
;fge3e_\l(^6T=C!_1_ 15 December 2003 INK CHAMBER AND ORIFICE SHAPE
VARIATIONS IN AN INK-.JET ORIFICE PLAT Technical Field This invention
relates to ink-jet printers, and particularly to orifice plates 5 that are
incorporated into the print heads of ink cartridges used in those printers.
Background and Summary of the Invention An ink-jet printer includes one or
more ink cartridges Coat contain ink. in some designs, the cartridge has
discrete reservoirs of more than one color 10 of ink. Each reservoir is
connected via a conduit to a print head that is mounted to the body of the
cartridge. The print head is controlled for ejecting minute droplets of ink
from the print head to a printing medium) such as paper, that is advanced
through the printer. The ejection of the droplets is controlled so that the
droplets form t5 recognizable images on the paper. The ink droplets are
expelled through orifices that are formed in an orifice plate that covers
most of the print head. The orifice plate is typically bonded atop an ink
barrier layer of the print head. That layer is shaped to define ink
chambers. Each chamber is aligned with, and continuous with, an 20 orifice
from which the ink droplets are expelled. The ink droplets are expelled
from an ink chamber by a heat transducer, such as a thin-film resistor. The
resistor is carried on an insulated substrate, which is preferably a
conventional silicon wafer upon which has been grown an insulation layer,
such as silicon dioxide. The resistor is 25 covered with suitable
passivation and other layers, as is known in the art and described) for
example, in US Patent No. 4,719,477, hereby incorporated by reference.
-2- 15 December 2003 The resistor is selectively driven (heated) with a
pules of electrical current. The heat from the rstsstor is sufficient to
form a vapor bubble in an irk chamber thereby forcing a droplet through the
associated orifice. The chamber is refilled after each droplet ejection
with ink that flows into the 5 chi through a channel that connects with the
conduit of reservoir ink. Color printing on white media is accomplished by
using at toast three different colors of ink: cyan, yellow, and magenta.
These three colors can be cold to form the color black. For efficiency
reasons, however) a 



separate supply of black ink is normally provided. 10 Print quality is
generally improved when) among other things) one can pry control the volume
of the individual ink droplets that are expelled from the print head. More
specifically) print quality is enhanced in instances where the volume of
one color of ink droplet can be controlled relative to the volume of
another color of ink droplet. For example, to produce a blue dot, a 15
droplet of cyan ink and a droplet of magenta ink are expelled to the same
location of the print media. A black dot is made with a single droplet of
black ink. In order to ensure that the blue dot (or any other two-component
color) is not unacceptably large, the ink chambers and/or orifices of the
print head can be designed so that the black ink droplet is about twice as
large as the 20 droplets produced for the cyan, yellow and magenta inks.
Other important design considerations for ink-jet printers concern what is
known as turn-on energy or TOE. This refers to the amount of energy
required by a resistor for heating the ink in a chamber by an amount
sufficient to create a vapor bubble for expelling a droplet of ink. It is
desirable to 25 minimize the TOE, primarily to minimize the operating
temperature of the print head and avoid the problems associated with a high
operating temperature, such as the creation of air bubbles in the ink.
-3- 15 December 2003 Chamber refill tunes can b limiting factors as
respects the overall throughput of the printer because the frequency with
which the ink chamber can be refilled limits the frequency with which
droplets can be expelled. It is also important that the ink chamber and
connected channel are configured in 5 a a way such that flow of ink to
refill the chamber settles as quickly as possible bra that the ejected
droplet will not be affected by any wave action of the ink in the chamber.
One way to meet the above-noted design considerations is to modify the
shape of the orifices, ink chambers) and ink channels. In the past, the 10
barrier layer in which the chambers were formed was applied as a single
layer) having a uniform depth across the area of the print head. A
uniformdepth orifice plate was attached to the barrier layer. As a result,
one interest in modifying the shape of one chamber relative to another
chamber was limited to changing the length or width of the chamber.
Likewise) one 15 orifice size could be changed relative to another by
changing its diameter) but not its depth. The present invention extends the
options for ink-jet print head designers. The invention is directed to a
method for making the orifice plate of an ink-jet printer that defines both
the orifices and the ink chambers. The 20 orifice plate is constructed to
permit) in the same print head, one chamber to be deeper (as well as, if
desired, wider and longer) than another chamber that may be next to the
first chamber. Similarly) the channel delivering ink to the first chamber
may be configured to be deeper or shallower, as. needed) relative to
another channel on the print head. 25 The advantages of the present
invention are best considered in connection with a preferred embodiment of
an ink-jet cartridge that carries reservoirs of four color sets of ink:
cyan) yellow, magenta, and black. The chamber-, orifice-, and channel-shape
variations provided by the present invention can be made to one color set
of chambers, channels, and/or orifices   



15 December 2003 relative to another color set. For example, the ink
chambers associated with the black ink can be made deeper than the chambers
associated with the cyan ink. A preferred method for carrying out the
present invention uses a layer 5 of photoresist material as both the
orifice plate and barrier. That material is end with electromagnetic
radiation (such as UV light) in a way that varies) across the area of the
orifice piste, the intensity of the radiation to thus vary the depth of
polymeric cross-linking that occurs in the layer. This allows one to
select, via arrangement of exposure-controlling mask(s), different sizes of
10 the ink chambers, etc. in the same orifice piste. Other advantages and
features of the present invention will become clear upon study of the
following portion of this specification and the drawings. Brief Description
of the Drawings Fg. 1 is a perspective view of an ink-jet cartridge that
carries a print t5 head having an orifice plate formed in accordance with a
preferred embodiment of the present invention. Fig. 2 is an enlarged plan
view of a print head depicting an arrangement of four orifice sets that are
associated with four colors of ink carried in the cartridge. 20 Fig. 3 is
an enlarged cross sectional view of a print head as taken along line 3 - 3
of Fig. 2 and showing an orifice plate made in accordance with a preferred
embodiment of the present invention. Figs. 4 - 5 are diagrams showing
preferred steps undertaken in making an orifice plate in accord with the
present invention.   b- 15 December 2003 Fig 6 is a cross sectional diagram
showing another preferred embodiment of a print head and orifice piste made
in accordance with the present invention. Detailed Description of Preferred
Embodiments 5 With reference to Fig. 1, a preferred embodiment of the
prosnt invention is carried on an ink-jet cartridge 20. The cartridge 20
includes plastic body 22 that comprises liquid ink reservoirs for sparately
containing four supplies of ink: cyan, yellow) manta) and black ink. The
pen body 22 is shaped to have a downwardly extending snout 24. 10 A print
head 26 is attached to the underside of the snout 24. The print head is
formed with minute orifices from which are ejected ink droplets onto the
printing medium. 



As shown in Fig. 2) the orifices are arranged in sets of several individual
orifices: a cyan set 30) a yellow set 32, a magenta set 34) and a 15 black
set 36. Each set has conducted to it tip ink color associated with its
name. Fig. 2 depicts the outer surface of the print head) which is covered
by an orifice plate 40 (Fig. 3) formed in accordance with the present
invention, and described more fully below. It is noteworthy her) however,
that the term "orifice plate" is hereafter intended to mean a unitary
member that combines 20 into one layer the orifices, ink chambers (hence
eliminating a separate barrier layer)) and, in at least one embodiment)
channels of the print head. Fig. 3 shows a partial cross section of the
print head 26 as taken along line 3 - 3 of Fig. 2, thereby depicting one
orifice 42 of the set 36 of black orifices and one orifice 44 of the set 34
of magenta orifices. 25 The print head includes a substrate 48 that has a
silicon base 50, which is preferably a conventional silicon wafer upon
which has been grown an insulation layer, such as silicon dioxide. As
described in the prior art, such   -6- 15 December 2003 as US Patent No.
4,719,477) the substrate includes a layer of resistive material, such as
tantalum aluminum) portions 52 of which are individually connected by
conductive layers to traces on a flex circuit 54 (fig. 1 ) that is mounted
to the exterior of the cartridge 20. Those traces terminate in 5 contacts
56 that mate with like contacts on a printer carriage (not shown)) which in
turn is connected) as by a ribbon-type multi conductor) to the
microprocessor of the printer. Returning to Fig. 3) the individual portions
52 of the resistive layer) hereafter refrred to as resistors 52) are part
of what may be collectively 10 referred to as the control layer 58 of the
substrate 48) which includes passivation and other sub-layers as described,
for example) in US Patent 4,719,477. The orifice plate 40 is a unitary
member that is fixed to the control layer and includes for each orifice an
underlying ink chamber that is continuous with 15 the orifice, thus in
fluid communication with the orifice. Fig. 3 depicts a representative
"color' chamber 60 (connected to the magenta-ink reservoir), and a
representative "black" chamber 62 (connected to the black-ink reservoir).
The resistors 52 are selectively driven (heated) with a pulse of electrical
current. The heat from the resistor is sufficient to vaporize some of 2o
the ink in selected ones of the chambers 60, 62) thereby forcing a droplet
through the associated orifice 44, 42. A chamber is refilled after each
droplet ejection with ink that flows into the chamber through a channel
that connects with the corresponding reservoir of ink. One such "color"
channel 64 is shown in Fig. 3 connected with the 25 color chamber 60.
Another) "black," channel 66 is shown connected to the black chamber 62. As
will be described in connection with Fig. 6) the ink chambers may also be
filled and refilled via slots extending through the substrate 50 and
control layer 58) so chat channels in the orifice plate are not necessary
or provided.   _7_ 15 December 2003 The two chambers 60) 62 depicted in
Fig. 3 illustrate an important asps of the present invention. Specifically,
in order to address the deem considerations discussd above, the present
invention permits one to arrive at a unitary orifice plate 40 wherein one
(or more) ink chambers 60 may be 



5 deeper than another chamber 62 that is part of the same unitary orifice
plate. Put another way, one (or more) orifices 4a may be deeper than
another orifice 44 that is part of the same unitary orifice plate. In this
regard, depth is considered as measured in the vertical direction in Fig.
3, from the outer s. niece 68 of the orifice plate 40 toward the substrate
48. 10 In considering the depth of an orifice) it is useful to consider
that structure in terms of an annulus) which can be described as the
annular portion of the orifice plate that surrounds the orifice and
overlies the sseosefsd chamber. As shown in the cross section of Fig. 3,
one "color" annulus 70 is present in the volume of orifice plate material
that surrounds the 15 color orifice 44 and is between the dashed lines 72
that represent the upward projection of the underlying chamber 60.
Similarly) a "black" annulus 74 is depicted in the volume of orifice plate
material surrounding the black orifice 42 and is between the dashed lines
76 that represent the upward projection of the underlying chamber 62. 20
With reference to Fig. 3, the depth of the one channel 66 may be the same
as or greater than the depth of another channel 64 in the same orifice
plate 40. When considering channels, the depth dimension, although measured
vertically, is intended to mean the distance that the channel extends above
the substrate 48. ?5 While the foregoing description concerns orifices and
chambers that are generally cylindrical in shape, it is understood that the
orifices and connected chambers can be configured in any of a variety of
shapes. For instance, even if the orifice were cylindrical, the underlying
chamber could be square or rectangular (with rounded comers). As such, the
annular or   _8_ 15 December 2003 annulus portion discussed above would be
somewhat frame shaped. The term annulus, therefore, is not intended to be
limited to a particular annular or ring shape. It will be appreciated that
as between two orifices, chambers) or 5 channels the length (as measured
horizontally in Fig. 3) and width (measured in a direction normal to the
plane of Fig. 3) could be varied. The present invention) however) is
concerned with the variations in the depth dimensions across a single
orifice plate) as discussed above. This depth variability, either atone or
in combination with variable length and width dimensions, greatly 10
enhances the number of options available to one charged with the design of
a print head. For example) the ratio of the depth of a chamber to the
combined depth of the chamber and its associated orifice relates to the
volume of an ejected droplet, the length of the tail of the droplet, the
chamber refill time) and the time required for refilling the chamber after
a droplet is ejected. This 15 description now turns to one preferred method
of making a unitary orifice plate that has orifices, chambers and channels
of various depths. Referring first to Fig. 4) shown there is a segment of a
print head that generally matches the segment of Fig. 3) albeit prior to
complete processing of the segment of Fig. 4. In a preferred embodiment)
the production of orifice 20 plate 40 begins with a base layer of
photoresist material 80 that is applied over a substrate 48 that has been
fabricated as describe above. (Alternatively) the orifice plate could be
fabricated on a mandrel) removed and then bonded to a pre-fabricated
substrate.) In a preferred embodiment) the photoresist material 80 (Fig. 4)
25 comprises a photo-polymerizable epoxy resin known generally in the trade
as SU-8. One example is that available from MicroChem Corp. of Newton, MA
and sold under the name of SU8-10. It will be, appreciated, however, that
the orifice plate could comprise any of a number of negative photoresist
materials that become insoluble in developing solutions after exposure to
-9_ l5December 2003 



electromagnetic radiation, such as UV radiation in the range of 200 - 500
nanometers. The photoresist layer 80 is spun onto the substrate to a depth
"D" of about 20 um. Once applied) the layer 80 is exposed to UV radiation
through a 5 mask 82 that is pactmed such that the photoresist layer is
divided into at least three different types of regions. One region receives
no radiation as a result of radiation-blocking patterns 84, 86 on the mask
82. These patterns may comprise a thin layer of) for example) chromium. One
blocking pattern 84 is shaped to conform in plan view (that is, as viewed
in direction parallel to 10 the plane of Fig 4) with the diameter of the
relatively small-diameter color orifice 44. The other blocking pattern 86
matches, in plan view, the diameter of the black orifice 42. Surrounding
one blocking pattern 84 is an attenuating pattern 88 on the mask 82 for
attenuating the intensity of the source radiation. This pattern may 15 be,
for example) a thin layer of interference filter material or a thin,
absorbing film such as silver or a nickel, chromium, and iron alloy known
as inconel As a result, a relatively low-intensity annulus of radiation
reaches the surface 68 of the layer 80. This low-intensity radiation is
depicted as the arrows 90 in Fig. 4. 20 In the regions away from the
blocking patterns 84, 86 and the attenuating patterns 88 the full,
relatively high intensity of the source radiation reaches the surface 68 of
the layer. This high intensity radiation is depicted by the arrows 92 in
Fig. 4. The photoresist layer 80 undergoes polymeric cross-linking in the
25 regions subjected to the radiation. This cross-linking is depicted as
the double hatched areas in Fig. 4. More particularly, the regions
subjected to the high intensity radiation undergo cross-linking to a depth
"D2" that is relatively   -10- 15 December 2003 deeper than the depth "D1"
of cross-linking that ours in the regions s~ to the relatively lower
radiation. The magnitude of the low intensity radiation is selected so that
the depth of cross-linking penetration "D1" of the low-intensity regions
matches 5 the depth of the annulus 70 surrounding the color orifice 44.
Similarly, the magnitude of the high intensity radiation is selected so
that the depth of cross-linking penetration "D2" of the high-intensity
regions matches the design depth of the annulus 74 surrounding the black
orifice 42. Referring to Fig. 5) the photoresist layer 80 is next subjected
to high 10 intensity radiation that is directed to the layer through a mask
96 that is patterned to have blocking patterns 98,100 that overlie the
surface 68 of the of the layer and cover the parts of the layer 80 that
correspond to the orifices 44) 42 and annuli 70) 74. Put another way) the
blocking patterns 98, 100 correspond in plan view) to the shape of the ink
chambers 60, 62. 15 As shown in Fig. 5, the high-intensity radiation
employed in this step is selected to ensure that cross-linking occurs
throughout the entire depth "D" in the regions exposed to that radiation,
such as the regions between the ink chambers 60, 62. Once this exposure is
complete, the layer 80 is baked (at, for example, 95 for 30 minutes) and
developed in a conventional manner to 20 remove the remaining unexposed
portions of the layer) such as shown at 102 and 104. These unexposed
portions 102, 104 respectively correspond to the continuous color orifice
44 and chamber 60, and to the continuous black orifice 42 and chamber 62.
The development yields the unitary orifice plate 40 of the present
invention, including in the same member the variably 25 shaped orifices and
ink chambers. 



In instances where a channel such as shown at 64, Fig. 3 is desired, the
corresponding part of the mask 96 over the channel 64 is patterned with an
attenuating filter to permit a medium level of intensity to penetrate the
layer   - 1S December 2003 80 (F~. 5) and generate cross-linking to a depth
near; but less than "D" as selected by the print head designer. The
remaining unexposed portion is removed simultaneously with the unexposed
portions 102, 104 discussed above. In this way, channels of varying depths
in a single orifice plate can be 5 produced. Fig. 6 depicts an alternative
print head design wherein the function of the above described channels is
replaced with feed slots 264, 266 that are formed through the control layer
258 (which layer is otherwise like earlier deed layer 58). The feed slots
provide fluid communication with the 10 chambers, which are present after
the undeveloped regions 202 and 204 are reed) and associated conduits 265
and 267 etched into the silicon substrate 250. These conduits 265, 267 are
connected to respective colored and blade ink reservoirs in the cartridge.
It will be appreciated, therefore) that this embodiment does not require
channels to be formed in the photoresist 15 layer 280. That layer 280 is
otherwise processed in a manner as described above in connection with Figs.
4 and 5. While the present invention has been described in terms of a
preferred embodiment, it will be appreciated by one of ordinary skill that
the spirit and scope of the invention is not limited to those embodiments)
but extend io the 20 various modifications and equivalents as defined in
the appended claims.   12 15 December 2003 1. A method of making an orifice
plate (40), comprising the steps of: 5 providing on a substrate (48) a
layer (80) of photoresist material having an outer surface (68) and a
depth; exposing the photoresist layer to define at least two annular
portions (72, 76) that extend from the outer surface into the depth of the
layer in a manner such that the depth of one annular portion is greater
than the depth 10 of the other annular portion; removing parts of the layer
that are surrounded by the annular portions, thereby to define an orifice
(44, 42); and removing parts (102, 104) of the layer between the annular
portions and the substrate, thereby to define for each annular portion a
chamber (60, 15 62) that is continuous with the orifice of that annular
portion. 



2. The method of claim 1 wherein the exposing step includes the steps of
directing electromagnetic radiation (92) to the layer in a manner such that
the intensity of the radiation directed to one annular portion is 20
different from the intensity of the radiation directed to the other annular
portion. 3. The method of claim 2 including the step of providing a mask
(82) for reducing the intensity level of at least some of the radiation
that is 25 directed to the layer. 4. The method of claim 1 wherein the
removing steps include: exposing the entire depth of the photoresist layer
(80) in regions between the annular portions. 30 5. The step of claim 4
wherein the removing steps also include the step of developing the layer
(80) to remove unexposed portions (102, 104) of the layer.   13 15 December
2003 6. An orifice plate comprising: a base having an outer surface and
first and second chambers 5 formed therein, the base being shaped to define
first and second annular portions, each annular portion forming an orifice
extending between the outer surface and a respective one of the first and
second chambers, each orifice having a depth measured from the outer
surface to the respective chamber, the first annular portion being adjacent
to the first chamber and 10 the second portion being adjacent to the second
chamber; and wherein the depth of the first annular portion is greater than
the depth of the second annular portion. 7. The orifice plate (40) of claim
6 further comprising a first and 15 second channel (64, 66), wherein a
first channel is connected to the first chamber (60) and the second channel
is connected to the second chamber 



(62) and wherein the depth of the first channel is different from the depth
of the second channel. 20 8. The orifice plate (40) of claim 6 wherein the
base (80) is a unitary member. 9. The orifice plate (40) of claim 6 wherein
the base (80) comprises an exposed, baked and developed layer of
photoresist material. 25 10. The orifice plate (40) of claim 6 attached to
a substrate (48) that carries at least two heat transducers (52).
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