WO 03/106180 PCT/ AU02/ 01061 NOZZLE GUARD FOR A PRI NTHEAD FI ELD OF THE

| NVENTI ON This invention relates to ink jet printheads. Mdre particularly,
the inv E)i gn relates to an ink jet printhead having at |east one

print heg\% Hilpo¥Bhat i ncludes a nozzle guard to protect tReErSHéRI061
BACKGROUND TO THE | NVENTI ON As set out in the material incorporated by
reference, the Applicant has devel oped 10 ink jet printheads that can span
a print nediumand incorporate up to 84 000 nozzle assenblies. These

print heads includes a n er of printhead chips. The printhead chips

i ncl ude ni cro- el ect r oneNA&ZdEE £Uﬁﬂﬁ)&ﬁ0R\/}AiRRmmﬁEgﬂbl y act on ink to
eject ink from the printhead chips. Such conponents are delicate and
require careful handling to avoid 15 damage. Applicant has conceived a
means for%@ﬂi@mm. SUMVARY OF THE | NVENTI ON According to the
I nvention thereﬂgggprovi deﬁjﬁéan ink jet printhead which conprises 20 at

| east one print VERTIQR Teipkes todwlpjet EEthaadsanG)rewh&bl@lygfheqn@nwbﬁll.élg%s of
nozzbe artoan@sern Fitd t he er. substrate, each nozzle
arrangenment havi ngﬁrﬁtggﬁ %d%%t%ée)érgt A Ervéﬁg?‘?ﬁl Ci\“Pr Baringlares 3 hotzlalpidrde a

nozzl e clP&MBelthapipa nozzl e opening in fluid comunication with said nozzle
25 chanber; and an actuator that is operatively arranged wth respect to
each nozzle arrangenent to eject ink fromsaid nozzle chanber through the

nozzl e om@mmm?j;g%ﬁmme guard positioned over the printhead

chip, the nozzle guar a support structure that extends from

the printhead d4sisptowtrn the material incorporated by reference, the Applicant has developed
10

ink jet printheads that can Span a print medium and incorporate up to 84 00
assemblies. |

0 nozzle

These printheads includes a number of printhead chips. The printhead chips
mclude micro-electromechanical components which physically act on ink to eject ink from
the printhead chips. Such components are delicate and require careful handline to avoid

15 damage. )

Applicant has conceived a means for protecting such chips.

SUMMARY OF THE INVENTION

According to the invention there is provided an ink jet printhead which comprises
20 at least one printhead chip that comprises
a wafer substrate;

a plurality of nozzie arrangerments positioned on the wafer substrate, each
nozzle arrangement having nozzle chamber walls and a roof wall that define a

nozzle chamber and a nozzle opening in fluid communication with said nozzle
25 chamber; and

an actuator that is operatively arranged with respect to each nozzle

arrangement to eject ink from said nozzle chamber through the nozzle opening on
demand; and

a nozzle guard positioned over the printhead chip, the nozzle guard comprising

30 a spppoxt structure that extends from the printhead chip; and




WO 03/ 106180 PCTI AUO2/ 01061 2 a planar cover nmenber positioned on the
support structure, the planar cover nenber defining a plurality of
passages, each passage being in register with a respective nozzle opening,
t he pl aNe@ 0FWSEY nenber being | ess than approxi mately 3BOTHAUGRBHSLt hi ck.
‘The support structure of the nozzle Yjuard may define a nunber of openings
that permt the ingress of air into a region between the printhead chip
and the cover nenber, so that the air can pass through the passages. 10
The cover nenber and2phearsgypomember pasttioned onyhdxmpgert isiractuteythe pheaer
substrate. In this specification tt}ﬁ %erm"nozz{]e" IS tq be understqod as
an el enent def fRihF* rgepfcgﬂ?glﬁpgﬁﬂl OF PRRSS A RESSPESRIIRE IBEHRs Wi 2| o
may conprise aa%sgwive(%&ﬂ@B erflfd U PndNRvORREhPE b hild 't portion
dependi ng fromthe crown pOI‘FIOI’l, the skirt portion mng a first part of
a peripheral apgirbxigfatglhd0thoeabes thickiber . The print head may i ncl ude an ink
inlst aperture defined in a floor of the nozzle 20 chanber, a boundi ng

wal I surroundi ng the aperture and defining a second part of the peripheral

wal | of the ng?lgé rﬁgfbgﬁ@t}ﬁémré c%f b hé)%z : gl.gatﬁ)&;ﬁgaﬁhi@ﬁﬁéia Hfﬁf)els(ﬁiogiarz#nké fpaportion

is displacea Fative to the subs nore partic owar ds
and awaypdrrmnthe egress i airigbe regioebbmaden itidkprntheddi dhip aicthe 08ver encifitistdey
refill, respectively. Said bounding wall nay then serve as an inhibiting
means f o2} WRiaH; oan pgss thorah ehegpaspagks.f r om t he” chanber. 25 Preferably, the
bounding wall has an inwardly directed |ip portion or w per portion which
serves a sealing purpose, due to the viscosity of the ink and the spacing

betiaeen sai d | The c@et hieaibepi B usiore dtrupQirk iR be ldefindd ¥y Divhfen Subsirate.
ej ection when the nozzle is displaced towards the substrate. 30

Preferably, the actuator is a thermal bend actuator. Two beans may

ConstiLute ety JSE IRk BERYuSLAE RO NSRS el b P REAE ",

ot her being a passive rve
caused tgn pepwig didaieg khetdpenidgtiisle. beam upon WO 03/ 106180

15 The nozzle may comprise a crown portion, defining the opening, and a skirt
portion depending from the crown portion, the skirt portion forming a first part of a

peripheral wall of the nozzle chamber.

The printhead may include an ink inlet aperture defined in a floor of the nozzle

20 chamber, a bounding wall surrounding the aperture and defining a second part of the
peripheral wall of the nozzle chamber. It will be appreciated that said skirt portion is
displaceable relative to the substrate and, more particularly, towards and away from the
substrate to effect ink ejection and nozzle chamber refill, respectively. Said bounding wall
may then serve as an inhibiting means for inhibiting leakage of ink from the chamber.

25 Preferably, the bounding wall has an inwardly directed lip portion or wiper portion which
serves a sealing purpose, due to the viscosity of the ink and the spacing between said lip
portion and the skirt portion, for inhibiting ink ejection when the nozzle is displaced

towards the substrate.

30 Preferably, the actuator is a thermal bend actuator. Two beams may constitute the
thermal bend actuator, one being an active beam and the other being a passive beam. By

"active beam" is meant that a current is caused to flow through the active beam upon



3 PCT/ AU02/ 01061 activation of the actuator whereas there is no current

fl ow through the passive beam It wll be appreciated that, due to the
construction of the actuator, when a current flows through the active beam
it is ca94¥19d8txpand due to resistive heating. Due to theyiagiohdiat the
passi ve beamis constrained, a bendidg notion is inparted to the connecting
menber for 5 effecting displacenent of the nozzle. The beans may be
anchored at one end to an anchor nounted on, and extending upwardly from

the subsidiveéomefithe anmetr sderdas tHees 1s rORPOSAO SR IRtk tHA S | N9 wi
menber may conprise an ar mohgl\j/i n?ag H%%d'quawn

menber. The con%eigli n%u .
connect e'%f PTG BraL QU 30 Hie cpnstction of thectatemmbien edutrentdlovepheses end of
the armiy i et Hab] Thus, .a. bendi.n ment at said first end
of the. o B WA Ay} e R FeRtRE oPpe i the st e e
di spl acepagsive béarh ireconszzihed, aHeaddeihéead i éd‘f&'tﬂéi@orﬂ)eptji% a%i B%FEfOf

Y e tber s,

nozzl es ch wiith their associate 15 actuators and conne

ar r Ange P URG displapemenif themnsrlenozzl e, with its associated actuator and
connecting nmenber, may constitute a nozzle assenbly. The printhead nay be
formed by planar nonolithic deposition, |ithographic and etching processes

and, nore par tTizbeatds Ynayt heeandRsel &t SaS&b] formed on the 20
printhead by _these rocey;sesn. The s%ﬁtra?éﬁ%ng%r@m%{%wﬁf’gﬁp P&d drive

ci reui t UPHAEALY Irpme thawubsirate eud deiineetedait theiri dppbssteendyay tHe.ohRiciiRE USi ng a
CMOS fal}ﬁérﬁgérl %ega lgeeﬁs. 25 BRI EF DESCRI PTI ON OF THE DRAW NGS The
i nvention 1s now descr B%Hl,enﬁﬁ?r TRy compesapian hayipg afisstend comertzdith ¢he

act®npanyiuapr oiitoha AERL o | ' ichy ~Figure 1 shaws a three

di nensi onal , sclh_errati C Vi eﬁv{egeéﬁggﬁ%gg?%@ggg%%ﬁﬁ "éacﬁlfk‘tﬁﬁ‘fq‘i%ﬁla@l‘ﬁfp f or

an ink 1S5 besdingadomentat said dasteadwit the mhﬁsieﬁy@g&at@matsﬁﬁ@gawcﬁ&d%ot o4
t he

show a Lhensiqn schenatic i]lustration of an ope Ion of t
nozzl e %@%@%%%FW@B&#S%@HR@W%M80 PCT/ AU02/ 01061

The printhead may include a plurality of nozzles each with their associated
15 actuators and connecting members, arranged on the substrate. Each nozzle, with its

associated actuator and connecting member, may constitute a nozzle assembly.

The printhead may be formed by planar monolithic deposition, lithographic and
etching processes and, more particularly, the nozzle assemblies may be formed on the
20 printhead by these processes.

The substrate may include an integrated drive circuit layer. The integrated drive

circuit layer may be formed using a CMOS fabrication process.

25 BRIEF DESCRIPTION OF THE DRAWINGS

The invention is now described, by way of example, with reference to the
accompanying diagrammatic drawings in which: -
Figure 1 shows a three dimensional, schematic view of a nozzle assembly of a

printhead chip for an ink jet printhead in accordance with the invention;

30 Figures 2 to 4 show a three dimensional, schematic illustration of an operation of

the nozzle assembly of Figure 1;



4 Figure 5 shows a three-di nensional view of an array of the nozzle
assenblies of Figures 1 to 4 constituting the printhead chip; Figure 6
shows, on an enlarged scale, part of the array of Figure 5; Figure 7 shows
a t hree VO A¥MSII¥Nal view of the ink jet printhead chi p wPCh/AUoRoIwlie 5
guard positioned over the printhead ¢hip; Figures 8a to Sr show

t hree-di nensional views of steps in the manufacture of a nozzle assenbly
of an ink jet printhead; Figures 9a to 9r show sectional side views of the
manuf act uri ng Stigye;S shpivg arthrse thmensjortdideshafanl sy of theofozaRksenigRe of N
various sg.eps Ln the 0. uf act ur | process; Figures 1la to 1l c show

t hr ee- di %ﬁ’%le%hgl’ &GP%%%@HPHB@%‘%&%W of the nozzle assenbly

manuf actured a [ ' X d Figures 12a to
12c show secti gﬁ%lh@sﬁinkﬁlhgﬁ’?/’ic;entv\lﬂgl 0 %ﬁ@%%gefgéﬁgﬁﬁ%f aﬂ%@ﬁ?o%g?% assenbl y
manuf act ur ed adbgurdi7rshote atthree dizhdraibnaf viEwamfresing j@iginthead Shiphdifd & EBzzle

DESCRI PTI ON OF THE gRAW GS.In Fiqure |I of the drawi ngs, reference 10
i ndi Tat e ARS8 O¥er e Prithead Chp; nt head chip of a printhead, in
accordance Wi t kg ' td QY op. ' eperally.by the reference
nurrer al  10. Thgﬂ l%jr}igsn!tgﬂ{éa 5 g@%ﬁ%@ﬁgﬁ%}i}i g%wgro?giie%g%mﬁﬁqaﬁgpafwfé\?f%nged in
an 20 ar mayzlg4ssehibiyiofa akjetcrimthead; a silicon substrate 16. The array 14

w Il be described in greater detai|l below The nozzle assenbly 10 includes
a silicon substigies % 4msbew sectinnalgifle views of thel rezufaatutingyeps18 i s

deposited. A C¥X ' ' r .20 1s.de ited on the dielectric 25
| ayer 18. Each n%zrzﬁazéda&ssgtgiégﬁ?/&?%‘%lu%&qmgs 589%3?2' PROSSIRSAR fiehg a nozzl e
opetl ng Zdanufectain@iwcédsitg nenber in the formof a lever arm 26 and an

actuator 28. The lever arm 26 connects the actuator 28 to the nozzle 22.
30 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 12c show sectional side views of an operation of the nozzle
assembly manufactured according to the method of Figures 8 and 9.
15
DETAILED DESCRIPTION OF THE DRAWINGS
In Figure 1 of the drawings, reference 10 indicates a nozzle assembly of a
printhead chip of a printhead, in accordance with the invention, is designated generally by
the reference numeral 10. The printhead has a plurality of printhead chips 10 arranged in an
20 array 14 (Figures 5 and 6) on a silicon substrate 16. The array 14 will be described in
greater detail below.

The nozzle 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
25 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 28 to the nozzle 22.
30
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.



As shown in greater detail in Figures 2 to 4 of the drawi ngs, the nozzle 22
conprises a crown portion 30 with a skirt portion 32 depending fromthe
crown portion 30. WO 03/106180 PCT/ AU02/ 01061 5 The skirt portion 32 forns
part of XOMPHELral wall of a nozzle chanber 34 (Fi gurese@rigrbiodf the
drawi ngs). The nozzle opening 24 is i¥n fluid conmunication with the nozzle
chanber 34. It is to be noted that the nozzle opening 24 is surrounded by a
raised rim 36 which "pins" a meniscus 38 (Figure 2) of a body of ink 40 in
t he nozzilke ekarmnsiona2 fEmarpartrdf a peripherap@ill bf £nd21d SR, @gll’igﬁl{e?%rt‘li in

Fi gure 6oP{het e i%rgwi,@%sl{q i]|s defined in a floor 46 of the nozzle chanber
34. The apertute &2 i <&10zge gpaniag dthihindhiid spmmunication withkhé nbede channel 48
defi ned thumenegizgt wal rtion 5 unds the aperture
42 and extendsbﬁpmmgsgﬁygé%é%?nﬁ%%gﬁlﬁo%%@ OPSW%AS ﬂ%r.ouf‘a%éjgk?-ﬁlsﬂﬁd‘tm%n 32,
as i ndi c&hish "absV e mapiscub 88 Bigate)d? adﬁf:l%r Pﬁ‘ﬁxkalofih fied %&Zfetfch%bela&?e” pher al

efl

wal . of the nozzle chanber 34 and the wa portion 5 nes a second part
of “the peripheral wall of the nozzle chanber 34. 15 The wall 50 has an

inwardly direc i i free end i ch . serves as a fluidic seal
wr ah e bl £ ohfink iengectg‘%%‘q%rfe AT ORIty 5o Fisuss 6,08 s dpvingeds as wil |

be descrddfued i aflgoeds of theaioazle chahsM 34 trhu i.ated that . due to
t he vi sco&égﬁﬁg the ink 40 andct hewsséjalﬁhwgkmgi%ﬁgfnggﬁl?ﬁgmgmqaﬁan

bet ween Y inlet shanneh48 definad theough tre SBstratb@6i nwardly directed |ip 52
and surface tension function as a seal for inhibiting the escape of ink
from 20 the nozzle chanber 34. The actuator 28 is a thermal bend actuator

and0i s connectzedvaﬂlq:omOraﬂob%&4ﬁ%&@@&f&%@%ﬂluéw‘é%cﬁ%gﬁﬁhg strate 16
i y .

or, nore particularly, fromthe passi v REhor 54
i s mountROFHMAQ o Rerigirtpertinndd2, 86 indidatdd dbovencithe 2%z ECAHERL ﬁ?ﬁ%ﬁﬂ% i on
' eam 58

with th &%@ The act yat or conprises a first, active
arranged ‘a ?\}lgfaa&]éa'éggﬁﬁmﬁggesp?’e@%ﬂbégﬁ%? WlaH_Pé’ftﬁ?rﬁei(bd&fms estmadidmperttof bot h
beanms S58hapetifhera WllAf thPhodzZCéHader g CONductive ceranmic material such as
titaniumnitride (TiN).
15 The wall 50 has an inwardly 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 will be described
In greater detail below. It will be appreciated that, due to the viscosity of the ink 40 and the
small dimensions of the spacing between the lip 52 and the skirt portion 32, the inwardly

directed lip 52 and surface tension function as a seal for inhibiting the escape of ink from
20 the nozzie chamber 34.

The actuator 28 is a thermal bend actuator and is connected to an anchor 54
extending upwardly from the substrate 16 or, more particularly, from the CMOS

passivation layer 20. The anchor 54 is mounted on conductive pads 56 which form an
25 electrical connection with the actuator 28,

The actuator 28 comprises a first, active beam 58 arranged above a second, passive
beam 60. In a preferred embodiment, both beams 58 and 60 are of, or include, a conductive
ceramic material such as titanium nitride (TiN).

30 '

Both beams 58 and 60 have their first ends anchored to the anchor 54 and their

opposed ends connected to the arm 26. When a current is caused to flow through the active




30 Both beans 58 and 60 have their first ends anchored to the anchor 54 and
their opposed ends connected to the arm26. Wen a current is caused to

fl ow through the active WD 03/ 106180 PCT/ AU02/ 01061 6 beam 58 t her nal
expansi d¥0 831464 beam 5S results. As the passive beam 60 PCIx@E@geahi ch
there is no current flow, does not ekpand at the sane rate, a bending
nonment is created causing the arm 26 and thus the nozzle 22 to be

di spl aced downwardly towards the substrate 16 as shown in Figure 3 of the
dr awi ngs bearhiS8 theamebexpansien et thedreamf 58 mbultsh rAzub b passivechennr6l, ehiropgnivhigh24 as
shown at 62 in Fiugrure 3 &ngt he dr aw ntgtB Wien the source of heat is .
removed FFEHSTRSUEER, Tewflosspebexpand af the same s ridpcadinganementdaoreated nozzl e
22 retur ' [ ok [ ' - of. the draw ngs.
hen't heo syt hb bin 3688 BEBINPASLAL ST SN BAAHIG Sollis BB 0T et 641 o

formed asulwtmiedélds shéwh ireFiguesk bfiithedbavaings. Thidlcmpdein djestonas il thusidnat ed at
66 i.n Figure 4 of the drawi ngs. The ink droplet 64 then travels 10 on to
t he Jpri nfPCROA7IS OBERIAS 24 25 shqygp et &7 ndgae 3 ofshexdrawdngs: When the sbuceraf hast of

the ink ; : Y | V&' | | s forpged as sho at_ 68 in

Fi gure 41%91%%{ %?%&hﬁa%ﬂ%q)%ﬁnsﬁ h‘g"ga‘:m sﬁ?&ﬁ%@%ﬁ?& ﬁg’wﬁg‘er’pfﬁﬁé@g PR3O nf | ow
of i nk 4@s yoieaehtyositiazdsehewa M Bigudd4 o88R driwiles AWIRY (HEROSILS RfichElour e
2) is forned in readiness for the next ink drop ejection from the nozzle

assenbl y1tq glesosnipasson, Ay inkowoplst 64 infousedassangsdlt of thefeeakingafmgsnk t he

Four - cor diopies ek & HERGEd R0 th Bale Fo% e iy s TRE tbBblebit sp oyt zo o
nozpl e ass ek iphist medR shel arRgtec o Riper. EAE id l'e
assenblies 10 grranged Si n two rgvvs l%)e%nd gaﬁﬁ&égt}ge]&o?ﬂgn%%%fut%g%é I s shown

in 20 gfioalespd.ceinaBative nrinisgpeisgonted srshdwawit 635 FiEmrd dof thetdadwings.os e
packi ng ef. t.h 0zzl e .ass | i .10 in.the.r /2 and 74, the nozzle
assenbl i gfsnslaggaﬁv? hlge?%ws%brﬁﬁ“‘gtssdﬁagé‘ih% Ofs’ng éPTé’&EWPW%? ehamher 3¢ sughhe
nozzl e aecLAB) nRMistls B (H F ; I |:25: ln the
row 72 are spaced a asrt %Q?Sfﬁﬁc%?ﬁ@g?h?%o@npggﬁxﬁ%%g%r?éb 6€th he
| ever ar e negziopssemblntlz| e assenblies 10 in

15
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

20 greater detail in Figure 6 of the drawings.

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 assemblies 10 in the row 72 are spaced apart

25 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 dumbbell shaped so that the nozzles
22 in the row 72 nest between the nozzles 22 and the actuators 28 of adjacent nozzle
assemblies 10 in the row 74.

30

Further, to facilitate close packing of the nozzles 22 in the rows 72 and 74, each

nozzle 22 is substantially hexagonally shaped.



the row 74 to pass between adjacent nozzles 22 of the assenblies 10 in the
row 72. It is to be noted that each nozzle assenbly 10 is substantially
dunbbel | shaped so that the nozzles 22 in the row 72 nest between the
nozzl es ‘ﬁ?“éﬁ?ﬁlf"he actuators 28 of adjacent nozzle assenmpdsudkibg t he row
74. 30 Further, to facilitate close fdacking of the nozzles 22 in the rows
72 and 74, each nozzle 22 is substantially hexagonally shaped. WO

03/ 106180 PCT/ AU02/01061 7 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 th nj 4 bej at a slight angle with respect to
the nozzle chag%g@?%ﬁpllg}%ﬁaﬁeg%éﬁ%gﬁeékﬂgﬁi“bﬂ{elayt thet Whie theergeleslP2 atear . 1t 5
i s an advispiagd todardhtheaibang ip Figures 5 and,6 of the draw ngs
t hat theﬁnglggwﬂg}gor s@%? é}fp thelsEgg;llugg’?ggé%einggﬂfﬁp?mng2%"?’6‘8@‘3?Qhﬁ'ﬁd 74
extend i FPEPRH Febeinonzietcbambe: 3 ik i9bietiaa sf . Hence, the
i nk Serpliseﬁéacﬁjag&fggdﬁf romthe nOZﬁI es 22 iln Jet heSrI%%?%fggﬁg‘gf%éd}C%- i
dropl ets e] ect ed Pr Oh LHEAREZRERShown imFighees Sowd Bofthe dpavings| thit the one

anot her nesbtotd Iof e Bz h Rt Lity. Al so, as shown in Figure
5 of the drawi_ngs? the gdgg%sggﬁgeggﬁﬁ'atggg‘%?ﬁ%%%%t%@m@wéh@%ﬂq dieeasion

whi ch pr 8PReesidhel bk eows 72 ahd TanHendd, aiesink Wicdldibgepad FronPihe b8, 110, AL AL OF S

|

28 of th eml i es. 10.. These el ectrical “connecti Ons red via
t he Clvosﬂlelr}gﬁa/ﬁrze"’(‘ﬁ@ﬁe g‘ﬁ‘o‘é&ﬁ?letslfse%é Bpmithynezzldiuin eherronf 74 e pliaddl RlShe 2

devel opneasthéfreduli§nd VAN ' ... Wth reference to the previous
drawi ngs, |ike reference r‘ﬁgrr‘éércgqr?nﬁe\ﬂ%g?’ to like parts, unless otherw se
spe'@lfied. 20 A nozzle guard 80 is nmounted on the substrate 16 of the array
14. The nozzl e%ésguar 80 .includes a planar cover nenber 82 having a

a?fegl

plurality of p ogin igdfigyed ofthedrewings b subshetsPEBERMREd $4aSfE | N
regi st erarvirigBd tHeGed¥OFKiLR pRRAAL 883124 Q] L e nozz!l.e

connections, via the pads 56, to the actnators
28 of the nozzle assemblies 10, These electrical connections are formed via the CMOS
layer (not shown).

15
Referring to Figure 7 of the drawings, a development of the invention 1s shown.
With reference to the previous drawings, like reference numerals refer to like patts, unless
otherwise specified.
20

A nozzle guard 80 is mounted on the substrate 16 of the array 14. The nozzle
guard 80 includes a planar cover member 82 having a plurality of passages 84 defined
therethrough. The passages 84 are in register with the nozzle openings 24 of the nozzle
assemblies 10 of the array 14 such that, when ink is ejected from any one of the nozzle

openings 24, the ink passes through the associated Passage 84 before striking the print
25 media.

The cover member 82 is mounted in spaced relationship relative to the nozzle
assembilies 10 by a support structure in the form of Limbs or struts 86. One of the struts 86

has air inlet openings 88 defined therein.
30

The cover member 82 and the struts 86 are of a wafer substrate. Thus, the passages

84 are formed with a svitable etching process carried out on the cover member 82. The




assenblies 10 of the array 14 such that, when ink is ejected fromany one
of the nozzle openings 24, the ink passes through the associ ated passage
84 before striking the print 25 media. The cover nmenber 82 is nounted in
spaced MEPA¥1G6Hhip rel ative to the nozzle assenblies 18CEAUS2016poOr t
structure in the formof linbs or st¥uts 86. One of the struts 86 has air

i nl et openi ngs 88 defined therein. 30 The cover nenber 82 and the struts 86
are of a wafer substrate. Thus, the passages 84 are forned with a suitable
et chi ng pevse sembes BRihas a drickngss efnot sepre thapappeoxigatelyH miorgs/ This spepds

PCT/ AU02/,0101 S cover, nenber 8 as a thickness no re.tk
oo oxi nilEA BB SR Ran Grsding s his SHOTRER P roell SH AR  he
manuf acturing cost is mnimzed by reducing etch tine. In use, when the
array 14 is in operation, air is charged through the inlet openings 5 88
to be forced t hnuegwhehthepamyddds iBdperaipnt higis chiargedithtough dhedhlet apenikgsough
t he passages 4. The ink is not trai.ned.in fhe air sinc he air is
charged &h ﬁ%haﬁprf%tﬁb%@éb%ga%esg togelier PRk Spurilng RpORs e PASESY ¢ he
i nk dropl %ts 64. For exanple, the ink droplets 64 are 10 ejected fromthe
nozzl es E "at a velocity of approximately 3m's. The air is charged through
t he passages 84 at a velocity of approximately 1lm's. The purpose of the air
is to maintain the passages 84 clear, of foreign partjcles. danger_ exi sts
that these fordhgikismof entgineddn the ﬁ%sﬁ%%cﬁéfrlﬁ Fﬁﬁg‘%‘i ﬁ%@{ﬁh&ﬁ? gﬁlqsa%ﬁﬁ% t he
nozzl e LES: . af i thel rat i Y
provi si o%?%ﬁﬁfeﬁéﬁg’@%ﬁ?fgﬁgﬁﬁiﬁ%% %S@I#S?%é ﬁ%ﬁ?ﬁ?‘@gu‘gwﬂ% O%Frsb%tr}gbl em
i S,10 0 aeclcdteddrodi tiiviozzRD 2R at £declofief efrappruximanwdyt Imksi Jiheedr i8 chagddthodughhe
drawi ngs, a process for manufacturing the nozzle assenblies 10 is
descr i bedhe passages B4 ahey velpeily efipppraximalsly 4fsstrate or wafer 16, the
dielectric layer 18 is deposited on a surface of the wafer 16. The
dielectric layer 18 is in the formof approximately 1.5

The purpose of the air is to maintain the passages 84 clear of foreign particles. A

danger exists that these foreign particles, such as dust particles, could fall onto the nozzle
15 assemblies 10 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.

Referring now to Figures 8 to 10 of the drawings, a process for manufacturing the
nozzle assemblies 10 is described.
20
Starting with the silicon substrate' or wafer 16, the dielectric layer 18 is deposited
on a surface of the wafer 16. The dielectric layer 18 is in the form of approximately 1.5
microns of CVD oxide. Resist is spun on to the layer 18 and the layer 18 is exposed to
mask 100 and is subsequently developed.
25
After being developed, the layer 18 is plasma etched down to the silicon layer 16.
The resist is then stripped and the layer 18 is cleaned. This step defines the ink inlet
aperture 42.

30 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 magk 104

and developed. The aluminum 102 is plasma etched down to the oxide layer 18, the resist



m crons of CVD oxide. Resist is spun on to the layer 18 and the |layer 18 is
exposed to mask 100 and is subsequently devel oped. 25 After being

devel oped, the layer 18 is plasma etched down to the silicon |layer 16. The
resist i YOH@A618Yri pped and the |ayer 18 is cleaned. Thi spel/gpogighines t he
ink inlet aperture 42. 30 In Figure®b of the draw ngs, approxinately 0.8
m crons of alum num 102 is deposited on the |ayer 18. Resist is spun on
and the alum num 102 is exposed to mask 104 and devel oped. The al um num
102 is phe¥nppastanddbe deviee iseleaned oRhidstepayeviddsBhe bbrd paEIHl iNQBHEEL80 9
PCT/ AUOZ{h%Jiglg}e i S sﬁ{ri %pﬁﬂ and the device is cleaned. This step provides
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I nt er confeditcohdedii® ret t | St and a power plane with
connecti ons rral?iee iﬁgghha? Wesrlg‘fé%ﬁ‘&éﬁéwﬁ 5 Approximately 0.5 m crons
of PECVD nitride is deposited as the CMOS passivation |ayer 20. Resist is

spug on and the |layer 20 is exposed to mask 106 whereafter it is
devdl oped. Aft Pﬁ}é{%ﬁ‘@ Hen inickopg oh PECVabnitridepis slepesitet abithd @S t o t he

al um nu e -silicon Lbayer 16.in the region of the inlet
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ely 4 p.mbo

m crons of%tp]tbgt 0-sensitive polg/i m de or approxi mat

t enper at @ SAndithe sitigen Jaysil6 indle fegionaffithakdet aparuiest2t Tae rexg@esed to nmask

110 wher Lt § I d. The Ilayer 108 is then hardbaked at 400C
b preY g

for one ho ere 108 is conprised of 15 polyimde or at greater
t hdfh 300C where the layer 108 is high tenperature resist. It is to be
noted in the draw n?s that the pattern-dependent distortion of the
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The layer 108 is softbaked and is then exposed to mask 110 whereafter it is developed. The
layer 108 is then hardbaked at 400°C for one hour where the layer 108 is comprised of
15 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 pattern-dependent distortion of the polyimide layer 108
caused by shrinkage is taken into account in the design of the mask 110.

In the next step, shown in Figure 8¢ of the drawings, a second sacrificial layer 112
20 is applied. The layer 112 is either 2 um of photo-sensitive polyimide which is spun on or
approximately 1.3 pm of high temperature resist. The layer 112 is softbaked and exposed

to mask 114. After exposure to the mask 114, the layer 112 is developed. In the case of the

layer 112 being polyimide, the layer 112 is hardbaked at 400°C for approximately one hour.

Where the layer 112 is resist, it is hardbaked at greater than 300°C for approximately one
25 hour.

A 0.2 micron multi-layer metal layer 116 is then deposited. Part of this layer 116
forms the passive beam 60 of the actuator 28.

30 The layer 116 is formed by sputtering 1,000A of titanium nitride (TiN) at around
300°C followed by sputtering S0A of tantalum nitride (TaN). A further 1,000A of TiN is
sputtered on followed by 50A of TaN and a further 1,0004 of TiN.



20 is applied. The layer 112 is either 2 mof photo-sensitive polyimde
which is spun on or approximately 1.3 pmof high tenperature resist. The

| ayer 112 is softbaked and exposed to mask 114. After exposure to the mask
114, thevVOAFE6180 2 i s devel oped. In the case of the | aydiCTIADI2Ha941g

pol yi mide, the layer 112 is hardbake¥ at 400C for approxi mately one hour.
Where the layer 112 is resist, it is hardbaked at greater than 300C for
approximately one 25 hour. A 0.2 micron nulti-layer nmetal |layer 116 is

t hen deposited: Part of this layer 116 forns the passive beam 60 of the

actuator 28. 30 .The |layer 116 is _formed by s er|j OOOA of tjt.anium
nitride (TiN) therFgiERAs WgecH bt dn%%ds%%&@?h?%ﬁe%#mt&m%) m
nitride (TaN). A further 1,000A of TiNis sputtered on followed by 50A of
TaN and a further 1, O00A of TiN. WD 03/106180 PCT/ AU02/01061 10 O her

mat eri al s whi cTheclagerti 6Us g@niernpbddo ofask il N8, aleeelbpdPand\fiida etchddldowrAto) N.
The layer 116 is then exposed to mask 118, devel oped and plasma et ched down
to 75 tHEejawetl2 wheigplioraasisteapplied for the Jaysr il BG) 15 wet stiRPaddplipg €ams nof &0 wet
stripped. .t aki ve the cured |layers 108 or 112. A third
sacrifi gﬁeéﬁ%%g}%ecﬁﬁﬁ@@g% 1Q%Bf;ig%mby spinning on 4 mof photosensitive

polyi m de or approximately 2.6 mhigh tenperature resist. The layer 120 is

sof t baked 10 whereafter it is exposed to mask 122. The exposed | ayer is
t hen devel opedAfiird sagediclay layemt Hbialeppligd bynspitrang es 4 ot opphotbsensitive t he | ayer

300C wheBRRE PAIBFORTGLE RS BEh PRI SEEoNte ot 1) S geiobedal | ayer
124p1s a&@ﬂérbﬁﬂertiﬁstegﬁoéfg)é@fnag}gQZQ.T’Pﬁe géd Tay&ent ﬁlenjtévat)%émﬂbﬁr)éﬁwly' are
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the sane as t aye are applre n“the same nmahner. Il be
appr eci digdbdkiial Ihahdcdsayepelyitdide anel lak2d120 8 hardbaked &a0009C ¢anduct i ve

| ayers. The | ayer 124 is exposed to mask 126 and is then devel oped. The

| ayer 12eppreximgichgene kausioeat groater than BOQ°Gwheterthellsyer 120ecsmprisewresist. 120
whereafter resist applied for the 20 layer 124 is wet stripped taking care
not to renove the cured layers 108, 112 or 120. It wll be noted that the

remai ni ng par t A QkcdndgnhigVgyer kedaldffer124 id ApliRa ko e IRRATROSTRE cdlifnRatuat or

15 of the layer 124 are the same as the layer 116 and are applied in the same manner. It will be

appreciated 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 fo the polyimide or resist layer 120 whereafter resist applied for the
20 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.

A fourth sacrificial layer 128 is applied by spinning on 4 um of photosensitive
25 polyimide or approximately 2.61um of high temperatuore resist. The layer 128 is softbaked,
exposed to the mask 130 and is then developed to leave the island iportions as shown in
Figure 9k of the drawings. The remaining portions of the layer 128 are hardbaked at 400°C

for approximately one hour in the case of polyimide or at greater than 300°C for resist.

30 As shown in Figure 8] of the drawing a high Young's modulus dielectric layer 132
is deposited. The layer 132 is constituted by approximately 1)m of silicon nitride or

aluminum oxide. The layer 132 is deposited at a temperature below the hardbaked



28. A fourth sacrificial layer 128 is applied by spinning on 4 m of

phot osensitive 25 polyimde or approximtely 2.6m of high tenperature
resist. The layer 128 is softbaked, exposed to the mask 130 and is then
devel opeYOL¥ 1968 e the island portions as shown in Fi gurg9kudfeibdie

drawi ngs. The remai ning portions of the |ayer 128 are hardbaked at 400C
for approximately one hour in the case of polyimde or at greater than 300C
for resist. 30 As shown in Figure 81 of the drawing a high Young's nodul us
di el ect r i'6TPEpREe afthe sparifttigldayerets, Th2, 120y €28, 182 ﬂ,ﬁnﬁ?Qﬁ%{a&Pﬁgﬂ:sby
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characteristics required for this dielectric layer 132 are a high elastic
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10. Ahig N0 ng's nodul us dielectric layer 138 is deposited. This |ayer

1380is formed by depositing 0.2limof silicon nitride or alum numnitride
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108, 112, 120 HrdiglerricaBycFian is plasisdlerfled ok B44H€ sBRitRlar 1) A NgS. the

| ayer 13c8ari s anisotropically
‘ © Dot1o remove any of the sacrificial layer 134.

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

A high Young's modulus dielectric layer 138 is deposited. This layer 138 is
formed by depositing 0.2um of silicon nitride or aluminum nitride at a temperature below

the hardbaked temperature of the sacrificial layers 108, 112, 120 and 128.
20

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

all of the surface except the side walls of the dielectric layer 132 and the sacrificial layer -

134. This step creates the nozzle rim 36 around the nozzle opening 24 which *
25 meniscus of ink, as described above.

pins" the

An ultraviolet (UV) release tape 140 is applied. 4um 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 from the wafer 16.
30

A further UV release tape (not shown) is applied to a rear of the wafer 16 and the
tape 140 is removed. The sacrificial layers 108, 112, 120, 128 and 134 are stripped in




pl asma etched to a depth of 0.35 mcrons. This etch is intended to clear
the dielectric from all of the surface except the side walls of the
dielectric layer 132 and the sacrificial layer 134. This step creates the
nozzl e WPBB6E0ound t he nozzl e opening 24 which "pins" ®dg/AD2eewiscus of
i nk, as described above. An ultravidi2et (LTV) release tape 140 is appli ed.
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 d8ygelipdasmado provide thedimabhodzppesderiiblg Ot dsahomh ¢ FikGres30 add dusitther W
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embodiments are, therefore, to be considered in all respects as illustrative and not

restrictive.



PCT/ AU02/ 01061 An inkjet printhead which conprises at |east one printhead
chip that conprises a wafer substrate; a plurality of nozzle arrangenents
positioned on the wafer substrate, each nozzle arrangenent having nozzle
chanber YRIBL0H8Y a roof wall that define a nozzle chanyerandoangiozz! e
opening in fluid communication with ¥aid nozzle chanber; and an actuator
that is operatively arranged with respect to each nozzle arrangenent to

ej ect ink H&m said nozzl e chanber through the nozzle opening on denard;
and a noz positi oned over the printhead chip, the nozzle guard
conprising a support structure that extends fromthe printhead chip; and a
pl anar cover nenber positioned on the support structure, the planar cover
menber deff.i ni ngﬁ@jrmjaf@ﬁﬂthéﬁdq{,higﬁg&ﬁﬁﬁﬁs each passage being in register
with a respective nozzle opening, the planar cover nenber being | ess than
approxi mat el y 30beagi egneaninthaad ckip that @mphises nkj et printhead as clained 'in
claignl, in which the s gort structure of the nozzle guard defines a
nunber of openi ngs tﬁa‘?é% ?"}lﬁsirache ingress of air into a region between
the printhead chip a Yo Vi. I n_pass. through
the passages. 3. Anrhid%%&g%fpri ntZ eadﬁ%esm%?séégr%g{ao nf%?%{:llﬁéelr‘?'n&%r @ﬁ&%ﬁi?ﬁ‘fﬁt he
support st ruct moezlaadangement hedng mendiechaniter defls aata Ryofwvaahaldesybgt r at e.

nozzle chamber and a nozzle opening in fluid communication with said nozzle

chamber; and
10 an actuator that is operatively arranged with respect to each nozzle
arrangement to gject ink from said nozzle chamber through the nozzle opening on
demand; and
anozzle guard lpositioncd over the printhead chip, the nozzle guard comprising
a support structure that extends from the printhead chip; and
15 a planar cover member positioned on the support structure, the planar
. cover member defining a plurality of passages, each passage being in register with
- arespective nozzle opening, the planar cover member being less than

approximately 300 microns thick.

20 2. . Anink jet printhead as claimed in claim 1, in which the support structure of the
nozzle guard defines a number of openings that permit the ingress of air into a region
between the printhead chip and the cover member, so that the air can pass through the

passages.

3. An ink jet printhead as claimed in claim 1, in which the support structure and the

cover member are defined by a wafer substrate.





