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PRI NTHEAD FI ELD OF THE | NVENTI ON The present invention relates to printed
medi a pr odoaeioeassand in particular ink jet printers. BACRGRAINROTGs THE
INVENTION 5 Ink jet printers are a well-known and wi dely used form of
printed nedia production. Ink is fed to an array of digitally controlled
nozzles on a printhead. As the print head passes over the nedia, ink is
ejected fromthe arlré% of nozzles to produce an |mage on the nedia. Printer
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the damaged nozzle will simply leak ink onto the printed substrate. Both situations are detrimental
to print quality.
To address this, an apertured guard may be fitted over the nozzles to shield them against

damaging contact. Ink ejected from the nozzles passes through the apertures on to the paper or

25 other substrate to be printed. However, to effectively protect the nozzles, the apertures need to be
as small as possible to maximize the restriction against the ingress of foreign matter while still
allowing the passage of the ink droplets. Preferably, each nozzle would eject ink through its own
individual aperture in the guard. However, given the microscopic scale of MEMS devices, slight
misalignments between the guard and the nozzles will obstruct the path of the ink droplets.

30 Providing alignment formations on the silicon wafer substrate for engaging complementary
formations on the guard can align the nozzles and respective apertures to within 0.1um. However,
while attaching the guard to the substrate, movement of the complementary formations into

engagement with the alignment formations can damage the delicate nozzle structures.



WD 02/ 062583 PCT/ AU02/ 00066 -2- SUMVARY OF THE | NVENTI ON Accordi ngly, the
present invention provides a nethod of fabricating a printhead for an ink
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trajectory of ink ejected from the nozzles onto the media.

20 Preferably, etching plasma is injected through one or more of the apertures in the nozzle
guard to release the sacrificial material protecting the nozzles, the released sacrificial material and
etching plasma flushing out through the apertures in the nozzle guard.

In one embodiment, the etching plasma is oxygen plasma and the sacrificial material is
polyimide. In this embodiment, it is desirable to provide an inorganic seal between the alignment

25 formation and the complementary formation.

The substrate may be a silicon wafer. The nozzle guard may have a shield containing the
apertures, the shield being spaced from the silicon substrate by integrally formed struts extending
from the shield for engagement with the alignment formations. In one convenient form, the
alignment formations are ridges on the silicon substrate positioned to engage the struts to maintain

30 the apertures in alignment with the nozzle array.

The alignment formations necessarily use up a proportion of the surface area of the
printhead, and this adversely affects the nozzle packing density. The extra printhead chip area
required for the same number of nozzles will add to the cost of manufacturing the chip. However,
where assembling the printhead and the nozzle guard is not likely to be sufficiently accurate,

35 interengaging formations on the substrate and the guard will reduce the nozzle defect rate.
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way of exZeHidustpartisles, By forming fhesa r‘t“bs“f“i?é ‘E&&Sﬁﬁ’&ﬁ%ﬁ HTHRISHRAYE i n whi ch:
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BRIEF DESCRIPTION OF THE DRAWINGS
20 Preferred embodiments of the invention are now described, by way of example only, with
reference to the accompanying drawings in which:-
Figure 1 shows a three dimensional, schematic view of a nozzle assembly for an ink jet
printhead;
Figures 2 to 4 show a three dimensional, schematic illustration of an operation of the nozzle
25 assembly of Figure 1;
Figure 5 shows a three dimensional view of a nozzle array constituting an ink jet printhead
with a nozzle guard or containment walls;
Figure 5a shows a three dimensional sectioned view of a printhead with a nozzle guard and
containment walls;
30 Figure 5b shows a sectioned plan view of nozzles taken through the containment walls
isolating each nozzle;
Figure 6 shows, on an enlarged scale, part of the array of Figure 5;
Figure 7 shows a three dimensional view of an ink jet printhead including a nozzle guard

without the containment walls;



30 Figure 5b shows a sectioned plan view of nozzles taken through the
contai nnment walls isolating each nozzle; Figure 6 shows, on an enl arged
scal e, pawbD afotsBe array of Figure 5; Figure 7 shows a thwrea/Adioamossonal
view of an ink jet printhead including a nozzle guard wthout the
contai nment walls; WD 02/ 062583 PCT/ AU02/ 00066 -4 Figure 7a shows an
enl arged partial perspective of an ink jst print head with alignnent
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t he nozzl Eb'%isésag%ﬂjow manuf act ured according to the method of Figures 8 and
9; and Fi gur esFigas 8o B2 shostimae dipehsionblicss ofsteps evtbe minudartwpefraatozdn of t he

nozzl e assenb 15 panufactyred according to the nethod of Figures 8 and
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desi gnated gengrally b he reference nuneral 10. An ink jet printhead has
oot Bl ey O ot Joad A0 Ent esBiet St thet Buvarigos dtbs g el 'ca s "and
6) on a siptdcéson substrate 16. The 20 array 14 will be described in greater
detail bel ow {"[,he af emﬂ% 10 i ncl.udes silicon substrate orlwafe 116 on
whi ch a di el ectgpes ‘%;f% sgoy dhreqdimesiqnal yiews eradion of, the pozglejassemblyy o g
deposi t ed nfufadiGred h@bRIGigltd the hdytd ofl Biguka€mdWzdd € assenbly 10 includes a
nozzle 22 defining a nozzc!jg openi nq ﬁ4 a connecting _nenber in the form of
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25 2 to mﬁufaa_arééi@cc&%ing/é@thsmemabﬂpigﬁ@as;&rdgdet ail in Figures 2 to 4, the
nozzl e 22 conprises a crown portion 30 w.th a skirt portion 32 dependi ng

fromthe crown portion 30, The skirt portion 32 fornms part of a
DETAILED DESCRIPTION OF THE DDRAWINGS
Referring initially to Figure 1 of the drawings, a nozzle assembly, in accordance with the
invention is designated generally by the reference numeral 10. An ink jet printhead has a plurality
of nozzle assemblies 10 arranged in an array 14 (Figures 5 and 6) on a silicon substrate 16. The
20 array 14 will be described in greater detail below.
The assembly 10 includes a silicon substrate or wafer 16 on which a dielectric layer 18 is
deposited. A CMOS passivation layer 20 is deposited on the dielectric layer 18.
Each nozzle assembly 10 includes a nozzle 22 defining a nozzle opening 24, a connecting
member in the form of a lever arm 26 and an actuator 28. The lever arm 26 connects the actuator
25 28 to the nozzle 22,
As shown in greater detail in Figures 2 to 4, the nozzle 22 comprises a crown portion 30
with a skirt portion 32 depending from the crown portion 30. The skirt portion 32 forms part of a
peripheral wall of a nozzle chamber 34. The nozzle opening 24 is in fluid communication with the
nozzle chamber 34. It is to be noted that the nozzle opening 24 is surrounded by a raised rim 36
30 which "pins" a meniscus 38 (Figure 2) of a body of ink 40 in the nozzle chamber 34.
An ink inlet aperture 42 (shown most clearly in Figure 6 of the drawings) is defined in a
floor 46 of the nozzle chamber 34. The aperture 42 is in fluid communication with an ink inlet

channel 48 defined through the substrate 16.



peri pheral wall of a nozzle chanber 34. The nozzle opening 24 is in fluid
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meni scus 38 (Figure 2) of a body of ink 40 in the nozzle chanber 34. An ink
inlet aperture 42 (shown nost clearly in Figure 6 of the drawings) is
defined in a floor 46 of the nozzle chavwer 34. The aperture 42 is in
fluid conmmunication with an ink inlet channel 48 d Iyl ned t hrough. the
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first ends anchored to 54 and t hej ends connected to
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whi ch there |s no 20 current flow, does not expand at the sane rate, a
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Thi s causes_an ejection of_ ink through the nozzle opening 24 as shown at
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to the prlnt medi a SUC as a of paper. a resu
3. This causes an ejection of ink through the nozzle opening 24 as shown at 62. When the source of

heat is removed from the active beam 58, i.e. by stopping current flow, the nozzle 22 returns to its
quiescent position as shown in Figure 4. When the nozzle 22 returns to its quiescent position, an
25 ink droplet 64 is formed as a result of the breaking of an ink droplet neck as illustrated at 66 in
Figure 4. The ink droplet 64 then travels on to the print media such as a sheet of paper. As a result
of the formation of the ink droplet 64, a "negative" meniscus is formed as shown at 68 in Figure 4
of the drawings. This "negative" meniscus 68 results in an inflow of ink 40 into the nozzle
chamber 34 such that a new meniscus 38 (Figure 2) is formed in readiness for the next ink drop
30 ejection from the nozzle assembly 10.
Referring now to Figures 5 and 6 of the drawings, the nozzle array 14 is described in greater
detail. The array 14 is for a four color printhead. Accordingly, the array 14 includes four groups
70 of nozzle assemblies, one for each color. Each group 70 has its nozzle assemblies 10 arranged

in two rows 72 and 74. One of the groups 70 is shown in greater detail in Figure 6.
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silicon substrate 16 l#o t he undersi de an apertured nozzle guard 80 to
form a coAtcammedaie a eodgipragnt formation surrounding each nozzle assembly 10. The containment
* formation is a containment wall 144 surrounding the nozzle 22 and extending from the silicon
substrate 16 to the underside of an apertured nozzle guard 80 to form a containment chamber 146.
25 If ink is not properly ejected because of nozzle damage, the leakage is confined so as not to affect
the function of surrounding nozzles. It is also envisaged that each containment chamber 146 will
have the ability to detect the presence of leaked ink and provide feedback to the microprocessor
controlling the actuation of the nozzle array 14. Using a fault tolerance facility, the damaged can
be compensated for by the remaining nozzles in the array 14 thereby rriaintaining print quality.
30 The containment walls 144 necessarily occupy a proportion of the silicon substrate 16 which
decreases the nozzle packing density of the array. This in turn increases the production costs of the
printhead chip. However where the manufacturing techniques result in a relatively high nozzle

attrition rate, individual nozzle containment formations will avoid, or at least minimize any adverse

effects to the print quality.
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m cr o- mac mierpmpchising ysinENEM Scle¢hniqyesedisc$sed inseseater detailybelew ayrelgbongplthepel ow i n
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the inlet openings
In use, when the array 14 is in operation, air is charged through the inlet openings 88 to be

forced through the apertures 84 together with ink traveling through the apertures 84.
The ink is not entrained in the air as the air is charged through the apertures 84 at a different
25 velocity from that of the ink droplets 64. For example, the ink droplets 64 are ejected from the
nozzles 22 at a velocity of approximately 3m/s. The air is charged through the apertures 84 at a
velocity of approximately 1m/s.
The purpose of the air is to maintain the apertures 84 clear of foreign particles. A danger
exists that these foreign particles, such as dust particles, could fall onto the nozzle assemblies 10
30 adversely affecting their operation. With the provision of the air inlet openings 88 in the nozzle
guard 80 this problem is, to a large extent, obviated.
The alignment between the apertures 84 and the nozzles 22 is crucial. However, the
microscopic scale of MEMS devices makes precise positioning of the guard 80 over the nozzles
difficult. As shown in Figure 7a, the silicon wafer or substrate 16 can be provided with alignment

35 formations such as ridges 148 for engaging the free ends of the struts 86. If the sacrificial material
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86. As shown in Figure 7b,_ the nozzles 22 can 15 be encased in sacrificial

material 152 fBefepmgmaw e EiguighB 1o 109f the grayripgsgmpraeass for BanufactyringdheA10@zle i xed

to the ridgRmbild8oifek&edng the Figure 7c, once the guard 80 is in place,
t he grot ective sacrificial material 152 is released by an oxygen pl asna

et ch2454 and r 8iepipgdvithiihetilifen sehstratpldy thy dislecigie layeRkd is deropitpd o sidecEphilie es 8

t18 10 Sf tﬂ?et;qg.a%m&ectﬁc RYQ 48 5Sin MR forREM A Ao kittatef}01.§ RRrBIRBELOD ARRENDI | es
I'S aescri ped.
Resist is spun on to the layer 18 and the layer 18 is exposed to mask 100 and is subsequently

developed.
After being developed, the layer 18 is plasma etched down to the silicon layer 16. The
25 resist is then stripped and the layer 18 is cleaned. This step defines the ink inlet aperture 42.

In Figure 8b of the drawings, approximately 0.8 microns of aluminum 102 is deposited on
the layer 18. Resist is spun on and the aluminum 102 is exposed to mask 104 and developed. The
aluminum 102 is plasma etched down to the oxide layer 18, the resist is stripped and the device is
cleaned. This step provides the bond pads and interconnects to the ink jet actuator 28. This

30 interconnect is to an NMOS drive transistor and a power plane with connections made in the
CMOS layer (not shown).

Approximately 0.5 microns of PECVD nitride is deposited as the CMOS passivation layer
20. Resist is spun on and the layer 20 is exposed to mask 106 whereafter it is developed. After
development, the nitride is plasma etched down to the aluminum layer 102 and the silicon layer 16

35 in the region of the inlet aperture 42. The resist is stripped and the device cleaned.
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112 whereafter resist, applied for the layer 116, is wet stripped taking care not to remove the cured
layers 108 or 112.
A third sacrificial layer 120 is applied by spinning on 4 um of photo-sensitive polyimide or
approximately 2.6 um high temperature resist. The layer 120 is softbaked whereafter it is exposed
25 to mask 122. The exposed layer is then developed followed by hard baking. In the case of
polyimide, the layer 120 is hardbaked at 400°C for approximately one hour or at greater than 300°C
where the layer 120 comprises resist.
A second multi-layer metal layer 124 is applied to the layer 120. The constituents of the
layer 124 are the same as the layer 116 and are applied in the same manner. It will be appreciated
30 that both layers 116 and 124 are electrically conductive layers.
The layer 124 is exposed to mask 126 and is then developed. The layer 124 is plasma
etched down to the polyimide or resist layer 120 whereafter resist applied for the layer 124 is wet
stripped taking care not to remove the cured layers 108, 112 or 120. It will be noted that the

remaining part of the layer 124 defines the active beam 58 of the actuator 28.
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temperature of the sacrificial layers 108, 112, 120 and 128.

Then, as shown in Figure 8p of the drawings, the layer 138 is anisotropically plasma etched
to a depth of 0.35 microns. This etch is intended to clear the dielectric from the entire surface
except the side walls of the dielectric layer 132 and the sacrificial layer 134. This step creates the

25 nozzle rim 36 around the nozzle opening 24 which "pins” the meniscus of ink, as described above.

An ultraviolet (UV) release tape 140 is applied. 4pum of resist is spun on to a rear of the
silicon wafer substrate 16. The wafer substrate 16 is exposed to mask 142 to back etch the wafer
substrate 16 to define the ink inlet channel 48. The resist is then stripped from the wafer 16.

A further UV release tape (not shown) is applied to a rear of the wafer substrate 16 and the

30 tape 140 is removed. The sacrificial layers 108, 112, 120, 128 and 134 are stripped in oxygen
plasma to provide the final nozzle assembly 10 as shown in Figures 8r and 9r of the drawings. For
ease of reference, the reference numerals illustrated in these two drawings are the same as those in
Figure 1 of the drawings to indicate the relevant parts of the nozzle assembly 10. Figures 11 and 12

show the operation of the nozzle assembly 10, manufactured in accordance with the process
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16. A further UV rel ease tape (not shown) is applied to a rear of the wafer
substrate 16 and the 30 tape 140 is renoved. The sacrificial |ayers 108,
112, 120, 128 and 134 are stripped in oxygen plasma to provide the final
nozzl e assenbly 10 as shown in Figures 8r and 9r of the drawi ngs. For ease
of reference, the reference nunerals illustrated in these two drawi ngs are
the sanme as those in Figure 1 of the drawings to indicate the rel evant
parts of the nozzle assenbly 10. Figures 11 and 12 show the operation of
the nozzl e assenbly 10, manufactured in accordance with the process WO

02/ 062583 PCT/ AU02/ 00066 -11 descri bed above with reference to Figures 8
and 9 and these figures correspond to Figures 2 to 4 of the drawings. It
will be appreciated by persons skilled in the art that nunerous variations
and/ or nodifications my be made to the invention as shown in the specific
enbodi nents without 5 departing fromthe spirit or scope of the invention
as broadly described. The present enbodinents are, therefore, to be
considered in all respects as illustrative and not restrictive. WO

02/ 062583 PCT/ AU02/ 00066 -12- CLAIMS 1. A nethod of fabricating a
printhead for an ink jet printer, the printhead including: a substrate
carrying an array of nozzles for ejecting ink onto nedia to be printed; and
an apertured nozzle guard to inhibit damagi ng contact with the nozzles, the
met hod



5 conprising the steps of: form ng the nozzles on the substrate using

mat eri al etching and deposition techni ques such that the nozzles are

rei nf or cedobp/oszssi ficial nmaterial; positioning the apert wcaduvenaiee guar d
over the exterior of the nozzles such that its apertures are in close
registration with the nozzles; and subsequently, 10 etching away the
sacrificial material reinforcing the nozzles. 2. A nethod according to
Claim1 erein alignment formations are fornmed on the substrate, the

al i gnnent I ions being configured for engagenent w th conplenentary

f or mat i ond: onAtpeshodpf &abrigating apepthead feramrink jelpaves; the Prnbpad Evlidingbet ween t he

al i gnment o Ry ORS Aol e POMloERAbAI b O RBA AR iR b ld andl

apertures in close reg |strat|on W t nozzl es such t e guard does
not obstruct am@enmewmzzletgnuajdé@mbrby damagingkconfaetovithdhe nezates, ithe mathod| es ont o
the nedia t ccording to Caiml wherein etching plasma is
i nj ect ed t%lﬁ% Aq%q%n%e%grﬁnore of the apertures in the nozzle guard to
rel ease the salmungnlm ezzlesainghe mbstptmtsmgmiatﬁgiatd’ldlinmi demsitibh echniglegawkd

sacrifici mat er and. et ¢chi ushing out through the apertures
in the no?’zfthen%iesmrﬂnfo%e&gy glf‘ﬁm% ggeélglr "ding to G aim3 wherein the

et ching pl as rraosntmnmgyl@peipeqnlrasmmﬂa@uhrd ber tieagteiibd of ittel nopAdsencethatiits apeotuyes m de.
5. A nethod.accord ﬂgt %r&f’ 1 e{ielbn an norganl c seal is provided

bet ween t A& BFCTAREHEY BERHENSHIS R PHECWSHEr ement ary formation 25 6. A
met hmd accor dbtﬁmngmﬁtﬁdmﬂﬁdmataﬁlrlﬂlkh&)rﬁh@ﬁlbhaizﬁs.i s asilicon wafer. 7. A
met hod accgordin erein the nozz| uard h el

Cont ai ni g t hé Teiedaceriics o GRTLEy e BitRE R BaRba o prpRonhs Tgrte.

subst r at e tHeylipitheRgforhitioné BuinPnfifured for apgagyﬂﬁmngith doimprntehRrySiBinttigns drthe
engagenent with the alignpent formations. . 8. A nethod according to Caim
7 wher ei napgsgregnp P8Rt i ons are ridges on the silicon 30 substrate

positioned tOegAgkEat bodfech i blignrhéht f&inmoixk Ehdth@ccﬁﬂﬁé’rﬁdﬂfa%sfohﬂatﬁhé KWMRRE W th
the nozzle array. 9. A nethod according 1 wherein the nozzle

guar B f ur epRERres thlefeé@lsﬁmmwvmqhepozzksbgwh Htjéthﬁ gharfoes At qbgtryct e aormt ough

the passaqgﬁmo %fldﬁ*éje@ie&fr%ﬁﬁh@ﬁﬁzizl@séﬂ%mémfe@iﬁe' gn particles on the nozzle
array. 35 nmet hod according to Claim9 wherein the fluid inlet
openi ngs ér e Aﬁnqtlpggl ag¢qrdjpgto Claim 1 wherein etching plasma is injected through one or more of
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4. A method according to Claim 3 wherein the etching plasma is oxygen plasma and the
sacrificial material is polyimide.
5. A method according to Claim 4 wherein an inorganic seal is provided between the alignment
formation and the complementary formation
25 6. A method according to Claim 1 wherein the substrate is a silicon wafer.
7. A method according to Claim 6 wherein the nozzle guard has a shield containing the
apertures, the shield being spaced from the silicon substrate by integrally formed struts extending
from the shield for engagement with the alignment formations. .
8. A method according to Claim 7 wherein the alignment formations are ridges on the silicon
30 substrate positioned to engage the struts to maintain the apertures in alignment with the nozzle
array. '
9. A method according to Claim 1 wherein the nozzle guard further includes fluid inlet
openings for directing fluid through the passages, to inhibit the build up of foreign particles on the
nozzle array.

35 10. A method according to Claim 9 wherein the fluid inlet openings are in the struts.



