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BACKGROUND TO THE INVENTION
30 Our co-pending US patent application serial no. 09/112,835 discloses a method of manufacture of a moving nozzle
generally. Such a moving nozzle device is actuated by means of a magnetically responsive device for effecting displacement

of the moving nozzle and, in so doing, to effect ink ejection.

A problem with this arrangement is that it is required that parts of the device be hydrophobically treated to inhibit the

ingress of ink into the region of the actuator.

35 A method of manufacture of a moving nozzle-type device is proposed where the need for hydrophobic treatment is

obviated.
SUMMARY OF THE INVENTION

According to the invention, there is provided a method of manufacture of an ink jet printhead, the method including

the steps of:-

40 providing a substrate; and
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obvi ated. SUMVARY OF THE | NVENTI ON According to the invention, there is
provi ded a net hod of manufacture of an inkjet printhead, the nethod

i ncl udi ngvovheosgd eps of : 40 providing a substrate; and REETT/ARUBDGSHEET WO
01/ 89840 PCT/ AU00/ 00579 -]a creating an array of nozzle assenblies on the
substrate with a nozzle chanber in comunication with a nozzle opening of
a nozzl e of each nozzle assenbly, the nozzle of each assenbly being

di spl aceabl e relative to the substrate_fipr effecting ink ejection on
demand and the nozzle assenbly including an actuator unit connected to the
nozzl e and arranged externally of the chanber for controllin dlsplacenent
of the nozzIeCmﬁﬁﬁhmﬁhﬁ§”@ﬁéﬁwéﬁEaFﬁﬁﬁ?wWﬂ@“%@?%?mﬁ8£?wﬁm“W§W f

under st ooglengofamzed cearmbzzickedinii, ihgpoals ofsplmicnyy taingHisplestable iativep pfubiite fort sel f |
Pr ef er abl erectu{gth eJEEBJnthmijl &l RS 1cGHhaall inf1glinG @laduadr uhiBdgnnkryed 1 Sk mgzlqphdanaged

monol i th &quaﬂﬁgsm 2 forLdn&m%( sg*mqt oﬁmm@& chi ng processes. RE~1' | FYED

SHEET WO 01/ 89840 et had may, 1 nelud
for mi 9 mul ti rl ss}Secg:r{cFll the § rm noz%rl%llsttoal‘)ﬁuengeljst yas?)rﬁzlcm ntede Sn{,l%)stélg.lt e n'(l)'heO%etﬁghod may

i ncl ude fis¥fi ng |ntegrated drive el ectronics on the sane substrate. The

i ntegrat ed dr iPegragy, dehahohinades crerpng sdia@rdy by yregblangs inprglitic NG fititsraphicapg ctshine
process. heassrethod may include formng a first part of a wall defining the
chanber froma part of the nozzle and a second 5 part of the wall from an

i nhi biting neans, which inhibits | eakage of ink fromthe chanber, the

i nhibiting means extending from the substrate. Mdre particularly, the

nmet hod may i nclude, by deposition and etching processes, formng the
inhibiting means to extend fromthe substrate. The nmethod may i ncl ude

i nterconnecting the nozzle and the actuator unit by nmeans of an arm such
that the nozzle is cantilevered with respect to the actuator unit. 10 The
actuator unit may be a thermal bend actuator and the nethod may i ncl ude
formng the actuator fromat |east two beans, one being an active beam and
the other being a passive beam By "active" beamis neant that a current is
caused to pass through the active beamfor effecting thermal expansion
thereof. In contrast, the "passive" beam has no current flow therethrough
and serves to facilitate bending of the active beam in use. BRIEF
DESCRI PTI ON OF THE DRAW NGS
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15 The invention is now described by way of exanple with reference to the
acconpanyi ng diagranmatic drawings in which: Figure 1 shows a three

di mensi oved p1/8iemat i ¢ vi ew of a nozzle assenbly for an i PET/ABD/STNt head;
Figures 2 to 4 show a three dinensional, schematic illustration of an
operation of the nozzle assenbly of Figure 1; Figure 5 shows a three

di nensi onal view of a nozzle array consiituting an ink jet printhead; 20
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; Fi gur@&heg e pgghod maydpciy ff"ﬁ’f“é@“‘Eﬂ‘%ﬁ@?“bﬂ‘é‘llta’\?‘fuﬂw sFuEPEpPs i n t he

manuf act ur e Bk method orvzihadelgrmapiplegrategifdriggleqtrpriics prethe sanpsibgitata.cBhe integrafedali c oledtames e
Wit h t heay vaveaitt bsfa CROYtireBionbocdsd) 9r show sectional side views of the

manuf act ur i Nehe ELtﬁB §1ay 12:’§Jd4: i’org\ %Qﬁrst:bglaof ; Wil J}kamgstnaqmn!béxgrys Eart Qtf themlg §t1d y&G)qd In
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sect i onadensfraghehevibans. of an operati on of the nozzle assenbly nmanufactured
accordi ng t OTlIe Rahod %}t 1Me 1ﬁ)ttrcoﬁﬁegl-ﬂ%:ﬁ§no§lem%e getuamnl%mnggl% PESERhh LN THE
DRAW NG5 cantllevererulh (s;l) | Q) thte Iac?uator%m% lgure of the draw ngs, a nozzl e
assenbly, 1 n_accor ANCE he invention is designated generally by the
ref & ence nuHErHPOEHt mafe 3 thirma) Repd appatontng @a'ae“ﬁ&@ayg‘%geﬁﬁﬂam ‘E’V‘C‘&*Fm Agz3 e Yé“ two
assemnbl pewss, &r@ beine preacigyebkarn md g othenkeina p pageiye tedm. ByFictyg'thesn ibman tha@)curmrt isgavgddkoi con
subst r apas thbugh thdverivabear sor cktdorivd thekmab&paclits rertbdpElfl contfhstghice prste” bk, i ho chiehiaw  The

assenbl y. 1fl,] mhm&%f@m@m L0003 Ralhala, . Wafer 16 on which a dielectric
| ayer 18 i's 5

eposited. 20 i s deposited on the
diel ectric layer 18. Each r¥§%‘i‘%§g‘§§m@‘tﬁ@?‘?@%ﬁﬁés a nozzle 22 defining
a néZzl e opeRieimyEngon is ngw deesried Bt ianef cxr@pibwith rgfereneershefagrompapying diagrimaiedraginghip 6 and
an act uatiex- 28. The | ever arm 26 connects the actuator 28 to the nozzle 22.
As shown in gélﬁeatsﬂ)nvs gﬁrtetﬁimllenioﬂal F&hgﬁhﬁ&ﬁew%firgzzé as@écmbiy Iﬂ)@arﬂﬁk@é’t‘brﬂﬂl&d the nozzle 22

g(l’)gpwlr‘ll [Sjgft ?Oﬁguéeé %_ reovtv!g fe?’ ({3 mensmnfl schemaz 11¥s¥ratlonD o?gntolPe?al?lor%)%the noE)z?e ass?.lmr!)gyaF El% 1} hg f a

nozzl e chanb@?“‘eé&h°wﬂf)‘hr€°|f’i"’§f&?°é‘§ vigw ‘tfé“°&Z‘eo°'f‘ayt°1’f€“"ﬂ‘f‘%ﬂﬂn‘“h@fé‘)““‘ el“l‘le nozzl e opening
24 RB% in f| uFighreSopme ni 2 atlirgsthscyis, par of thearryofEidue Schanber 34. It is to be WO
01/ 89840 PCTHAIIHRODH e dlme&loﬂmleudofmm]etbmeaamzdl@aaﬁﬂmuﬁg 24 is surrounded

b y ar al S ed Fléul;& gﬁ@o WO\Q eree Elng]l%onaﬂlewi&’ Lt&)QH the %ﬁxutgﬂreg)lflg r%zz?e)assﬁ-xbly%f RQ& et of ink

40 in ei)qozz e cha 34. An in | et aperture 42 (shown nost clearly
in Fi guPrg‘ & o‘fac‘f"F?é“C‘a‘?‘g\}\'leH‘é“)“t“ins defined in a floor 46 of the nozzle chanber
34. The aper Yigprea9240r phaw pegtiopd gide liewsofhmandagtiingserii th an i nk i nl et channel 48
def Rhied t hr oEigikes toh @ 16ushetlsyatsef dks uld il vanals kiepd Dt maffaSOinpPocesels t he aperture

42 and ext englgures WA M showl thrQMindeiBnal 4iQ bt apQ)ErEtiopé} af @)ZZ]J&QS@m@)in‘IJn;faCQQH Ecl:&cﬂng%z , as
the method of Figures 8 and 9; and

Figures 12a to 12c show sectional side views of an operation of the nozzle assembly manufactured according to the
method of Figures 8 and 9.
30 DETAILED DESCRIPTION OF THE DRAWINGS
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 ink array 14
(Figures 5 and 6) on a silicon substrate 16. The array 14 will be described in greater detail below.
The assembly 10 inctudes a silicon substrate or wafer 16 on which a dielectric layer 18 is deposited. A CMOS
35 passivation layer 20 is deposited on the dielectric layer 18.
Each nozzle assembly 12 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 28 to the nozzle 22.
As shown in greater detail in Figures 2 to 4 of the drawings, 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

40 (Figures 2 to 4 of the drawings). The nozzle opening 24 is in fluid communication with the nozzle chamber 34. It is to be



i ndi cated above, of the nozzle 22 defines a first part of a peripheral wall
of the nozzle chanber 34 and the wall portion 50 defines a second part of
t he peri pheoassswal | of the nozzle chanber 34. The wal |l 50rémavanotsmnar dl y
directed lip 52 at its free end which serves as a fluidic seal which
inhibits the escape of ink when the nozzle 22 is displaced, as wll be
described in greater detail below It wll be appreciated that, due to the
10 viscosity of the ink 40 and the small dinensions of the spacing bet ween

the lip 52 and the skirt portion 32, the inwardl ecte
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72 and Zlﬂﬂbbeﬁ %&d Q)Ql?agtlle%ozgl%s 22§n tI?ellJRﬁ;Z ﬁcgttbiet@leL %e nozzles 22 and the actuators 28 of adjacent nozzle

assemblies 10 in the row 74.

Further, to facilitate close packing of the nozzles 22 in the rows 72 and 74, each nozzle 22 is substantially
hexagonally shaped.
40 It will be appreciated by those skilled in the art that, when the nozzles 22 are displaced towards the substrate 16, in

use, due to the nozzle opening 24 being at a slight angle with respect to the nozzle chamber 34 ink is ejected slightly off the



hexagonal | y shaped. 40 It will be appreciated by those skilled in the art
that, when the nozzles 22 are displaced towards the substrate 16, in use,
due to twonogwhe openi ng 24 being at a slight angle w t hrerape@eosto t he
nozzl e chanber 34 ink is ejected slightly off the WO 01/89840
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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 interconnect is to an NMOS drive transistor and a power plane with connections made in the CMOS layer
(not shown).

35 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 in the region of the inlet aperture 42. The resist is stripped and the device cleaned.

A layer 108 of a sacrificial material is spun on to the layer 20. The layer 108 is 6 microns of photo-sensitive
polyimide or approximately 4 um of high temperature resist. The layer 108 is softbaked and is then exposed to mask 110
40 whereafter it is developed. The layer 108 is then hardbaked at 400°C for one hour where the layer 108 is comprised of

polyimide or at greater than 300°C where the layer 108 is high temperature resist. It is to be noted in the drawings that the



| ayer 18 is cleaned. This step defines the ink inlet aperture 42. 30 In
Figure 8b of the draw ngs, approximately 0.8 mcrons of alum num 102 is
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exposed to mask 104 and devel oped. The al um num 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 inierconnects to the ink jet actuator
28. This interconnect is to an NMOS drive transistor and a pomer pl ane with

connections nmade in wn) . 35 r QX
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where the | a?sesPoij ﬁl%ra %F (f\ Awing é@ghs‘{ou modulus dielectric layer 132 is deposited. The layer 132 is

30 constituted by approximately 1um of silicon nitride or aluminum oxide. The layer 132 is deposited at a temperature below the

hardbaked temperature of the sacrificial layers 108, 112, 120, 128. The primary characteristics required for this dielectric layer
132 are a high elastic modulus, chemical inertness and good adhesion to TiN.

A fifth sacrificial layer 134 is applied by spinning on 2um of photo-sensitive polyimide or approximately 1.3um of
high temperature resist. The layer 134 is softbaked, exposed to mask 136 and developed. The remaining portion of the layer

35 134 is then hardbaked at 400°C for one hour in the case of the polyimide or at greater than 300°C for the resist.

The dielectric layer 132 is plasma etched down to the sacrificial layer 128 taking care not to remove any of the
sacrificial layer 134.

This step defines the nozzle opening 24, the lever arm 26 and the anchor 54 of the nozzle assembly 10.

A high Young's modulus dielectric layer 138 is deposited. This layer 138 is formed by depositing 0.2um of silicon

40 nitride or aluminum nitride at a temperature below the hardbaked temperature of the sacrificial layers 108, 112, 120 and 128.



A second multi-layer netal layer 124 is applied to the |ayer 120. The
constituents of the layer 124 are the sane as the 20 layer 116 and are
appl i ed wobvhgessanme manner. It will be appreciated that bepChAUayes? 116 and
124 are electrically conductive |ayers. The layer 124 is exposed to mask
126 and is then devel oped. The | ayer 124 is plasma etched down to the
polyimde or resist layer 120 whereafter resist applied for the layer 124
is wet stripped taking care not to renove the cured |layers 108, 112 or

120. It will_be noted that the remainin art of the |ayer 124 deflnes the
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har dbaked at " ¥B6¢PP! a‘°8‘?¥é’“Ff’6ifF““idh“ ‘P"H‘g ‘hg e A 15@?’9‘]" QTP 8t gt 8 LE er
t hans 300@nfiqypes shdwe i teespegific empddiments witheut departing frogythespiftdpscdpg of e ipsartienatetadd down t o
t he sacudsdribai ae ple@ptembodid&istad tlieRBreQ@be@onSi@dred inQll Fe@BMMEIBMYivehd bftatricwacr i fi ci al
| ayer 134. This step defines the nozzle opening 24, the |ever arm 26 and
t he anchor 54 of the nozzle assenbly 10. A high Young's nodul us dielectric
| ayer 138 is deposited. This layer 138 is forned by depositing 0.2m of
silicon 40 nitride or alumnumnitride at a tenperature bel ow the
har dbaked tenperature of the sacrificial layers 108, 112, 120 and 128. WO
01/ 89840 PCT/ AUO0/ 00579 -6 Then, as shown in Figure 8p of the draw ngs,
the layer 138 is anisotropically plasma etched to a depth of 0.35 mcrons.
This etch is intended to clear the dielectric fromall of the surface
except the side walls of the dielectric layer 132 and the sacrificial
| ayer 134. This step creates the nozzle rim 36 around the nozzle opening 24
whi ch "pins" the neniscus of ink, as described above. 5 An ultraviol et
(W) release tape 140 is applied. 4mof resist is spun on to a rear of the
silicon wafer 16. The wafer 16 is exposed to mask 142 to back etch the
wafer 16 to define the ink inlet channel 48. The resist is then stripped
fromthe wafer 16. A further UV rel ease tape (not shown) is applied to a
rear of the wafer 16 and the tape 140 is renoved. The sacrificial |ayers
108, 112, 120, 128 and 134 are stripped in oxygen plasma to provide the
final nozzle assenbly 10 as shown in



10 Figures 8r and 9r of the drawi ngs. For ease of reference, the reference
nunerals illustrated in these two drawings are the sane as those in Figure
1 of thewioausssgs to i ndicate the relevant parts of the nperA®o@msenbly 10.
Figures 11 and 12 show the operation of the nozzle assenbly 10,
manuf actured in accordance with the process descri bed above with reference
to Figures 8 and 9 and these figures <brrespond to Figures 2 to 4 of the
drawings. It will be appreciated by persons skilled in the art that
nuner ous vari ations and/ or nndifica%ﬁge y be made to the 15 invention
as shown in the specific enbodi nents wthout departing fromthe spirit or
scope of thel i nventtiopef marufapprgefat Wk et ganthesd; thrapgthodpprludipg eS@Riet enhodi ment s ar e,
t herefore, tpovlaegcomsdclaned in all respects as illustrative and not
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t he nozZB* A" P& KA UHE O Mt By heans “of™an arm such that the nozzle
is éantil eveted Themphad elkGhie  inpvpich thiactuptor 13 fs @ therpp) pend acpgjorgand ippichiper hod of
Cl ai m 1metpd whibdehfotmimg thagtueiertron atlpast tvo b@msork beéng aredctivb eepralang it etbet img 2 and 1 n whi ch
the nmepladvdAcl udes formng the actuator fromat |east two beans, one
bei ng an active beam and the other being a passive beam




