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1

MANUFACTURING METHOD FORINK JET
RECORDING HEAD CHIP, AND
MANFUACTURING METHOD FOR INK JET
RECORDING HEAD

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION AND RELATED
ART

The present 1invention relates to a manufacturing method
for an ink jet recording head chip recording on recording
medium by jetting 1nk, and a manufacturing method for an 1ink
jet recording head.

Ink jet heads of the type which jet ink upward of the
clements for generating the 1nk jetting pressure have long
been known (hereafter, this type of ink jet head may be
referred to as side shooter head). This type of ink jet head 1s
provided with a substrate, and an ink jetting energy generat-
ing portions which are on one of the primary surfaces of the
substrate. The 1nk jetting energy generating portions are sup-
plied with ink, from the back side, that 1s, the opposite surface
ol the substrate from the surface having the ink jetting energy
generating portions, through the through holes.

One of the manufacturing methods for this type of 1ink jet
head 1s disclosed 1n U.S. Pat. No. 6,143,190. More specifi-
cally, this patent discloses an 1nk jet head manufacturing
method made up the following steps for preventing the for-
mation of an ink jet recording head chip, the abovementioned
through holes (common ink delivery channels) of which are
nonuniform in diameter:

(a) step for forming a sacrificial layer which can be etched
across selected areas, on the areas of the surface of the sub-
strate, which correspond to the positions of the through holes;

(b) step for forming a passivation layer, which 1s resistant to
ctching, 1s formed 1n a manner to cover the sacrificial layer;

(c) step for forming an etching mask layer having such
holes that correspond 1n position to the strips of sacrificial
layer on the back surface of the substrate;

(d) step for anisotropically (with respect to crystal axes)
ctching the substrate through the openings until the strips of
sacrificial layer are exposed;

(e) step for etching away the strips of sacrificial layer, from
the side exposed through the step for etching the substrate;

(1) step for completing the through holes by removing the
portions of the passivation layer, which correspond 1n posi-
tion to the through holes.

Further, U.S. Pat. No. 6,107,209 discloses a method for
anmisotropically etching silicon (substrate formed of silicon),
the surface azimuthal index of which 1s 100. This anisotropic
ctching method 1s characterized in that, before 1t etches a
s1licon substrate, 1t thermally processes the silicon substrate
so that the cross section of each cavity (common ink delivery
channel) which results from the etching, will be shaped like
“l >V

Further, U.S. Pat. No. 6,805,432 discloses another manu-
facturing method for an 1k jet recording head. According to
this method, a silicon substrate 1s dry etched, with a mask
placed on the back surface of the substrate, and then, the
substrate 1s anisotropically etched utilizing the same mask.
This manufacturing method can also effect common ink
delivery channels, the cross sections of which are also shaped
like “<>7,
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These manufacturing methods, which form cavities (com-
mon 1nk delivery channels) having the “< >"”-shaped cross
section, are advantageous in that they can manufacture an ink
jet recording head, the substrate of which 1s substantially
smaller, more specifically, substantially narrower, than an ink
jet recording head manufactured using an ink jet recording
head manufacturing method 1n accordance with the prior art.
In the field of an 1nk jet recording head, in particular, the field
of an 1nk jet recording apparatus which employs a multicolor
recording head, the substrate of which 1s provided with mul-
tiple common ink delivery channels for delivering multiple
inks, one for one, different in color, 1t 1s desired to manufac-
ture an 1nk jet recording head chip, the substrate of which 1s
even smaller than those of the ik jet recording head chips
manufactured using the methods described above.

However, the method disclosed 1n U.S. Pat. No. 6,107,209
1s limited 1n terms of the distance from the bottom surface of
a substrate to the apex of the “<>"-shaped cross section of the
common 1nk delivery channel. Further, when this method 1s
used, the cross-sectional shape, 1n which each common 1nk
delivery channel will be finished, 1s affected by the oxygen
concentration of the silicon substrate, making 1t difficult to
reliably (accurately) mass-produce ink jet recording head
chips.

On the other hand, in the method disclosed in U.S. Pat. No.
6,805,432, the mask used for dry etching 1s also used for wet
ctching. Thus, when this method 1s used, the width of the
common ink delivery channel 1s determined by the width of
the opening of the hole of the mask on the back surface of a
substrate, and the depth by which the substrate 1s dry etched.
Therefore, 1n order to form a common ink delivery channel,
the opening of which 1s narrow, that 1s, a so-called narrow
common 1nk delivery channel, 1t 1s necessary to increase the
depth to which the substrate 1s dry etched. Therefore, this
method 1s problematic 1n that 1t 1s inferior in terms of manu-
facture efliciency, because it takes more time to make a hole
in a silicon substrate by dry etching than by wet etching.

SUMMARY OF THE INVENTION

Thus, the primary object of the present invention 1s to
provide an 1nk jet recording head chip manufacturing method
for more reliably mass-producing ink jet recording head
chips, at a higher level of accuracy than an ink jet recording
head chip manufacturing method 1n accordance with the prior
art. More specifically, the primary object of the present inven-
tion 1s to manufacture an ink jet recording head chip, the
common ink delivery channels of which are substantially
narrower than that of an 1nk jet recording head chip manufac-
tured with the use of the ik jet recording head chip manu-
facturing method 1n accordance with the prior art, at a sub-
stantially higher level of precision and 1n a substantially
shorter length of time, compared to the method 1n accordance
with the prior art.

According to an aspect of the present invention, there 1s
provided a manufacturing method for a substrate for an ink jet
head, including formation of an ik supply port in a silicon
substrate, said method comprising a step of forming, on one
side of said substrate, an etching mask layer having an open-
ing at a position corresponding ik supply port; a step of
forming unpenetrated holes through said opening of said
ctching mask layer 1n at least two rows 1n a longitudinal
direction of said opening; and a step of forming said ink
supply port by crystal anisotropic etching of said substrate 1n
said opening.
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The present invention makes 1t possible to reliably mass-
manufacture 1nk jet recording head chips, at a substantially
higher level of efliciency.

These and other objects, features, and advantages of the
present invention will become more apparent upon consider-
ation of the following description of the preferred embodi-
ments of the present invention, taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a part of an 1nk jet recording,
head chip 1n one of the preferred embodiments of the present
invention.

FIG. 2 15 a sectional view of the precursor of a typical ink
jet recording head chip, to which the 1nk jet recording head
chip manufacturing method in the first embodiment of the
present invention 1s applicable.

FI1G. 3 1s a sectional drawings showing Steps (A)-(D) in the
ink jet recording head chip manufacturing method, which 1s
in the first embodiment of the present invention.

FI1G. 4 1s a sectional view of an 1nk jet recording head chip,
which has only a single row of pilot holes for forming a
common 1nk delivery channel, which 1s parallel to the length-
wise direction of the common 1nk delivery channel.

FIG. 5a 1s a sectional drawing showing Steps (a)-(d) in the
ink jet recording head chip manufacturing method 1n the first
embodiment, which includes Steps (a)-(d) shown in FIG. 3.

FIG. 5b 1s a sectional drawing showing Steps (e)-(h) in the
ink jet head manufacturing method 1n the first embodiment,
which includes Steps (a)-(d) shown 1n FIG. 3.

FIG. 6 1s a plan view of the back side of the substrate
immediately after the formation of the pilot holes 1n Step (1)
shown 1n FIG. Sb.

FI1G. 7 1s a sectional view of the ink jet recording head chip,
in the second embodiment of the present invention.

FIG. 8 1s a sectional view of an 1nk jet recording head chip,
which was formed using a manufacturing method in accor-
dance with the prior art, which does not form the pilot holes.

FI1G. 9 1s a sectional view of an 1nk jet recording head chip,
the substrate of which has multiple common ik delivery
channels which are different in the position of the apex in their
vertical cross sections.

FIG. 10a 1s a schematic drawing showing Steps (a)-(d) in
the 1nk jet recording head chip manufacturing method 1n the
second embodiment of the present invention, which 1s for
producing the ink jet recording head chip shown 1n FIG. 9.

FIG. 10b 1s a schematic drawing showing Steps (e)-(h) in
the ik jet recording head chip manufacturing method, which
1s for producing the ink jet recording head chip shown i FIG.
9.

FIG. 11 1s a plan view of the back side of the precursor of
the 1nk jet recording head chip shown in FIG. 10a(b).

FI1G. 12 1s a plan view of the back side of the precursor of
the 1nk jet recording head chip, shown in FIG. 10b(1), which
shows the pilot holes formed 1n Step (1) of the manufacturing
method, shown 1n FIG. 10b.

FI1G. 13 shows the sequence for forming the pilot holes.

FI1G. 14 shows another example of a pilot hole.

FIG. 15 shows a further example of a pilot hole.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The preferred embodiments of the present invention will be
described with reference to the appended drawings.
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The characteristic feature of the present invention which
relates to the method for processing the substrate for an ink jet

recording head chip 1s that the substrate 1s anisotropically
ctched after blind pilot holes for forming the common 1nk
delivery channels (which hereafter will be referred to simply
as pilot holes) are formed by a laser. This feature will be
described in detail 1n the following preferred embodiments of
the present invention.

Embodiment 1

FIG. 1 shows a part of the ik jet recording head 1n this
embodiment of the present invention.

This mk jet recording head (liquid jetting head) has a
silicon substrate 1, which has two rows of elements 3 for
generating ink (liquid) jetting energy (which hereaiter may be
referred to simply as energy generation elements). In each
row, the energy generation elements are aligned with a preset
pitch. The silicon substrate 1 1s covered with a layer of poly-
cther-amide (unshown) as an adhesion enhancement layer.
Also located on the silicon substrate 1 (adhesion enhance-
ment layer) are a photosensitive resin layer 9, which 1s the
layer through which 1nk jetting holes 14 (liquid jetting hole)
are formed. The 1nk jet holes 14 are located above the energy
generation elements 3, one for one. This photosensitive layer
9 also serves as the top wall of each ink passage which leads
from the common ink delivery channel 16 (liquid delivery
hole) to ik jetting hole 14. In terms of the direction perpen-
dicular to the abovementioned two rows of energy generation
clements 3, the common ink delivery channel 16 (liquid deliv-
ery hole) formed by anisotropically etching the silicon sub-
strate 1 1s between the two rows of energy generation ele-
ments 3. As the energy generated by each of the selected
generation elements 3 1s applied to the body of 1nk in the
corresponding ink passage supplied from the common 1nk
delivery channel 16, the 1nk 1s jetted out 1n the form of a
droplet (droplets) from the corresponding ink jetting hole 14,
and adhere to recording medium, effecting thereby an image
on recording medium.

This 1nk jet recording head 1s usable with various recording,
apparatuses, for example, a printer, a copying machine, a
facsimile machine having a communication system, a word-
processor having a printing portion, an industrial recording
apparatus comprising a printer portion and various process-
ing apparatuses, etc., which employ an ink jet recording head
(1ink jet recording heads). This ink jet recording head can
record on various recording media, for example, paper, yarn,
fiber, leather, metal, plastic glass, lumber, ceramic, etc.
“Recording” in the following description of the present inven-
tion means not only adherently depositing an image, such as
a letter or a specific shape, which has a meaning, on recording
medium, but also, adherently depositing a meaningless pat-
tern on recording medium.

(Characteristic Features of Amisotropic Etching Method
Which Uses Pilot Holes)

According to the manufacturing method in this embodi-
ment, the substrate 1s anisotropically etched after pilot holes
20 are formed 1n a preset pattern and to a preset depth by a
laser. Theretfore, this manufacturing method 1s more reliable
as the method for forming the common ink delivery channel
16, the cross-section of which 1s “< >"-shaped. This method
also makes 1t easier to form the common ink delivery channel
16, the cross section of which 1s “< >”-shaped. That the
common ink delivery channel 16 1s “<>"-shaped means that,
in terms of the width direction of the substrate, the width of
the common 1nk delivery channel 16 gradually increases,
starting from 1its opening at the back surface of the substrate 1
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toward a preset depth of the substrate 1, being largest at this
depth, and then, gradually reduces toward its opening at the
front surface of the substrate 1. That 1s, 1n terms of the cross-
sectional view of the common ink delivery channel 16, the
abovementioned preset depth corresponds to the apex (peak)
of the cross section of the common 1nk delivery channel 16.

FIG. 2 1s a sectional view of the precursor of the ik jet
recording head chip, with which the manufacturing method in
this embodiment 1s compatible. FIG. 2 shows the cross sec-
tion of the ink jet recording head chip, at a plane which
comncides with a line A-A 1n FI1G. 1 and 1s perpendicular to the
substrate. Referring to FIG. 2, designated by a reference
numeral 2 1s a sacrificial layer, and designated by a reference
numeral 4 1s an etching stop layer (passivation layer). Desig-
nated by a reference numeral 1 1s a substrate portion of the ink
jet recording head chip, which 1s formed of silicon (herein-
aiter, this portion may be referred to simply as substrate 1),
and designated by a reference numeral 8 1s a mask formed on
the back surface of the silicon substrate 1 to anisotropically
ctch the silicon substrate 1 from the back side. Designated by
a reference numeral 20 1s a pilot hole. The sacnficial layer 2
1s provided 1n an area 100 which 1s going to be formed with
the 1nk delivery channel 1n the silicon substrate surface. The
sacrificial layer 2 1s effective 1n order to precisely define the
area of the 1nk delivery channel, but 1t 1s not inevitable 1n the
present invention. The etching stop layer (passivation layer) 1s
made of a material having resistance properties against the
maternal of the anisotropic etching. The etching stop layer 4
functions as a partition wall or the like 1n the case that the
surtace of the silicon substrate 1s formed with elements and/or
structures such as portions constituting the ink passage. When
the sacrificial layer 2 and the etching stop layer 4 are used
alone or 1n combination, 1t will suifice 11 1t or they are formed
on the silicon substrate prior to the etching. In the step before
the etching, the order of formations and the timing thereof are
not limited to specific nature, but may be as known by one
skilled in the art. In this embodiment, at least two rows of pilot
holes 20 are formed per common 1nk delivery channel 16, in
terms of the width direction of the common ink delivery
channel 16, 1n a back side of the 1k jet head substrate, as will
be evident from FIG. 2. It 1s preferable that the pilot holes 20
are formed i two straight rows which are symmetrically
positioned with reference to the center line (parallel to length-
wise direction of common ink delivery channel) of the com-
mon 1nk delivery channel 16, 1n terms of the width direction
(which 1s perpendicular to surface of paper on which FIG. 2 1s
drawn) of the common ink delivery channel 16 (FIG. 5).
Incidentally, 1n this disclosed embodiment, the pilot holes 20
are formed 1n two straight rows.

FIG. 3 schematically shows the sequential steps in the
process for amisotropically etching the silicon substrate 1
which has the pilot holes 20 formed 1n advance, as shown in
FIG. 2. In the following examples, the use 1s made with a
sacrificial layer 2 and a passivation layer 4.

First, the substrate 1 1s etched from 1ts back side (bottom
side). Thus, not only does the etching start at the deepest end
of each pilot hole 20 and progress toward the top surface of
the substrate 1, but also, the etching starts across the entirety
of the internal surface of the pilot hole 20 and progresses 1n
the direction (left-and-right direction of drawing) perpen-
dicular to the thickness direction of the substrate 1. As a
result, each pilot hole 20 grows 1to a cavity (precursor of
common ink delivery channel), the top portion of which has
<111> surfaces 21a and 21b, which are slanted so that the
width of the cavity gradually reduces toward the top surface,
and the bottom portion of which has a <111> surface 22,
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which 1s slanted so that the width of the cavity gradually
increases toward the top surface (FIG. 3(a)).

As the etching progresses further, the <111> surface 21b of
one of the pilot holes 20 comes 1nto contact with the <111>
surface 21b of the other pilot hole 20, effecting an apex, and
then, the etching begins to progress from this apex toward the
top surface of the substrate 1. Further, the <111> surface 21a,
or the outward surface, with reference to the center of the
substrate 1, intersects with the <111> surface 22, which
extends from the bottom surtface of the substrate 1. As a result,
the apparent growth of the cavity 1n the direction perpendicu-
lar to the thickness direction of the substrate 1 stops (FIG.
3(d)). It 1s added that the etching can be finished without the
sacrificial layer.

As the etching progresses further, a <100> surface 23 1s
formed between the two pilot holes 20 (FIG. 3(c)). The pro-
gression of the etching process causes this <100> surface 23
to shift toward the top surface of the substrate 1. Eventually,
the <100> surface 23 reaches the sacrificial layer 2, when the
anisotropic etching 1s ended (FIG. 3(d)).

In the method, such as the above described one, for forming,
the common ink delivery channel 16, the final position of each
<111> surface 21a which 1s inclined so that the width of the
common 1nk delivery channel 16 gradually reduces toward
the top surface of the substrate 1, 1s determined by the position
of the pilot hole 20. Further, the final position of the <111>
surface 22 which grows from the bottom surface of the bottom
surface of the substrate 1 1s determined by the position of each
of the holes of the mask 8 which 1s placed on the bottom
surtace of the substrate 1.

FIG. 4 15 a sectional view of the precursor of an 1nk jet
recording head chip, the substrate of which had only a single
row of the pilot holes 20, which was parallel to the lengthwise
direction of the common 1nk delivery channel 16. In the case
of the precursor shown in FIG. 4, the apparent progression of
the anisotropic etching process sometimes stops at the apex
which 1s formed by two <111> surfaces 61a and 61b and
corresponds 1n position to the inward end of the pilot hole 20,
and therefore, 1t 1s difficult to expose the sacrificial layer 2
from the bottom side of the substrate 1. Moreover, 1f an
attempt 1s made to form a pilot hole (20) long enough to reach
the sacrificial layer 2, 1t 1s possible that the beam of laser light
might penetrate the sacrificial layer 2 and etching stopping
layer 4. Further, 1f there are functional layers, such as a wiring
layer, which were formed 1n advance, on the top surface of the
substrate 1, the beam of laser light may damage the functional
layers alter penetrating these two layers 2 and 4. Moreover, 1f
there are 1nk passages, which were formed 1n advance, on the
top surface of the substrate 1, it 1s possible that the beam of
laser light will damage the ink passages. Therefore, 1t 1s
difficult to precisely form the common ink delivery channel
16 which has the desired shape and dimension, by forming
only a single row of pilot holes 20.

Referring again to FIG. 2, a character L stands for the width
ol the sacrificial layer 2 (distance between two ends of closest
surface of sacrificial layer 2 to bottom surface of silicon
substrate 1), and a character T stands for the thickness of the
s1licon substrate 1. A character X stands for the distance from
the center of the sacrificial layer 2 to the center of the adjacent
pilot hole 20, and a character D stands for the depth of the
pilot hole 20. Further, a characterY stands for the width of the
opening ol the hole 1n the bottom surface mask 8. In an
example using the sacrificial layer 2, the sacrificial layer 2 1s
provided 1n the area which 1s to be bored for the ink delivery
channel in the silicon substrate surface, and therefore, the
centers and ends of the sacrificial layer 2 and the area are
aligned with each other.
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In order to expose the sacrificial layer 2 by anisotropically
ctching the substrate 1 from the bottom side of the substrate 1
during the above described progression of the ink jet head
manufacturing process, the depth D of each pilot hole 20 1s
desired to fall within the following range which satisfies the
following expression:

T-(X-L/2)xtan 54.7°=D=T-Xxtan 54.7° (1).

Further, 1n order to form the common 1nk delivery channel
16 described above, the cross section of which 1s “<
>"-shaped, the width Y of the opening of the hole 1n the
bottom surface mask 8 1s desired to satisty the following
eXpression:

(T/tan 54.7°)x2+L=Y (2).

On the other hand, 1f the width Y of the opening of the hole
in the bottom surface mask 8 1s greater than (T/tan 34.7°)x2+
L., acommon ink delivery channel, which has only two <111>
surfaces (lateral surfaces), the distance between which 1s
greatest at the bottom of the silicon substrate 1 and gradually
decreases toward the top surface of the substrate 1, 1s formed.

As described above, the manufacturing method, in this
embodiment, for an 1k jet recording head chip makes 1t
possible to form various kinds of common 1nk delivery chan-
nels (16), which are different in terms of the shape of their
cross sections, by changing the pattern in which the pilot
holes 20 are arranged, the depth of each pilot hole 20, and/or
the width of the opening of the hole of the bottom surface
mask 8, as necessary. That 1s, not only can the ink jet record-
ing head chip manufacturing method in this embodiment
make 1t possible to form a common ink delivery channel (16),
which 1s relatively wide at the bottom surface of the substrate
1, and the apex of each side wall of which 1s located close to
the bottom surface of the substrate 1, but also, a common 1nk
delivery channel (16), which 1s relatively narrow at the bot-
tom surface of the substrate 1, and the apex of each side wall
of which 1s located close to the middle of the substrate 1 1n
terms of the thickness direction of the substrate 1.

In the manufacturing method, 1n this embodiment, for the
ink jet recording head chip, the pilot holes 20 for forming the
common 1nk delivery channel 16 with the “<>”-shaped cross
section are formed with the use of a laser. The usage of a laser
makes 1t possible to precisely process preset points (portions)
of the substrate 1 at a high speed. Further, 1t does not require
the substrate 1 to be processed (for example, 1t does not
require mask or the like to be formed on substrate 1) before it
1s processed by a laser. Therefore, 1t makes it possible to
reduce the number of steps necessary for forming the com-
mon ink delivery channel 16, the cross section of which 1s “<
>"-shaped.

Further, the liquid etchant enters the pilot holes 20 1n the
substrate 1, reducing thereby the length of time necessary for
forming the common 1nk delivery channel 16, compared to an
ink jet recording head chip manufacturing method which
does not form pilot holes for the common 1nk delivery chan-
nels.

Regarding the step for forming the pilot holes 20, changing,
the conditions under which the pilot holes 20 are formed,
based on the thickness of the silicon substrate, which was
measured 1n advance, makes 1t possible to more reliably form
the common 1nk delivery channels 16.

Normally, silicon wafers used as the material for the sub-
strate 1 for the ink jet recording head chip are not the same 1n
thickness; they vary in thickness within a range of roughly
30-50 um. That 1s, the thickness T (1n Expression (1)) of the
s1licon substrate 1 (si1licon water) varies 1n the range of 30-30
um, which reduces the range of D, reducing thereby the
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margin for this step. However, by measuring in advance the
thickness of the silicon substrate 1 (silicon water), 1t 1s pos-
sible to reduce the apparent effects of the deviation 1n the

thickness T of the silicon substrate 1 (silicon water).
(Method for Feeding Back Measured Thickness of Substrate

(Silicon Water))

FIG. 13 shows the sequence for forming the pilot holes.
First, the thickness of the substrate 1 (silicon water) 1s mea-
sured with the use of a silicon substrate (water) thickness
measuring device. Then, based on the measured thickness of
the substrate 1 (silicon water), the optimal conditions for
processing the substrate 1 (silicon water) with the use of a
laser-based processing apparatus are selected. Then, the pilot
holes 20 are formed with the laser-based processing appara-
tus, under the selected (optimal) conditions.

Once the nozzle formation layer 1s formed on the top sur-
face of the substrate 1 (silicon wafer), 1t 1s 1impossible to
directly measure the thickness of the substrate 1 (silicon
waler) with the use of an ordinary thickness measuring
device, that 1s, a silicon substrate (water) thickness measuring
device of the reflection type. Therefore, when a silicon sub-
strate (waler) thickness measuring device of the reflection
type 1s used for measuring the thickness of the substrate 1
(s1licon water), the thickness must be measured before the
nozzle formation layer 1s formed (this process will be
described later, referring to FIG. Sa, (a)). There are various
manufacturing steps between the measurement of the thick-
ness of the substrate 1 (silicon water) and the formation of the
pilot holes 20, making it difficult to match the values obtained
by measuring the thicknesses of a substantial number of sub-
strates 1 (si1licon wafers), with the corresponding substrates 1
(silicon water). Therefore, it 1s desired to provide a laser-
based processing apparatus with a function of identifying
(reading) the 1dentification number of each substrate 1 (s1l1-
con waler) so that the optimal conditions for the formation of
the pilot holes 20 can be selected for the substrate 1 (silicon
waler), after 1t 1s confirmed that a specific value among many
values obtained by measuring the thicknesses of a substantial
number of substrates 1 (silicon waters) matches the substrate
1 (silicon water) which 1s going to be used next as the material
for the manufacturing of the ink jet recording head chip.

On the other hand, when a silicon substrate (wafer) thick-
ness measuring device which uses near infrared rays 1s used
as the device for measuring the thickness of the substrate 1
(s1licon wafer), the thickness of the substrate 1 (silicon water)
can be directly measured even 1f there 1s a nozzle formation
layer on the top surface of the substrate 1 (si1licon water). That
1s, 1n this case, the thickness of the substrate 1 (silicon water)
can be measured after the formation of the nozzle formation
layer (this process will be described later, referring to F1G. 5b,
(1)). Thus, 1t 1s possible to place a silicon water thickness
measuring device which uses near infrared rays, in a laser-
based processing apparatus so that the thickness of the sub-
strate 1 (si1licon waler) can be measured immediately before
the formation of the pilot holes 20.

(Method for Changing Conditions)

The conditions for processing the substrate 1 with the use
of a laser to form the pilot holes 20 are to be changed, as
necessary, based on the thickness of the substrate 1 (silicon
waler) measured as described above. The conditions which
are changeable are the following two.

One 1s the depth D of each pilot hole 20 (which 1s to be
changed based on the thickness of the substrate 1. IT the
thickness of the substrate 1 1s greater than the normal one, the
depth D of the pilot hole 20 1s to be increased, whereas the
thickness of the substrate 1 1s less than the normal one, the
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depth of the pilot hole 20 1s to be reduced. The depth D can be
changed by adjusting laser output, and/or laser shot count.

The other condition 1s the distance X, or the distance
between the centers of the area to be bored for the ink delivery
channel in the substrate surface (the sacrificial layer 2 when
the sacrificial layer 1s provided) and pilot hole 20 (which 1s to
be changed based on thickness of substrate 1). I the thickness
of the substrate 1 1s greater than the normal one, the distance
X 15 to be increased, whereas the thickness of the substrate 1
1s less than the normal one, the distance X 1s to be reduced. By
changing the distance X, the ink jet recording head chips
which will be yielded from one silicon water can be made the
same as those from another silicon waifer, in terms of the
width of the top opening of the common ink delivery channel
16 (width of top end of cavity when cavity grown to sacrificial
layer).

Referring to FIGS. 5A and 5B, the process for manufac-
turing an 1nk jet recording head using the above described ink
jet recording head chip manufacturing method will be
described. Incidentally, the preferred embodiments of the
present mvention, which were described so far and will be
described hereaiter, are not intended to limit the present
invention 1n scope. That 1s, the present invention 1s also appli-
cable to other technologies which are compatible with the gist
of the present invention stated in the claim section of this
application.

FIGS.5A(A)-SA(D) and SB(E)-SB(H) are sectional views
of the ink jet recording head chip in the various stages
completion, at a line A-A 1n FIG. 1.

On the top surface of the substrate 1 shown 1n FIG. 3a, (a),
there are multiple 1k jetting energy generation elements 3,
such as heat generating resistors, for generating the energy for
jetting k. The entirety of the bottom surface of the substrate
1 1s covered with a silicon dioxide film 6. Also the sacrificial
layer 2 1s provided on the top surface of the substrate 1. The
sacrificial layer 2 1s dissolved away with alkaline solvent
when forming the common ink delivery channel 16. The
wiring for the energy generation elements 3 and the semicon-
ductors for driving the heaters (energy generating elements 3)
are not shown. The sacrificial layer 2 1s formed of such a
substance as polysilicon, aluminum (which can be quickly
ctched), aluminum-silicon, aluminum-copper, and alumi-
num-silicon-copper, which can be etched with alkaline sol-
vent, although the selection does not need to be limited to
these examples. That 1s, any substance which 1s greater in the
speed at which it can be etched with alkaline solvent, than
silicon may be selected. The etching stop layer 4 must be
capable of preventing the substrate 1 from being further
ctched by alkaline solvent, once the sacrificial layer 2 1is
exposed during the anisotropic etching of the substrate 1. It1s
preferred that the etching stop layer 4 1s formed of silicon
dioxide, which 1s also used as the material for the heat storage
layer placed on the bottom side of the heater 3, silicon nitride,
which 1s also used as the material for the protective layer
placed on the energy generating element 3, or the like.

Referring to FIG. 5a, (b), polyether-amide resins (7) and
(8) are coated on the top and bottom surfaces of the substrate
1, respectively, and are hardened by baking. Then, in order to
pattern the polyether-amide resin layer 7, the positive resist
(unshown) 1s spin coated on the top surface of the resin layer
7, 1s exposed 1n a preset pattern, and 1s developed. Then, the
polyether-amide resin layer 7 1s etched in the preset pattern by
dry etching or the like method. Then, the positive resist 1s
removed. Similarly, 1n order to pattern the polyether-amide
resin layer 8, positive resist (unshown) 1s coated on the poly-
cther-amide resin layer 8 on the bottom surface of the sub-
strate 1, 1s exposed 1n a preset pattern, and 1s developed. Then,
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the polyether-amide resin layer 8 1s etched or the like method
in the preset pattern. Then, the positive resist 1s removed.

Referring to FIG. 5a, (¢), positive resist 10 which 1s to be
removed to form an 1nk passage 1s placed in the pattern of the
ink passage.

Referring to FIG. 5a, (d), photosensitive resin as the mate-
rial for forming nozzles i1s coated by spin coating or the like
method on the top side of the substrate 1 1n a manner to cover
the positive resist 10. Then, a water repellant dry film 13 1s
placed on the photosensitive resin layer 12 by lamination or
the like method. Then, the photosensitive resin layer 12 1s
patterned. That1s, 1t 1s exposed 1n a preset pattern, with the use
of ultraviolet rays, deep ultraviolet rays, or the like, and 1s
developed, forming an 1nk jetting hole 14 through the photo-
sensitive resin layer 12.

Referring to FI1G. Sb, (e), the top side of the substrate 1, on
which the positive resist 10, photosensitive resin layer 12,
etc., are present, and the lateral sides of the substrate 1, are

coated with a protective layer 15 by spin coating or the like
method.

Referring to FIG. 5b, (1), the pilot holes 20 are formed with
the use of a laser, from the bottom side of the substrate 1
toward the top side. In this step, two straight rows of pilot
holes 20 are formed per common 1nk delivery channel 16 so
that the two rows are symmetrically positioned with reference
to the center of the sacrificial layer 2. As the means for
forming the pilot holes 20, a beam of frequency-tripled
(THG: 355 nm 1n wavelength) laser light emitted by a YAG
laser 1s used. The power and frequency of the laser was set to
optimum values. In this embodiment, the diameter of the pilot
hole 20 1s roughly 40 um. The diameter of the pilot hole 20 1s
desired to be 1n a range of roughly 5-100 um. IT 1t 15 exces-
stvely small, 1t 1s difficult for the etchant to enter the pilot hole
20 during the subsequent step 1n which the substrate 1 is
anisotropically etched. On the other hand, 1f the diameter of
the pilot hole 20 1s excessively large, 1t takes an excessive
length of time to form the pilot hole 20 with the preset depth.
Incidentally, if 1t 1s necessary to increase the diameter of the
pilot hole 20, the pitch with which the pilot holes 20 are
formed must be set so that the adjacent two pilot holes 20 do
not overlap.

FIG. 6 1s a plan view of the bottom side of the substrate 1
aiter the formation of the pilot holes 20 in the step shown 1n
FIG. 5b, (). The polyether-amide layer 8 (bottom surface
mask) on the bottom surface of the substrate 1 has holes 28,
the positions of which correspond to those of the strips of
sacrificial layer 2 (contoured by dotted line 1n FIG. 6), one for
one, on the top surface of the substrate 1. These hole 28 are
formed 1n the step shown 1n FIG. 5a, (b), and the polyethera-
mide resin layer 8 functions as the mask used for anisotropi-
cally etching the substrate 1. The thickness of the substrate 1
(s1licon water) measured at this point 1n the manufacturing
process, with the use of the abovementioned silicon water
thickness measuring device which uses near infrared rays was
600 um. The dimension of the sacrificial layer 2 1n terms of 1ts
width direction was 150 um. The pitch of the multiple com-
mon 1ink delivery channels 16 was 1,500 um. The distance X,
or the distance between the centers of the sacrificial layer 2
and pilot hole 20, 1 terms of the width direction of the
substrate 1, was set to 100 um. Then, the pilot holes 20 were
formed, with the number of pulses of laser light set according
to these measurements, and the Expression (1), so that the
depth of the pilot holes 20 will be 1n a range o1 490-330 um.
The pilot holes 20 were formed in the portions of the sub-
strate, which corresponds 1n position to the holes 28. In terms
of the width direction of the substrate 1, the pitch of the holes




US RE44,945 E

11

28 was set to 200 um, and 1n terms of the lengthwise direction
of the substrate 1, the pitch of the holes 28 was set to 100 um.

In this embodiment, the dimension of the hole 28 in the
width direction of the substrate 1 1s 400 um. The width of the
sacrificial layer 2 in the width direction of the substrate 1 1s
150 um. The depths of the pilot holes 20 measured, in terms
of vertical cross section, after the forming of the pilot holes 20
using a laser was 1n a range of 420-460 um. The thickness of
the substrate 1 measured with the use of the abovementioned
silicon waler thickness measuring device which uses near
inirared rays at this point in the manufacturing process was
600 um. Thus, from these measurements and Expression (1),
the distance X, or the distance between the centers of the
sacrificial layer 2 and pilot hole 20, was set to 150 um. Then,
the pilot holes 20 were formed. That 1s, multiple pilotholes 20
were formed so that their pitch 1n terms of the width direction
of the hole 28 was 300 um, and their pitch in terms of the
lengthwise direction of the hole 28 was 150 um.

As regards the formed pilot hole, there are other examples
shown in FIGS. 14 and 13. In FI1G. 14 example, the interval of
the pilot holes 1n one of the two rows formed along the
longitudinal direction of the opeming of the masking layer, 1s
smaller than that in the other row. With such a structure, the
anisotropic etching in the large interval part becomes closer to
that 1n the smaller interval part. As a result, the number of the
pilot holes can be substantially decreased, and therefore, the
productivity 1s improved. In FIG. 15 example, the pilot holes
arranged 1n two rows 1n the longitudinal direction of the
opening in the masking layer are in connection with are partly
(FIG. 15(a)) or entirely (FIG. 15(b)) with the pilot holes 1in the
same row 1nto a channel shape. This structure can be provided
by continuous scanning with a laser beam. This example 1s
advantageous 1n that the depths of the unpenetrated holes
from the back side of the substrate are uniform over the
unpenetrated holes.

In this embodiment, a beam of frequency-tripled (THG:
355 nm 1n wavelength) laser light emitted by a YAG laser was
used to process the substrate 1 to form the pilot holes 20.
However, the beam of laser light used for processing the
substrate 1 does not need to be limited to the abovementioned
one, as long as the wavelength of the laser light 1s suitable for
forming holes through silicon, or the material for the substrate
1. For example, a beam of frequency-doubled (SHG: 532 nm
in wavelength) laser light emitted by a YAG laser, which 1s as
high 1n the absorbency by silicon as THG, may be used form
the pilot holes 20.

Referring to FIG. Sb, (¢), the silicon dioxide film 6 1n the
hole 28 (FIG. 6) on the bottom side of the substrate 1 1s
removed to expose the surface of the silicon substrate 1, at
which the anisotropic etching of the substrate 1 1s started.
Then, the formation of the common ink delivery channel 16 1s
started. More specifically, the portions of the silicon dioxide
film 6 on the bottom surface of the substrate 1, which are
exposed through the holes 28, are removed, with the poly-
cther-amide resin layer 8 used as a mask. Thereatter, the
common ink delivery channels 16 which will reach sacrificial
layer 2, one for one, are formed by etching the silicon sub-
strate 1 from the bottom side, using [THAH] TMAH (tetram-
ethyvl ammonium hydroxide) as anisotropic etchant. In this
ctching step, the etching front advances through the stages
described with reference to FIG. 3, and the resultant <111>
surfaces, the angles of which are 54.7°, reach the sacrificial
layer 2. Then, the sacrificial layer 2 1s 1sotropically etched by
the etching tluid, effecting the top portion of the common 1nk
delivery channel 16, which retlects the shape of the sacrificial
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layer 2. The cross section of the common ink delivery channel
16 at the line A-A 1n FI1G. 1, which 1s contoured by the <111>

surfaces, 1s “< >"-shaped.

Lastly, referring to FIG. Sb, (h), the portion of the etching
stop layer 4, which 1s covering the top opening of the common
ink delivery channel 16, 1s removed by dry etching. Then, the
polyether-amide layer 8 and protective layer 15 are removed.
Further, the positive resist layer 10 1s dissolved out through
the 1nk jetting hole 14 and common ink delivery channel 16 to
elfect the ik passages and bubble generation chambers.

Each 1nk jet recording head chip, or the substrate 1 having,
the nozzle portion, 1s completed through the above described
manufacturing steps. Then, the silicon watfer 1s separated into
individual 1k jetrecording head chips with the use ofa dicing
saw or the like. Then, wiring for driving the ink jetting energy
generating element 3 1s attached to each chip, and an 1nk
container for an 1k jet recording head chip 1s connected to
cach chip, completing an 1nk jet recording head.

Incidentally, 1n this embodiment, a silicon water which 1s
600 um 1n thickness was used as the material for the substrate
1 for the 1nk jet recording head chip. However, the present
invention 1s also applicable to an ink jet recording head chip
manufacturing method which uses a silicon wafer or the like,
which 1s thinner or thicker than the silicon watfer used in this
embodiment. When such a material 1s used as the substrate,
the depth of the pilot hole 20 and the dimension of the hole 28
should be changed to the values which satisiy Expressions (1)
and (2).

Further, the common ink delivery channel 16 can be
formed by carrying out multiple times the sequential steps
shown 1 FIGS. 5B(F)-5B(H), instead of using the common
ink delivery channel forming method 1n this embodiment.
More specifically, a single row of pilot holes 20 which do not
reach the sacrificial layer, are formed, and the substrate 1 1s
anisotropically etched using this row of pilot holes 20. Then,
the next row of pilot holes 20 1s formed next to the groove
(cavity) formed using the first row of pilot holes, and then, the
substrate 1 1s anisotropically etched to complete the common
ink delivery channel 16. In this case, when forming the pilot
hole 20 so that it reaches the sacrificial layer, Expression (1)
must be satisfied.

Embodiment 2

FIG. 7 1s a sectional view of the 1k jet recording head chip
in the second embodiment of the present invention.

The 1k jet recording head chip in this embodiment 1s
provided with multiple common ink delivery channels, which
were formed 1n parallel with the use of the manufacturing
method 1n the first embodiment described above. Thus, each
common ink delivery channel 16 of the 1nk jet recording head
chip 1n this embodiment also has the “< >"-shaped cross
section.

FIG. 8 1s a sectional view of an ink jet recording head chip
formed with the use of an ink jet head manufacturing method
in accordance with the prior art, which does not use pilot holes
to form the common ink delivery channels As will be evident
from the comparison between FIGS. 7 and 8, the ink jet
recording head chip manufacturing method 1n this embodi-
ment used for forming the 1k jet recording head chip shown
in FI1G. 7, makes 1t possible to form the common 1nk delivery
channel 16, the width of which on the bottom side 1s smaller
than that of the common ink delivery channel 16, shown in
FIG. 8, formed with the use of an ink jet recording head chip
manufacturing method 1n accordance with the prior art. Thus,
the 1k jet recording head chip manufacturing method 1n this
embodiment can produce an 1nk jet recording head chip, 1n
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which the distance between the adjacent two common 1nk
delivery channels 16 1s smaller than that 1n an 1nk jet record-
ing head chip formed with the use of the ink jet recording head
chip manufacturing method 1n accordance with the prior art.
Theretfore, 1t can produce an ink jet recording head chip,
which 1s smaller than the one produced with the use of the ink
jet manufacturing method 1n accordance with the prior art.
Further, the common 1nk delivery channels 16 1n this embodi-
ment have the “<>"-shaped cross section, making 1t possible
to produce an ink jet recording head chip, in which the width
of the surface area 50, by which the adjacent two common 1nk
delivery channels 16, which are different in the color of the
inks therein, 1s separated, 1s much wider, being therefore
capable of better preventing the inks 1n the adjacent common
ink delivery channels 16 from mixing, than that in an nk jet
recording head chip produced with the use of an 1nk jet head
manufacturing method 1n accordance with the prior art.

Also 1n the case of the 1nk jet recording head chip manu-
facturing method 1n this embodiment, the pattern in which the
pilot holes 20 are formed, the depth of each pilot hole 20, the
width of each hole of the bottom surface mask 8, may be
changed to form various kinds of common 1nk delivery chan-
nels 16 having the “<>"-shaped cross section, for example, a
common ink delivery channel 16, the bottom opening of
which 1s greater than the top opeming thereof, and the apex of
its “<>"-shaped cross section 1s closer to the bottom surface
of the substrate 1, as well as, a common ink delivery channel
16, the bottom opening of which 1s smaller than the top
opening thereol, and the apex of its “< >"-shaped cross sec-
tion 1s near the middle of the substrate 1 in terms of the
thickness direction of the substrate 1.

As described above, 1n the case of an 1nk jet recording head
chip having multiple common ink delivery channels 16 which
are 1n the substrate 1 of the chip, the position (in terms of
thickness direction of substrate 1) of the apex of the “<
>"-shaped cross section of each common 1nk delivery channel
16 can be changed by satisiying the mnequalities: Y1>Y2, or
Y1<Y2, in which Y1 and Y2 (FIG. 9) are the widths of the
holes of the bottom surface mask 8, which correspond to the
bottom openings of the adjacent two common ink delivery
channels 16, and can be obtained from the abovementioned
Expression (2):

(T/tan 54.7°)x2+L=Y (2).

An 1k jet recording head chip, which has multiple common
ink delivery channels 16 arranged 1n parallel can be further
reduced 1n size by differentiating the adjacent two common
ink delivery channels 16 in the position of the apexes of their
“<>"-shaped cross sections. F1G. 9 1s a cross sectional view
of an ink jet recording head chip structured as described
above. As will be evident from FIG. 9, by differentiating the
adjacent two common ink delivery channels 16 1n the position
of the apexes of their “< >"-shaped cross sections, the two
common ink delivery channels 16 can be placed closer so that
the apexes of the “< >”-shaped cross sections of the two
common ink delivery channels 16 virtually overlap, making 1t
possible to further reduce 1n size an ink jet recording head
chip, compared to an ink jet recording head chip structured as
shown 1n FIG. 7. In the case of the structural arrangement
shown 1n FIG. 9, the distance between the apexes of the “<
>"-shaped cross sections of the adjacent two common 1nk
delivery channels 16 1s greater than that shown in FIG. 7.
Theretfore, the portion 50 of the chip, which separates the
adjacent two common 1nk delivery channels 16 different in
the color of the ik therein, can be increased 1n strength.
Next, referring to FIGS. 10A and 10B, the manufacturing
method for the 1k jet recording head which includes the ink
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jet recording head chip shown in FIG. 9 will be described.
Incidentally, the preferred embodiments of the present mven-
tion are not intended to limit the present invention in scope.
That 1s, the present invention 1s also applicable to the tech-
nologies other than those 1n the preferred embodiment, as
long as the technologies are compatible with the concept of
the present invention stated 1n the claim section of this patent
application.

The 1nk jet recording head chip, which 1s shown 1n FIG.
10a, (a), 1s provided with multiple 1nk jetting energy genera-
tion elements 3, such as heat generating resistors, which are
on the top surface of the substrate 1. The entirety of the
bottom surface of the substrate 1 1s covered with a silicon
dioxide film 6. There are also multiple strips of sacrificial
layer 2 on the top surface of the substrate 1. Each strip of
sacrificial layer 2 1s dissolved away with alkaline solvent
when forming the common ink delivery channel 16. The
wiring for the energy generation elements 3 and the semicon-
ductors for driving the heaters are not shown. The sacrificial
layer 2 1s formed of such a substance as polysilicon, alumi-
num (which can be quickly etched), aluminum-silicon, alu-
minum-copper, and aluminum-silicon-copper, which can be
ctched with alkaline solvent. The etching stop layer 4 must be
capable of preventing the substrate 1 from being further
ctched by alkaline solvent, once the sacrificial layer 2 1s
exposed during the anisotropic etching of the substrate 1. It 1s
preferred that the etching stop layer 4 1s formed of silicon
dioxide, which 1s also used as the material for the heat storage
layer placed on the back surface side of the heater 3, silicon
nitride, which 1s also used as the material for the protective
layer placed on the energy generating element 3, or the like.

Next, referring to FIG. 10a, (b), polyether-amide resins (7)
and (8) are coated on the top and bottom sides of the substrate
1, respectively, and are hardened by baking. Then, 1n order to
pattern the polyether-amide resin layer 7, the positive resist
(unshown) 1s spin coated on the top surface of the polyether-
amide resin layer 7, 1s exposed 1n a preset pattern, and 1s
developed. Then, the polyether-amide resin layer 7 1s etched
in the preset pattern by dry etching or the like method. Then,
the positive resist1s removed. Similarly, 1n order to pattern the
polyether-amide resin layer 8, positive resist (unshown) 1s
coated on the polyether-amide resin layer 8 on the bottom
surface of the substrate 1, 1s exposed 1n a preset pattern, and 1s
developed. Then, the polyether-amide resin layer 8 1s etched
by dry etching or the like method 1n the preset pattern. Then,
the positive resist 1s removed.

The width of the opening of the hole 1n the bottom surface
mask 8 patterned on the bottom surface of the substrate 1
equals the width of the bottom opening of the common 1nk
delivery channel 16. Therefore, the width of the opening of
the hole 1n the bottom surface mask 8 1s set so that 1t equals the
intended width of the bottom opening of the common 1nk
delivery channel 16. FIG. 11 1s a bottom plan view of the
precursor of the ink jet recording head chip, which 1s shown 1n
FIG. 10a, (b). In this embodiment, the measurement Y1 of the
opening of the larger hole in the bottom surface mask 8, 1n
terms of the width direction of the substrate 1, 1s 800 um, and
the measurement Y2 of the opening of the smaller hole 1n the
bottom surface mask 8, 1n terms of the width direction of the
substrate 1, 1s 400 pum.

Next, referring to FIG. 10a, (c¢), positive resist 10 which 1s
to be removed to form an 1nk passage 1s placed 1n the pattern
of the ink passage.

Referring to FIG. 10a, (d), photosensitive resin 12 as the
material for forming nozzles 1s coated by spin coating or the
like method on the top side of the substrate 1 1n a manner to
cover the positiveresist 10. Then, a water repellant dry film 13
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1s placed on the photosensitive resin layer 12 by lamination or
the like method. Then, the photosensitive resin layer 12 1s
patterned. That1s, 1t1s exposed in a preset pattern, with the use
of ultraviolet rays, deep ultraviolet rays, or the like, and 1s
developed, forming an ink jetting holes 14 through the pho-
tosensitive resin layer 12.

Referring to FIG. 10b, (e), the top side of the substrate 1, on
which the positive resist 10, photosensitive resin layer 12,
etc., are present, and the lateral surfaces of the substrate 1, are
coated with a protective layer 15 by spin coating or the like
method.

Referring to FIG. 10b, (1), the pilot holes 20 are formed
with the use of a laser, from the bottom side of the substrate 1
toward the top side. In this step, two straight rows of pilot
holes 20 are formed per common 1nk delivery channel 16 so
that the two rows are symmetrically positioned with reference
to the center of the sacrificial layer 2. As the means for
forming the pilot holes 20, a beam of frequency-tripled
(THG: 3355 nm in wavelength) laser light emitted by a YAG
laser. The power and frequency of the laser was set to opti-
mum values. In this embodiment, the diameter of the pilot
hole 20 1s roughly 40 um. The diameter of the pilot hole 20 1s
desired to be 1n a range of roughly 5-100 um. If 1t 1s exces-
stvely small, 1t 1s difficult for the etchant to enter the pilot hole
20 during the subsequent step in which the substrate 1 1s
anisotropically etched. On the other hand, it the diameter of
the pilot hole 20 1s excessively large, it takes an excessive
length of time to form the pilot hole 20 with the desired depth.
Incidentally, 11 1t 1s necessary to increase the diameter of the
pilot hole 20, the pitch with which the pilot holes 20 are
formed must be set so that the adjacent two pilot holes 20 do
not overlap. Incidentally, an 1nk jet recording head chip, the
multiple common ik delivery channels 16 of which are the
same 1n the width of their top openings, can be produced by
keeping constant the conditions under which the substrate 1 1s
processed to form the pilot holes 20.

FI1G. 12 1s a plan view of the bottom side of the substrate 1
after the formation of the pilot holes 20 1n the step shown 1n
FIG. 10b, (1). The polyether-amide layer 8 (bottom surface
mask) on the bottom surface of the substrate 1 has the holes
28, the positions of which correspond to those of the intended
ink opening position (the sacrificial layers 2 in the case of the
provision of the sacrificial layer)(contoured by dotted lines in
FIG. 12) on the top surface of the substrate 1. These holes 28
are formed 1n the step shown 1n FIG. 10a, (b), and the poly-
cther-amide layer 8 functions as the mask used for anisotro-
pically etching the substrate 1.

Incidentally, 1n this embodiment, the pilot holes 20 were
tormed with the use of the frequency-tripled (THG: 355 nm 1n
wavelength) beam of laser light emitted by a YAG laser.
However, the selection of the beam of laser light used for
processing the substrate 1 to form the pilot holes 20 does not
need to be limited to the one used 1n this embodiment, as long,
as the selected laser light can form a hole through silicon, or
the material for the substrate 1. For example, a beam of
frequency-doubled (SHG: 532 nm 1n wavelength) laser light
emitted by a YAG laser, which 1s as high 1n the absorbency by
silicon as THG, may be used to form the pilot holes 20.

Next, referring to FIG. 10b, (g), the portions of the silicon
dioxide film 6 in the holes 28 (FI1G. 12) on the bottom surface
of the substrate 1 are removed to expose the surface of the
silicon substrate 1, at which the amisotropic etching of the
substrate 1 1s to be started. Then, the formation of the com-
mon ink delivery channels 16 1s started. More specifically, the
portions of the silicon dioxide film 6 on the bottom surface of
the substrate 1, which are exposed through the holes 28, are
removed, with the polyether-amide resin layer 8 used as a
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mask. Thereafter, the common 1nk delivery channels 16 are
formed by etching the silicon substrate 1 from the bottom
side, using [THAH] TMAH (tetramethy! ammonium hydrox-
ide) as anisotropic etchant so that the common 1nk delivery
channels 16 reach sacrificial layers 2, one for one. In this
ctching step, the etching of the substrate 1 starts at the end of
cach pilot hole 20, and as the etching continues, and the
resultant <<111> surfaces, the angles of which relative to the
bottom surface ofthe substrate 1 are 54.7° reach the sacrificial
layer 2. Then, each of the sacrificial layers 2 1s 1sotropically
ctched by the etching fluid, effecting the top portion of the
common ink delivery channel 16, which retlects the shape of
the sacrificial layer 2. Each common ink delivery channel 16
1s formed so that 1ts cross section, which 1s contoured by the
<111> surfaces, 1s “< >"-shaped. In this embodiment, the
positions of the apexes of the “< >"-shaped cross sections of
the adjacent two common ink delivery channels 16 are sepa-
rated by roughly 140 um 1n terms of the thickness direction of
the substrate 1.

Lastly, referring to FIG. 10b, (h), the portion of the etching
stop layer 4, which 1s covering the top opening of the common
ink delivery channel 16, 1s removed by dry etching. Then, the
polyether-amide layer 8 and protective layer 15 are removed.
Further, the positive resist layer 10 1s dissolved out through
the 1nk jetting hole 14 and common ink delivery channel 16 to
elfect the ik passages and bubble generation chambers.

The precursor of the ink jet recording head chip, or the
substrate 1 having the nozzle portion, 1s completed through
the above described manufacturing steps. Then, the silicon
waler 1s separated with the use of a dicing saw or the like, into
individual 1k jet recording head chips. Then, wiring for
driving the ink jetting energy generating element 3 1s attached
to each ink jet recording head chip, and an ink container for an
ink jet recording head chip 1s connected to each chip, com-
pleting an ink jet recording head.

Incidentally, 1n this embodiment, a silicon water which 1s
600 um 1n thickness was used to manufacture the ink jet
recording head chips. However, the present mvention 1s also
applicable to an ink jet recording head chip manufacturing
method which uses a silicon water or the like, which 1s thinner
or thicker than the silicon wafer used in this embodiment.
When such a silicon water or the like 1s used, the depth of the
pilot hole 20 and the dimension of the hole 28 should be
changed to the values which satisty Expressions (1) and (2).

Described above 1s an example of the common 1nk delivery
channel forming method, 1n which the position (1n terms of
thickness direction of substrate) of the apexes of the “<
>"-shaped cross section of the common 1nk delivery channel,
1s changed by changing the dimension (1n terms of width
direction of substrate) of the opening of the hole in the bottom
surface mask 8.

While the invention has been described with reference to
the structures disclosed herein, 1t 1s not confined to the details
set forth, and this application 1s intended to cover such modi-
fications or changes as may come within the purposes of the
improvements or the scope of the following claims.

This application claims priority from Japanese Patent
Application No. 061166/2006 filed Mar. 7, 2006 which are
hereby incorporated by reference.

What 1s claimed 1s:

1. A manufacturing method for a substrate for an ink jet
head including an energy generating element for generating
energy used to eject ink and an ink supply port for supplying
the element with 1nk, said method comprising:

providing a substrate having the element, a sacrificial layer

of material having an etching speed which 1s higher than
that of silicon on an area where said 1nk supply port 1s




US RE44,945 E

17

going to be formed at a side of a first surface, and an
etching mask layer having an opening at a position cor-
responding to the ik supply port on a second surface
which is [a back surface of] opposite the first surface [of
said substrate] and [which] has a plane direction <100>;

forming recesses in the [first surface in] substrate in an
area of the substrate exposed by the opening at the
second surface 1 first and second rows extending 1n a
longitudinal direction of said opening 1n sides of a center
of said opening with respect to a widthwise direction of
said opening,

wherein said recesses in the first and second rows include a
recess satisiving

T-(X-L/2)xtan 54.7°=D=T-Xxtan 54.7°

where L (um) 1s a length of the sacrificial layer in a width-
wise direction of the sacrificial layer, T (um) 1s a thick-
ness of said substrate, X (um) 1s a distance from a center
of said sacrificial layer in [a] t2e widthwise direction to
centers of said recesses, and D 1s a depth of said recesses;
and

forming said ink supply port by crystal anisotropic etching

ol said substrate through said opening.

2. The method according to claim 1, wherein said recesses
are arranged symmetrically with respect to a center line
extending 1n a longitudinal direction of said opening.

3. The method according to claim 1, wherein said etching
mask layer1s formed such thatalengthY (um) of said opening
to be formed, measured in a widthwise direction thereof,
satisfies

(T/tan 54.7°)x2+L=Y.
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4. The method according to claim 1, wherein a forming
condition of said recesses 1s changed depending on a thick-
ness of said substrate measured beforehand.

5. The method according to claim 4, wherein a depth of said
recesses 1s changed depending on a thickness of said substrate
measured beforehand.

6. The method according to claim 4, wherein a distance
from a center line of said area extending in a longitudinal
direction of said area to centers of said recesses 1n the rows 1s
changed depending on a thickness of said substrate measured
beforehand.

7. The method according to claim 1, wherein there are
provided a plurality of such openings which are formed adja-
cent to each other in a widthwise direction of said opening,
and wherein dimensions of adjacent openings are different
from each other.

8. The method according to claim 7, wherein a dimension
Y1 of one of said adjacent openings measured 1n a widthwise
direction thereof, and a dimension Y2 of the other one of said

adjacent openings measured 1n a widthwise direction thereof
satisly,

(T/tan 54.7°)x2+L=Y1,
(T/tan 54.7°)x2+L=Y2, and

Y1>Y2,orY2<Y1.

9. The method according to claim 1, further comprising a
step of forming a passivation layer having an etching-resis-
tant property so as to cover said sacrificial layer.

10. The method according to claim 1, wherein said recesses
are formed by laser.
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