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required that iﬁa' the device be hydrophobically treated to inhibit the
i ngress of i Nk deirueEheesgpafinegrlites dsdnuretist hereipbyppsshidieknesf  manuf act ure of -
a noving nozzl e-type device is proposed where the need for hydrophobic
treatnent is obviated. SUMVARYcK#ROTND roMMENNENNOACCOrding to the

| nyent Ion, t h@Eﬁo-beﬁdﬂ%myﬁegﬁgzliﬁﬁog%h%wﬂi2,8%“35%9&11%0%onnIanuﬁiaun!:J} Ia<mémentg nozzle

pri nt hea%e&ﬁ}? SJIF ;1[ rpo(\)rmg r!oyz eldéilrlccla ip :gtuated by means of a magnetically responsive device for effecting displacement

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

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.

A method of manufacture of 2 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’-

providing a substrate; and
creating an array of nozzle assemblies on the substrate with a nozzle chamber in communication with a nozzle

opening of a nozzle of each nozzle assembly, the nozzle of each assembly being displaceable relative to the substrate for




the steps of: providing a substrate; and creating an array of nozzle
assenblies on the substrate with a nozzle chanber in communication with a
nozzl e opening of a nozzle of each nozzle assenbly, the nozzle of each
assenbly being displaceable relative to the substrate for EJ Mb3-SG 2

ef fecti ngumekseej ecti on on demand and t heynozzle assenbly including an
actuator unit connected to the nozzle and arranged externally of the
chanber for controlling displ acerrent of the nozzle. In this specification,
the term" ; an el emen nj.n no eni ng and
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"active" beamrddsitiepdio hdidbameUrrent i s caused to pass through the acti ve
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di agr anmatirehreghaed sergpsto faplitygiienlng of Fie gptiveeath, ishows a t hr ee di nensi onal ,
schematic view of a nozzl e assemidsyriroronay THBIORAGNGY | Nt head; Figures 2 to
4 show a t hr eereliiRBSi B Mborivd HNRTEB i it Wil@l b0 e il ARELAL ARLQL t he
nozzl e asgghbly of Figure 1; Figure 5 shows a three di rrensional view of a
nozzle array constituting an ink jet printhead; Figure 6 shows, on an

enl arged scal €,*"paPi™ ot femypt- SYerghe vy glinedigisopiiyfeninge sided a t hr ee

di mensi onal viféesgo 4ahpwis fhiee fimqusionpl seherimticibistaies ol zol progtion ofithe mozilassgublyrotFiguleigur es
8a to 8r show Fgre edovdk eadheamad vivi @¥BzzBhrg ta@fustig i iiheprmanf act ure of a
nozzl e assenblrgu®é suéi, oh Blentjrl scaldpat BLRGRH of Figlte CCOr dance wi th the invention;

Figures 9a to s%{;mﬂaawaé@ga; 894;@41 i gt ok iSO indo e STRDELAGL U I NG STeps;
ganoz & gua
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printhead, in accordance with the invention;

Figures 9a to 9r show sectional side views of the manufacturing steps;

Figures 10a to 10k show layouts of masks used in various steps in the manufacturing process;

Figures 11a to 11c show three dimensional views of an operation of the nozzle assembly manufactured according to
the method of Figures 8 and 9; and

Figures 12a to 12¢ show sectional side views of an operation of the nozzle assembly manufactured according to the
method of Figures 8 and 9.

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 phurality 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 assembiy 10 includes a silicon substrate or wafer 16 on which a dielectric Iayer 18 is deposited. A CMOS
passivation layer 20 is deposited on the diglectric layer 18,




Figures 11 a to | 1 ¢ show three dinensional views of an operation of the
nozzl e assenbly manufactured according to the nethod of Figures 8 and 9;
and Figures 12a to 12c show sectional side views of an operation of the
nozzl e assenbly manufactured according to the nethod of Figures 8 and 9.
DETAI LED DeSGRlI PTI ON OF THE DRAW NGS Referring initially to Figure 1 of the
drawi ngs, a nozzle assenbly, in accordance with the invention is designated
generally by the reference nurreral 10. An ink jet printhead has a plurality
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To facilitate close packing of the nozzle assemblies 10 in the rows 72 and 74, the nozzle assemblies 10 in the row 74
are offset or staggered with respect to the nozzle assemblies 10 in the row 72. Also, the nozzle assembiies 10 in the row 72 are
spaced apart sufficiently far from each other to enable the lever arms 26 of the nozzle assemblies 10 in the row 74 to pass
between adjacent nozzles 22 of the assemblies 10 in the row 72. It is to be noted that each nozzle assembly 10 is substantially
dumbbelf shaped so that the nozzles 22 in the row 72 nest between the nozzies 22 and the actuators 28 of adjacent nozzle
assemblies 10 in the row 74,




This causes an ejection of ink through the nozzle opening 24 as shown at 62
in Figure 3 of the drawi ngs. Wen the source of heat is renoved fromthe
active beam58, i.e. by stopping current flow, the nozzle 22 returns to its
gui escent position as shown in Figure 4 of the draw ngs. Wen the nozzle
22 returnambasd ts qui escent position, angink droplet 64 is fornmed as a
result of the breaking of an ink droplet neck as illustrated at 66 in
Figure 4 of the draw ngs The ink dropl et 64 then travels on to the print
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Approximately 0.5 microns of PECVD nitride is depositex 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 te 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.



One of the struts 86 has air inlet openings 88 defined therein. In use,
when the array 14 is in operation, air is charged through the inlet
openings 88 to be forced through the passages 84 together with ink
travelling through the passages 84. The ink is not entrained in the air as
the air i smsdesr ged t hrough the passages 84 at a different velocity from
that of the 1ink droplets 64. For exanple, the ink droplets 64 are ejected
fromthe nozzles 22 at a velocity of approxi rrately 3nmls. The air 1is

charged through,th SS s 84 at a velocity r oxi mat e s. The
pur pose of tho 817 ot BERERRTRAR B b SRR Il B P Pgb ey
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deposi teda(glggortzbe | ayer 18. Resist is spun on and the alum num 102 is
exposed to ma n v he. al um .n 102 ma et ched
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tenperature resist
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mask 110. In the next ste hown i n , a _second
sacrificial |dy8Fhgyso Ey"é%Pﬂs PR DY hiRing %Ygé‘f“ OPpoo-fesitiygipplyiife or ?Pr?f‘\“‘ﬁ‘fely 2.6um of
phot o- se n@ﬁhttwwﬂmfsyﬁ Piedpger 3R is edfibakeg, cxnptadhto Bewmagy 13@goghis bsoidereitred tyledbe B istandyfortibris gh
t enper at UdsehowEis Figike. 9k dite dvaidge IhrdudininSportiSd bt ke ths abudrieXQ AAGEC foQppidmbtetlchd -

After expRSUWE Lo RSk gager% gda% pegg,r 112 is devel oped. In the case of
the layer 112t ¢ e?%%l i - ﬁ}r 112 is hardbaked at 400C for

appr oxi mat el y ‘S8 (3“11%5]5’ Sﬁ?ﬁ@? siog, %h‘%hé(f}‘gg s mogups figlecfriglayerdlp2 is qeposited; Thejayprd Py ed at
gr eat er t feeshtShe @efoxpatelyd e efiliqrntitadeyr aymisurhesidy. Thofay@ 132 isvierositalyt aturlpériturd balyvethe
met al | ayerdbakdiGmpearuthon: sdepaRiytes, 1 2and, 1281 Tht finSry bhacy@istid 2GuibOb8: dh@icpassi ve
beam 60 ofz; Erbﬁﬁgh elastic modulus, chemical ineriness 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
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.



actuator 28. The layer 116 is formed by sputtering I, 000A of titanium
nitride (TiN) at around 300C foll owed by sputtering 50A of tantal um
nitride (TaN). A further 1,000A of TiNis sputtered on followed by 50A of
TaN and a further | ,000A of TiNN. Oher materials which can be used
‘instead ofumddsd are Ti B2, MoSi2 or (Ti, A;)N. The layer 116 is then exposed
to mask 118, devel oped and plasma etched down to the |ayer 112 whereafter
resist, applied for the layer 116, is wet stripped taking care not to

remove the CUVﬁﬂu&%&%&%mﬁgﬁe?&m%%%mﬂwa%ng%d%@&&%%h&h%Lmﬁé%%&l%go s
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exposed t aitridees fui@a nitififpda tespresreltlol fymrdbakel tanpaatpregétyehcofratiayerf B8.11 ywednbizshar d
baki ng. | n themheaseoofin Bokash bitd eawiteh) @ byRf is hRQroiGiyHaMmE bakada &fm 400C f or
appr ox [ na;nﬁloys ﬂps%tclhi@ﬂt"endglrto c?eg.r thc glEl&@tt: &dm aﬁl bﬁﬂ: Slg’tgcg g(céMlﬁe Ige vtahs%f tLeadYe {ric éagg 132ta.rﬁ

(0]
conpr I's es ﬁfﬁé& Ia e’rAl3§ 1s s Eh? rﬁzzﬁ%g 56 arou:id%hi nozgy p%nﬁ%% Whlch pmsp Rle I{]T{i]é(:lli Vlé Pse 116
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t he pol yi gisdes, or resist layer 120 whereafter resist applled for the |ayer
124 is met str e rempve t ed a ers 108, 112 or
120, It B o e e P
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har dbaked at or _appr oxi nat e our in the case of polyimde or at
greater than éb’ﬁltf’eiﬂ'i??"“‘?*eé y Rgfpons S)nge“é'ﬁlif\ﬂﬁﬁ‘h?‘ PPmEY rigHons gndigr modifietions maybeitgdede i gh
Young' s nisvetionss sheiveh bewpecifigenibedipepts wiont depsrtippelym e tpaitior scfifver thednyention 13 Radhs

const i t ut éshnitipy. Thqmpes@oembretinetsyireiRtcfe, tStiekdngdd@ad i bif résbect@as Dlbstralive lAd daLtEiOXd. de. The
layer 132 is deposited at a tenperature bel ow the hardbaked tenperature of
-the sacrificial layers 108, 112, 120, 128. The primary characteristics
~required for this dielectric Iayer 132 are a high elastic nodul us,

chemical inertness and good adhesion to TiN. A fifth sacrificial Iayer 134
“is applied by spinning on 2. mof photo-sensitive polyin de or approximately
1.3mof high tenperature resist. The layer 134 is softbaked, exposed to
mask 136 and devel oped. The remaining portion of the layer 134 is then

har dbaked at 400C for one hour in the case of the polyimde or at greater
than 300C for the resist. The dielectric layer 132 is plasma etched down to
the sacrificial layer 128 taking care not to renmove any of the sacrificial
| ayer 134. 1IJMb3-SG 6 This step defines the nozzle opening 24, the |ever
arm 26 and the anchor 54 of the nozzle assenbly 10. A high Young's nodul us
dielectric layer 138 is deposited. This layer 138 is forned by depositing
0.21limof silicon nitride or alumnumnitride at a tenperature bel ow the
har dbaked tenperature of the sacrificial |layers 108, 112, 120 and 128.

Then, as shown in Figure 8p of the drawings, the layer 138 is

ani sotropically plasma etched to a depth of 0.35 mcrons. This etch is
intended to clear the dielectric fromall of the surface except the side
wal l's of the dielectric layer 132 and the sacrificial layer 134. This step
creates the nozzle rim 36 around the nozzl e opening 24 which "pins" the
meni scus of ink, as



descri bed above. An ultraviolet (UV) release tape 140 is applied. 4m of
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 W
rel ease taps-senot shown) is applied to ayrear of the wafer 16 and the tape
140 is renoved. The sacrificial layers 108, 112, 120, 128 and 134 are
stripped in oxygen plasna to provide the final nozzle assenbly 10 as shown
in Figures 8r and 9r of the draw ng§gspinfase of reference, the reference
nunerals illustrated in these two drawi ngs are the sane as those in Figure
1 of the drawings to indicate the relevant parts of the nozzle assenbly 10.
Fi gures 11 and!: 12 “steeslgasdmbly fopyénk it irinhradpthe asskreblyvoprpitig: assenbl y 10,
manuf act ur ed ianoale qatichanoe instbhtraiche process descri bed above with reference
to Figures 8 Bk rnaBfhnthb&68add St SSopGRE £ BSRORHnkBofhIHL RS1ceahe, 4 Of the
draw ngs. thls II;OZZWbLilIlg dltgpqac% Ei§ted & ee sdbspa% f(g ngecSrig ni%( eJS jor|1 §ud th no é[ngeonzagn"}andt' hat .

nuner ous ¥%r|at|ons_an or no |P|cap|ons hay’ be nade T8 THE 'nvention as
shown in e specific enbodiments without departing fromthe spirit or
scope of the inweperiamRschY bt jpd cogredd toitisedzle. Thastgyr pentngedrvgotiinent s ar e,

t her ef or eof te @ozidechanba Sk atolinh disflacadeht of tRapAeEt S as il lustrative and not
restrictive. 1JM63-SG 7 THE CLAIMS 1. A nozzle assenbly for an ink jet
printhead, the, as ising: . a nozzle chanber. formed in a
substrate; a %?zz?gg§%¥%%g%§&g%h%ﬁéﬂgﬁﬁg?%é?%m?%QHQVFW%mE%EHMLning in fluid
comuni caf 81 WErEAe farRe: fubibitiog B inhibifing kealiges obik drom e noerle grawbsy s ah| e

rel ative t&orpat &ihpeylidefipiae hegpzzipdhingbert haighivitipgances extepding fiont thasesigte. t he openi ng on
demand; and an actuator arranged on the substrate and connected to the
nozzl e, the act uats@bsshl Rebrdi ARG kuB% LOpRRE him Bchld@ndIR%&hEmsRaNMDEr for

control | !ﬁgat&rkcﬁﬂltﬁe%%i@@t:antﬁ&eréd%hr@s?é&&tﬁeac tor.An assenbl y accor di ng FO, claim
1, wherein a part of the nozzle forns a first part of a wall defining the

nozzl e chanber, and an inhibiting nmeans for inhibiting | eakage of ink from
t he nozzl e chdnber’® PR accoxling elifd. Wept horaopiaa fyama begleaiti ng t he nozzle
chanber, the inhibiting neans extending fromthe substrate. 3. An assenbly
according to ol ai maissembiyictorimie toGIRIARY & bikiGe R PrkdNadnidboBlceRNREeS tisig t he nozzl e
and the QefUadwihg 8 itk alddf oPFHk EpalsSee@t i | evered with respect to the
actuator. 4. An assenbly according to claim1l, wherein the actuator is a
thermal bend actuator. 5. An assenbly according to claim4, wherein the

t hermal bend actuator incorporates at |east two beans, one being an active
beam and t he ot her being a passive beam




