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(57) ABSTRACT 

An inkjet printhead includes at least one support structure. 
Aplurality of noZZle arrangements are positioned on the, or 
each, support structure. Each noZZle arrangement includes a 
noZZle chamber de?ning structure that is positioned on the 
substrate and that de?nes a noZZle chamber. The noZZle 
chamber de?ning structure includes a roof that de?nes an 
ink ejection port that is in ?uid communication With the 
noZZle chamber. All the noZZle arrangements are positioned 
in an aligned, side-by-side manner on the, or each, support 
structure so that the ink ejection ports of the noZZle arrange 
ments are positioned substantially rectilinearly along a 
length of the, or each, support structure. The noZZle arrange 

(30) Foreign Application Priority Data ments are each dimensioned so that a distance betWeen 
consecutive ink ejection ports is less than, or equal to, 42 

Mar. 25, 1998 (AU) ............................................ .. PO2592 microns. 
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HIGH-DENSITY INKJET NOZZLE ARRAY FOR AN 
INKJET PRINTHEAD 

FIELD OF THE INVENTION 

[0001] This invention relates to an inkjet printhead. More 
particularly, this invention relates to an inkjet printhead that 
includes a high-density array of noZZle arrangements. 

REFERENCED PATENT APPLICATIONS 

[0002] This application is a continuation-in-part applica 
tion of US. application Ser. No. 09/112,767. The following 
patents/patent applications are incorporated by reference. 

6,227,652 6,213,588 6,213,589 6,231,163 6,247,795 
09/113,099 6,244,691 6,257,704 09/112,778 6,220,694 
6,257,705 6,247,794 6,234,610 6,247,793 6,264,306 
6,241,342 6,247,792 6,264,307 6,254,220 6,234,611 
09/112,808 09/112,809 6,239,821 09/113,083 6,247,796 
09/113,122 09/112,793 09/112,794 09/113,128 09/113,127 
6,227,653 6,234,609 6,238,040 6,188,415 6,227,654 
6,209,989 6,247,791 09/112,764 6,217,153 09/112,767 
6,243,113 09/112,807 6,247,790 6,260,953 6,267,469 
09/425,419 09/425,418 09/425,194 09/425,193 09/422,892 
09/422,806 09/425,420 09/422,893 09/693,703 09/693,706 
09/693,313 09/693,279 09/693,727 09/693,708 09/575,141 
09/113,053 09/855,094 09/854,762 09/854,715 09/854,830 
09/854,714 09/854,703 09/855,093 09/854,815 09/854,825 
09/864,377 09/864,380 09/900,178 09/864,379 09/864,378 
09/864,334 09/864,332 09/864,343 09/864,342 09/866,786 
09/874,757 09/900,174 09/900,1 60 09/900,175 09/900,177 
09/900,159 09/900,176 09/922,274 09/922,275 YU133Us 
YU134Us YU135Us YU136Us YU137Us YU138Us 
YU139Us 09/922,105 YU149US YU1 64US YU167US 
YU178US YU179US 09/575,108 09/575,109 09/575,110 
09/607,985 09/607,990 09/607,196 09/606,999 

[0003] Some applications are temporarily identi?ed by 
docket numbers. The docket numbers Will be replaced by the 
corresponding USSN When available. 

BACKGROUND OF THE INVENTION 

[0004] As set out in the above referenced applications/ 
patents, the Applicant has spent a substantial amount of time 
and effort in developing printheads that incorporate micro 
electromechanical system (MEMS)—based components to 
achieve the ejection of ink necessary for printing. 

[0005] As a result of the Applicant’s research and devel 
opment, the Applicant has been able to develop printheads 
having one or more printhead chips that together incorporate 
up to 84 000 noZZle arrangements. The Applicant has also 
developed suitable processor technology that is capable of 
controlling operation of such printheads. In particular, the 
processor technology and the printheads are capable of 
cooperating to generate resolutions of 1600 dpi and higher 
in some cases. Examples of suitable processor technology 
are provided in the above referenced patent applications/ 
patents. 

[0006] Common to most of the printhead chips that the 
Applicant has developed is a component that moves With 
respect to a substrate to eject ink from a noZZle chamber. 
This component can be in the form of an ink-ejecting 
member that is displaceable in a noZZle chamber to eject the 
ink from the noZZle chamber. Instead, this component can be 
in the form of a structure that de?nes an ink ejection port and 
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that is displaceable With respect to the substrate to reduce 
and subsequently enlarge a noZZle chamber so that a result 
ant ?uctuation in ink pressure results in an ejection of ink 
from the noZZle chamber, through the ink ejection port. 

[0007] The Applicant has managed to achieve the high 
resolution mentioned above by developing noZZle arrange 
ments that are suf?ciently small and suitably arranged on a 
Wafer substrate so that, When each noZZle arrangement is 
actuated to eject a drop of ink, the required resolution is 
achieved. 

[0008] As is described in the above referenced patents/ 
patent applications, the printhead chips are the product of an 
integrated circuit fabrication process. As is Well knoWn in 
this ?eld, a primary goal of chip manufacturers is to develop 
chips that use as little chip real estate as possible. The reason 
for this is that chip real estate is extremely expensive. It 
folloWs that it has also been a goal for the Applicant to 
achieve a printhead chip that uses a minimal amount of chip 
real estate. The above referenced matters include noZZle 
arrangements Where the Applicant has succeeded in making 
substantial savings in chip real estate. Up until the present 
invention hoWever, the Applicant has faced substantial dif 
?culties in achieving the necessary high density of noZZle 
arrangements, While still saving real estate. 

[0009] The Applicant has conceived the present invention 
to achieve a printhead chip that is con?gured so that a 
substantial saving in chip real estate can be made While still 
retaining a suitable noZZle density. 

SUMMARY OF THE INVENTION 

[0010] According to the invention, there is provided an 
inkjet printhead that comprises 

[0011] 
[0012] a plurality of noZZle arrangements that are 

positioned on the, or each, support structure, each 
noZZle arrangement including a noZZle chamber 
de?ning structure that is positioned on the substrate 
and that de?nes a noZZle chamber, the noZZle cham 
ber de?ning structure including a roof that de?nes an 
ink ejection port that is in ?uid communication With 
the noZZle chamber, Wherein 

[0013] all the noZZle arrangements are positioned in 
an aligned, side-by-side manner on the, or each, 
support structure so that the ink ejection ports of the 
noZZle arrangements are positioned substantially rec 
tilinearly along a length of the, or each, support 
structure and the noZZle arrangements are each 
dimensioned so that a distance betWeen consecutive 
ink ejection ports is less than or equal to 42 microns. 

at least one support structure; and 

[0014] The invention is noW described, by Way of 
eXample, With reference to the accompanying draWings. The 
folloWing description is not intended to limit the broad scope 
of the above summary. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] 
[0016] FIG. 1 shoWs a schematic plan vieW of a printhead 
chip developed by the Applicant; 

In the draWings, 
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[0017] FIG. 2 shows a schematic plan vieW of a thermal 
bend actuator of a nozzle arrangement of the printhead chip 
of FIG. 1; 

[0018] FIG. 3 shows a schematic plan vieW of a printhead 
chip, in accordance With the invention, for an inkjet print 
head; 
[0019] FIG. 4 shoWs a schematic plan vieW of a thermal 
bend actuator of a noZZle arrangement of the printhead chip 
of FIG. 3; 

[0020] FIG. 5 shoWs a schematic vieW of a back surface 
of a Wafer substrate of the printhead chip of FIG. 3; and 

[0021] FIG. 6 shoWs a three dimensional vieW of a noZZle 
arrangement of the printhead chip of FIG. 3. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] In FIG. 1, reference numeral 10 generally indicates 
a schematic plan vieW of part of a printhead chip, shoWing 
a noZZle arrangement layout that the Applicant has used to 
achieve the necessary high resolution. The printhead chip 10 
is not in accordance With this invention. The purpose of 
shoWing the printhead chip 10 is to illustrate the substantial 
chip real estate savings that are achieved With the present 
invention. This is best done by setting out a description of an 
embodiment of a printhead chip that has been developed by 
the Applicant. This embodiment is regarded as suitable in 
itself for achieving high resolutions. Applicant submits that 
this serves to emphasiZe the advantages of the present 
invention. 

[0023] The chip 10 is capable of generating images With a 
resolution of up to 1200 dpi. 

[0024] Each noZZle arrangement of the chip 10 is indicated 
at 12. The dimensions shoWn in the draWings are in microns. 
Thus, each noZZle arrangement 12 is generally rectangular 
and has a length of 63 microns. 

[0025] The noZZle arrangements 12 are positioned in tWo 
roWs 14 on a silicon Wafer substrate 11 so that a distance 
betWeen centers of consecutive ink ejection ports 18 is 
approximately 42 microns. The roWs 14 are staggered With 
respect to each other. Thus, When a print medium moves 
relative to the chip 10 in the direction indicated by an arroW 
16, an effective distance betWeen ink drops ejected on to the 
print medium can be as little as 23 microns. This takes into 
account the fact a certain amount of clearance is required 
betWeen consecutive noZZle arrangements 12. 

[0026] It Will be appreciated that a Width of the printhead 
chip 10 is tWice 63 microns, namely 126 microns. It folloWs 
that approximately 2650 microns squared of chip area (42 
divided by 2 and multiplied by 126 and rounded to the 
nearest 10) is required in order to achieve a column of ink 
dots on the print medium. 

[0027] Each noZZle arrangement 12 can readily be 
replaced by any of a number of the noZZle arrangements 
described in the above referenced applications/patents. 
Applicant submits that this Would not alter the dimensions 
set out here to any signi?cant extent. 

[0028] This particular noZZle arrangement 12 has an active 
ink-ejecting member 20 that is positioned on a substrate and 
is connected to a thermal bend actuator 22 that drives the 
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active ink-ejecting member toWards and aWay from the 
substrate. This movement results in a ?uctuation of ink 
pressure Within a noZZle chamber de?ned by the active 
ink-ejecting member 20 and a resultant ejection of a drop of 
ink from the ink ejection port 18 de?ned in a roof 24 of the 
active ink-ejecting member 20. 

[0029] The thermal bend actuator 22 includes an actuator 
arm 26 that is of a conductive material and de?nes an active 
portion 30 and a passive portion 32. The active portion 30 
de?nes a heating circuit that is connected to drive circuitry 
in the substrate With a pair of active anchors 28. The passive 
portion 32 is connected to the substrate With a pair of passive 
anchors 34. 

[0030] The anchors 28, 34 are aligned along a proximal 
end 36 of each noZZle arrangement 12. The active anchors 28 
are positioned betWeen the passive anchors 34. This is a 
convenient con?guration since it permits the actuator arm 26 
to have a simple structure. Simplicity of shape is important 
in integrated circuit fabrication because of the high cost per 
basic structure When manufacturing a mask set. It folloWs 
that an intuitive approach Would be to simply align the 
anchors 28, 34 as shoWn in FIG. 2 so that the actuator arm 
includes four substantially identical elements 38. 

[0031] The elements 38 of the active portion 30 are 
positioned further from the substrate 11 than the elements 38 
of the passive portion 32. Thus, When the active portion 30 
is heated, the actuator arm 26 experiences differential ther 
mal expansion that causes the actuator arm 26 to bend 
toWards the substrate 11. Thus, the active ink ejection 
member 20 is also driven toWards the substrate 11. When the 
active portion 30 cools, the actuator arm returns to a 
quiescent condition causing the active ink ejection member 
20 to be driven aWay from the substrate 11. This reciprocal 
movement of the active ink ejection member 20 results in a 
?uctuation of ink pressure Within the noZZle chamber so that 
ink is ejected from the ink ejection port 18. 

[0032] In FIG. 3, reference numeral 50 generally indicates 
a printhead chip, in accordance With the invention, for an ink 
jet printhead. 

[0033] The printhead chip 50 includes an elongate Wafer 
substrate 52. A plurality of noZZle arrangements 54 is 
positioned on the Wafer substrate 52. 

[0034] Each noZZle arrangement 54 is generally rectangu 
lar in plan vieW With a proximal end 56, a distal end 58 and 
a pair of opposed sides 60. Detail of one of the noZZle 
arrangements 54 is shoWn in FIG. 6. 

[0035] Each noZZle arrangement 54 includes an active ink 
ejection member 62. The active ink ejection member 62 
includes a roof 64 and sideWalls 66 that extend from the roof 
64 toWards the substrate 52 to de?ne a noZZle chamber 68. 
The roof 64 de?nes an ink ejection port 70. The active ink 
ejection member 62 is displaceable toWards and aWay from 
the substrate 52 so that a resultant ?uctuation in ink pressure 
Within the noZZle chamber 68 causes an ejection of an ink 
drop from the ink ejection port 70. 

[0036] Each noZZle arrangement 54 includes a thermal 
bend actuator 72 that is connected to the active ink ejection 
member 62 to drive the active ink ejection member 62 
toWards and aWay from the substrate 52 to eject ink drops 
from the ink ejection port 70. 
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[0037] The thermal bend actuator 72 is connected to a 
number of anchor formations in the form of a pair of passive 
anchors 74 and a pair of active anchors 76. The pair of active 
anchors 76 are positioned adjacent the proximal end 56 of 
the noZZle arrangement 54. The active anchors 76 are in 
alignment With each other across a Width of the noZZle 
arrangement 54. The pair of passive anchors 74 is interposed 
betWeen the active anchors 76 and the active ink ejection 
member 62. The passive anchors 74 are in alignment With 
each other across a Width of the noZZle arrangement 54. 
Further, each active anchor 76 is in alignment With a 
respective passive anchor 74 along a length of the noZZle 
arrangement 54. 

[0038] The thermal bend actuator 72 includes an actuator 
arm 78 that extends from the anchors 74, 76 toWards the 
active ink-ejecting member 62. The actuator arm 78 is of a 
conductive material that has a coefficient of thermal expan 
sion that is such that the material is capable of expansion and 
contraction upon heating and subsequent cooling to an 
extent that is suf?cient to alloW the material to perform Work 
on a MEMS scale. 

[0039] The actuator arm 78 includes a pair of active 
portions 80 and a pair of passive portions 82. The active 
portions 80 are connected to the active anchors 76 While the 
passive portions 82 are connected to the passive anchors 74. 
The active anchors 76 are con?gured so that the active 
portions 80 make electrical contact With a CMOS layer 
positioned in the Wafer substrate 52 through the active 
anchors 76. The portions 80, 82 are interconnected at distal 
ends With a bridging portion 84. Thus, the active portions 80 
and part of the bridging portion 84 de?ne an electrical 
heating circuit. 

[0040] The actuator arm 78 is shaped so that the passive 
portions 82 are interposed betWeen part of the active por 
tions 80 and the substrate 52. It folloWs that, When the active 
portions 80 are heated as a result of a current passing 
through the active portions 80, the actuator arm 78 is bent 
toWards the substrate 52 as a result of differential thermal 
expansion. Upon subsequent cooling of the active portions 
80, the actuator arm 78 returns to a quiescent condition. This 
reciprocal movement of the actuator arm 78 serves to drive 
the active ink ejection member 62 toWards and aWay from 
the substrate so that an ink drop is ejected from the ink 
ejection port 70. 

[0041] The printhead chip 50 is con?gured to generate text 
and images having a resolution of 1200 dpi (dots per inch). 
Furthermore, as can be seen in FIG. 3, the noZZle arrange 
ments 54 are arranged in an aligned, side-by-side manner so 
that the ink ejection ports 70 extend rectilinearly along a 
length of the substrate 52. It folloWs that a distance betWeen 
consecutive ink ejection ports 70 is approximately 21 
microns. It can therefore be deduced that a Width of each 
noZZle arrangement 54 is also approximately 21 microns or 
slightly less, since clearance betWeen consecutive noZZle 
arrangements 54 should be taken into account. A length of 
each noZZle arrangement is approximately 84 microns. It 
folloWs that, for a column of ink dots on a print medium 
moving in the direction of an arroW 86 shoWn in FIG. 3, 
1770 microns square of chip real estate is required. As set 
out above, the printhead chip 10 requires 2650 microns 
square of chip real estate in order to achieve a column of ink 
dots. It folloWs that a cost saving of over 30 percent can be 
achieved With the printhead chip 50. 
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[0042] In order to achieve such a cost saving, the applicant 
has had a number of difficulties to address. These dif?culties 
have made it counter-intuitive to design the printhead chip 
of this invention. These dif?culties are primarily associated 
With the narroWness of the noZZle arrangement 50. 

[0043] One of the signi?cant dif?culties is the anchor 
formation con?guration. With the noZZle arrangement 12, 
the anchors 28, 34 are simply positioned in alignment With 
each other on the substrate 11. As set out above, this is a 
logical Way of doing this since it simpli?es the structure of 
the thermal actuator 22. HoWever, this con?guration Would 
not be feasible With the noZZle arrangement 54. It folloWs 
that the Applicant has devised the con?guration shoWn in 
FIGS. 4 and 6 in order to keep the noZZle arrangement 54 
as narroW as possible. 

[0044] Another dif?culty Which Would make the con?gu 
ration of FIG. 3 counter-intuitive is the fact that each noZZle 
arrangement is required to be fed With ink via an inlet 
channel 88 de?ned through the substrate 52 (FIG. 5). In 
general the Wafer substrate 52 can be in the region of 300 
microns thick. Considering the fact that each noZZle arrange 
ment 54 is only in the region of 21 microns thick a person 
of ordinary skill in the art Would appreciate that this presents 
an extremely difficult etching task. Applicant submits that 
the printhead chip 10 provides an opportunity for an etching 
task that is substantially easier due to the required larger 
spacing betWeen consecutive ink inlet channels 88. 

[0045] The Applicant has found that the noZZle arrange 
ment 54 is particularly suited to accommodating the required 
dimensions. One of the reasons for this is that the noZZle 
chamber 68 has a length dimension that is over 3 times a 
height dimension. Furthermore, an opening of the ink inlet 
channel 88 is positioned adjacent a proximal end of the 
noZZle chamber 68 While the ink ejection port 70 is posi 
tioned proximate a distal end of the noZZle chamber 68. This 
con?guration results in the displacement of the thermal 
actuator 72, as described above, being ampli?ed at a distal 
end of the active ink-ejecting member 62, thereby facilitat 
ing ef?cient ink drop ejection. Furthermore, the relative 
dimensions of the noZZle chamber 68 retard a How of ink 
from the ink ejection port 70 to the ink inlet channel 88 While 
the ink drop is ejected. This How is knoWn as back?oW and 
is undesirable. It folloWs that the active ink-ejecting member 
62 has a simple structure, since further components are not 
required to achieve these advantages. This is important When 
fabricating the noZZle arrangements 54 on the narroW scale 
of this invention. 

[0046] The Applicant believes that this invention provides 
a means Whereby a substantial saving in chip real estate can 
be made While not compromising required noZZle arrange 
ment density. 

We claim: 
1. An inkjet printhead that comprises 

at least one support structure; and 

a plurality of noZZle arrangements that are positioned on 
the, or each, support structure, each noZZle arrangement 
including a noZZle chamber de?ning structure that is 
positioned on the substrate and that de?nes a noZZle 
chamber, the noZZle chamber de?ning structure includ 
ing a roof that de?nes an ink ejection port that is in ?uid 
communication With the noZZle chamber, Wherein 
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all the nozzle arrangements are positioned in an aligned, 
side-by-side manner on the, or each, support structure 
so that the ink ejection ports of the noZZle arrangements 
are positioned substantially rectilinearly along a length 
of the, or each, support structure and the noZZle 
arrangements are each dimensioned so that a distance 
betWeen consecutive ink ejection ports is less than or 
equal to 42 microns. 

2. An inkjet printhead as claimed in claim 1, Which 
includes at least one printhead chip that incorporates a Wafer 
substrate that de?nes the, or each, support structure, the 
noZZle arrangements being a product of an integrated circuit 
fabrication technique carried out on the Wafer substrate. 

3. An inkj et printhead as claimed in claim 2, in Which each 
noZZle arrangement is in the form of a micro electrome 
chanical structure. 

4. An inkjet printhead as claimed in claim 3, in Which the 
noZZle arrangements are each dimensioned so that a distance 
betWeen consecutive ink ejection ports is less than or equal 
to 32 microns. 

5. An inkjet printhead as claimed in claim 4, in Which the 
noZZle arrangements are each dimensioned so that a distance 
betWeen consecutive ink ejection ports is less than or equal 
to 22 microns. 

6. An inkj et printhead as claimed in claim 5, in Which each 
noZZle arrangement is generally rectangular When vieWed in 
plan, having a Width that is less than or equal to 22 microns 
and a length that is less than or equal to 65 microns, each 
noZZle arrangement having a proximal end, a distal end and 
a pair of opposed sides. 

7. An inkj et printhead as claimed in claim 6, in Which each 
noZZle chamber de?ning structure is in the form of an active 
ink ejection member having sideWalls and de?ning the roof, 
the active ink ejection member being displaceable toWards 
and aWay from the substrate so that a subsequent ?uctuation 
in ink pressure Within the noZZle chamber results in the 
ejection of ink from the ink ejection port. 

8. An inkj et printhead as claimed in claim 7, in Which each 
noZZle arrangement includes an actuator that is connected to 
the active ink ejection member to displace the active ink 
ejection member toWards and aWay from the substrate. 

9. An inkjet printhead as claimed in claim 8, in Which the 
actuator is in the form of a thermal bend actuator and each 
noZZle arrangement includes at least one anchor formation 
that is fast With the Wafer substrate to extend from the Wafer 
substrate, the thermal bend actuator being ?xed to the, or 
each, anchor formation at a position spaced from the Wafer 
substrate and connected to a CMOS layer on the Wafer 
substrate With one or more anchor formations to receive 
electrical pulses from the CMOS layer. 

10. An inkjet printhead as claimed in claim 9, in Which 
each noZZle arrangement includes tWo or more anchor 
formations that are spaced from each other along a length of 
the noZZle arrangement to accommodate a Width of the 
noZZle arrangement. 

11. An inkjet printhead as claimed in claim 10, in Which 
the thermal bend actuator includes an actuating arm that is 
connected betWeen the anchor formations and the active ink 
ejection member, the actuating arm being de?ned by an 
active portion and a passive portion, the active portion 
de?ning an electrical heating circuit that is connected to the 
CMOS layer and the actuating arm including a bridging 
portion that interconnects the active and passive portions, 
the passive portions being positioned closer to the substrate 
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than the active portions, the actuator arm being of a material 
that has a coef?cient of thermal expansion Which is such 
that, upon heating and subsequent cooling the material is 
capable of expansion and contraction to an extent suf?cient 
to do Work on a MEMS scale, so that, When the active 
portion is heated more than the passive portion, resultant 
differential expansion of the actuating arm causes the actu 
ating arm to bend toWards the substrate, thereby driving the 
active ink ejection member toWards the substrate and When 
the active portion cools, resultant contraction of the active 
portion causes the actuating arm to return to a quiescent 
condition, thereby driving the active ink ejection member 
aWay from the substrate. 

12. An ink jet printhead as claimed in claim 11, in Which 
each noZZle arrangement includes a pair of passive anchor 
formations and a pair of active anchor formations, the pair 
of active anchor formations being positioned adjacent the 
proximal end of the noZZle arrangement and the pair of 
passive anchor formations being interposed betWeen the 
active anchor formations and the active ink ejection mem 
ber. 

13. An inkjet printhead as claimed in claim 12, in Which 
the pair of passive anchor formations and the pair of active 
anchor formations are positioned so that one passive anchor 
formation is aligned With a respective active anchor forma 
tion longitudinally With respect to the sides of the noZZle 
arrangement. 

14. An inkjet printhead as claimed in claim 8, in Which a 
plurality of ink inlet channels are de?ned through the 
substrate, each ink inlet channel opening into a correspond 
ing noZZle chamber. 

15. An inkjet printhead as claimed in claim 14, in Which 
the sideWalls and roof of each noZZle chamber de?ning 
structure are such that a length of the noZZle chamber is at 
least three times a height of the noZZle chamber. 

16. An inkjet printhead as claimed in claim 15, in Which 
the actuator of each noZZle arrangement is connected to the 
active ink ejection member at a proximal end of the noZZle 
chamber, With the ink inlet channel being positioned adja 
cent a proximal end of the noZZle chamber and the ink 
ejection port being positioned adjacent a distal end of the 
noZZle chamber. 

17. Aprinthead chip for an inkjet printhead, the printhead 
chip comprising 

a Wafer substrate; and 

a plurality of noZZle arrangements that are positioned on 
the Wafer substrate, each noZZle arrangement including 
a noZZle chamber de?ning structure that is positioned 
on the substrate and that de?nes a noZZle chamber, the 
noZZle chamber de?ning structure including a roof that 
de?nes an ink ejection port that is in ?uid communi 
cation With the noZZle chamber, Wherein 

all the noZZle arrangements are positioned in an aligned, 
side-by-side manner on the Wafer substrate so that the 
ink ejection ports of the noZZle arrangements are posi 
tioned substantially rectilinearly along a length of the 
Wafer substrate and the noZZle arrangements are each 
dimensioned so that a distance betWeen consecutive ink 
ejection ports is less than or equal to 32 microns. 


