MJI141-SG 1 N A M CRO ELECTROVECHANI CAL FLUI D EJECTI ON DEVI CE

| NCORPORATI NG A MOVABLE NOZZLE STRUCTURE FIELD OF THE | NVENTI ON Thi s
invention relates to an ink jet printhead. Mre particularly, the invention
relates to a nozzle guard for an ink jet printhead. CO PENDI NG

APPLI CATI ONS Vari ous net hods, systens and apparatus relating to the present
invention are disclosed in the follow ng co-pending applications filed by
t he applicanti-swr assi gnee of the present invention sinultaneously with the
present application: PCT/AU00/ 00518, PCT/ AUCO 00519, PCT/ AU0O0/ 00520,

PCT/ AU00/ 00521, PCT/ AUOCO 00522, PCT/ AU00/ 00523, PCT/ AUDQ 00524,

PCT/ AU00/ 00525, A M@k OLROECATROMIBCTIANIOA LG5 ATID REECAYON DRSATE

PCT/ AUCO' 00529, PCT/ AUOCO 00530, PCT/ AUOO/ 00531, PCT/ AUCO 00532,

PCT/ AU00/ 00533, PFXNCOABBORATING ROTOAABLEISOZZIACTTRUTT UBE36,

PCT/ AU00/ 00537, PCT/ AUOCO 00538, PCT/ AU00/ 00539, PCT/ AUOQ 00540,

PCT/ AU00O/ 00541, PCT/ AUO0O/ 00542, PCT/ AUOO/ 00543, PCT/ AU0O/ 00544,

PCT/ AUCQ 00BLB OF RO INMKXFI0D547, PCT/ AUOO/ 00546, PCT/ AUOQ' 00554,

PCT/ AU00/ 00556,  PGHANCKIoRRPRL to anbnk/j& Q06 pfrg;&fa ; YO relates to a

PCT/ AUOCQ 00560, PCT/ AUO0/ 00561; PCT/ A 00562, PCT/ A 00563,

PCT/ AU00/ OYEBZE I BEFr RS B88%5, PCT/ AUOD 00566, PCT/ AUC 00567,

PCT/ AUOQ 00568.  PCT/ AUOO/ 00569, PCT/ AUCQY 00570, PCT/ AU0O/ 00571

PCT/ AU0O/ QQ5; 3. PCT/ AUOO/ 00574, PCT/ AUOQY 00575,

PCT/ AUCQY 88‘2%“"@@?@%?8@%%7 PCT/ AUOQ 00578, PCT/ AUCQY 00579,
PCT/ AUOO/ 00581, PCT/ VUGS GHBE0 sysRasT/nd 8097200 5&7ing PUF/pNg00ngsaare disclosed
PCT/ AUOO/ Qﬁ)a&&bllovﬁ}g do@em{g%ﬁ&gﬁong) @%AW ﬁ&%y orelg n&Lm;é) 5%30 invention
PCT/ AUOQY 00590 E%AUOO/ 00591 PCT/ AUCO %8592, PCT/ AUOQ 00584,

PCT/ AUCQY GOBRarcousy ¥h RepseiepipBRiisatioB T/ AUOY 00594, PCT/ AUOQ 00595

PCT/ AUOQ 00596, PCTRCIOANUDE 0059CT/ABGVILN0/ 0OBUIBAUGRETS0L00/ BOTMAE00/00521,

PCT/ AU00/ 00517, p Gl /8439/ 0053 d1AB6d/6A%00/ O U AU 00/00525
PCT/ AUOO/ 00503, PCT/ AUO0/ 00504, PCT? AU 08%8%% @@# AUOCY 8%? , 525,

PCT/ AUOQ 00507 ,PCT/AUOO/00526, PCT/AU00/00527, PCT/AU00/00528, PCT/AU00/00529,
PCT/AU00/00530, PCT/AU00/00531, PCT/AU00/00532, PCT/AU00/00533,
PCT/AU00/00534, PCT/AU00/00535, PCT/AU00/00536, PCT/AU00/00537,
PCT/AU00/00538, PCT/AU00/00539, PCT/AU00/00540, PCT/AU00/00541,
PCT/AUOO/00542, PCT/AUOO/ 00543, PCT/AU00/00544, PCT/AU00/00545,
PCT/AU00/00547, PCT/AU00/00546, PCT/A’UOO/ 00554, PCT/AU00/00556,
PCT/AU00/00557, ‘PCT/AU00/00558, PCT/AU00/00559, PCT/AU00/00560,
PCT/AU00/00561, | PCT/AU00/00562, PCT/AU00/00563, PCT/AU00/00564,
PCT/AU00/00565, PCT/AU00/00566, PCT/AU00/00567, PCT/AU00/00568,
PCT/AU00/00569, PCT/AU00/ 00570, PCT/AU00/00571, PCT/AU00/00572,
PCT/AU00/00573, PCT/AU00/005 74, PCT/AU00/00575, PCT/AU00/00576, -
PCT/AU00/00577, PCT/AU00/00578, PCT/AU00/00579, PCT/AU00/00581,
PCT/AU00/00580, PCT/AU00/00582, PCT/AU00/00587, PCT/AU00/00588,
PCT/AU00/00589, PCT/AU00/00583, PCT/AU00/00593, PCT/AU00/00590,
PCT/AU00/00591, PCT/AU00/00592, PCT/AU00/00584, = PCT/AU00/00585,
PCT/AU00/00586, PCT/AU00/00594, PCT/AU00/00595, PCT/AU00/00596,
PCT/AU00/00597, PCT/AU00/00598, PCT/AU00/00516, PCT/AU00/00517,
PCT/AU00/00511, PCT/AU00/00501, PCT/AU00/00502, PCT/AU00/00503,
PCT/AU00/00504, PCT/AU00/00505, PCT/AU00/00506, PCT/AU00/00507,
PCT/AU00/00508, PCT/AU00/00509, PCT/AU00/00510, PCT/AU00/00512,

PCT/AU00/00513, PCT/AU00/00514, PCT/AU00/00515

The disclosures of these co-pending applications are incorporated herein by cross-reference.



PCT/ AUCO' 00508, PCT/ AUCO 00509, PCT/ AUOO 00510, PCT/ AU0O0/ 00512,

PCT/ AU0O0/ 00513, PCT/ AU0O0/ 00514, PCT/ AUOCQO 00515 The di scl osures of these
co- pendi ng applications are incorporated herein by cross-reference.
MI141-SG 2 BACKGROUND TO THE | NVENTI ON Qur co-pendi ng patent application,
United States Patent Application Serial Nunber to be advised when known
(identified tenporarily by our Docket No. 1J52) discloses a nozzle guard
for an inkwifiet printhead. The array ofpnozzles is formed using

m croel ectronmechani cal systens (MEMS) technol ogy, and has nechani cal
structures with sub-m cron thicknesses. Such structures are very fragile,
and can b&AdH(IHg@dNbXTOCﬂ[EHNENMION paper, fi ngers and ot her objects. The

present invention d¢jscl o protect the fragi nozzl es
and keep them cl eagj “of° penéalnegrpatcﬁIlt P ‘°%“\3Rn%f{§99 &IIPE ngq“}@g%{?e g to
t he i nventaddsed whéndmewr (sdeptrf@d/tedle‘uaraybmeeckgum g57)discleses 4 wkzl§ siardfforianidread,
the N0zZlig GHGEAL I AGL UgtknGr qm%ggxs TR s @%&@é@c@m&mcﬁ% Sads 2! o

carries a nozzle array, the b inin ural i Bassages
through i t°BisY-@adkas Iﬂe?%laﬂgaésmétafewﬁa%%&wm@cw?weaw& SIRPtUsRE "Efﬁveéy #d2z| e
openi ng Ofand&ae bOfaniahe H?Q&che&t}q;apefr I’fﬁng@f atyotlan &Jéc&e ThOshdsediBR@6n disticbhaar
defining flu s for ti ui d .t hrough the passages,
froman i anzle guarmoé’fowscgt?e g%nsoézleésé‘i‘mdlf nhﬂlgaé ttpa%eé ‘fs{*]u build up of foreign
particles on the nozzle array. In this specification the term"nozzle" is

t o be undgpaiRRYdF B AhaREndNdef i ni ng an opening and not the opening
itself. The nozzle guard may i ncl ude a support neans for supporting the

body menber on the °‘§’Efjb‘§tt?Q‘Féwe“?ﬁ‘b%{?ﬁﬂﬁlder‘@é‘ﬁ%ﬂer%?d%aﬁ Bk reerinthsekedeal |y
with the body gnmirbelnding hivdg wppat inotfEdRSon aGEEsRELE Shilgcaitiep@hdzz10 & PBE Bally
support e t € an {88 nd of the bod el h Then

t hgpf | ui dlm%ﬂFégtdgfo m‘;r%lggéﬂ%gn%f ai)segegg]gou uc|ﬁnraha§ 16" ea?lwass%ghe Wi r%grd? errent s. It
will be apﬁ?’é@ﬁ’%cpftoha?f thoinezale pk the srﬂt}’l amé@nee'@dtf membﬁg iﬁlr@lﬁedeﬁlpwﬂmgsrﬂetover
the nozzl @penky BY diftBhe Qild thiblie® WickbadshiRs, &%Mgﬁ&wen@-ofl QWpRERSSHE BinibRidl 8 1S
created agoye tgfle nozz| arraX ahl ch, is envisaged, will inhibrt the
build up 8f9BP ‘ﬁﬁnﬁ%ﬁ‘ 95 O g BFAe PR nozzI e array. The fluid inlet openings
may be arrangebh thinspedificaganpiEoerin "edz2le'tin to te@hdrisooll bOmeRmbD Adinjag eh opeiing dae

nozzl e arfavie ofc Jlﬁl iDyention extends also to an ink jet printhead which
includes a nozzl & array carried on a substrate; and a nozzle guard, as
descri bed above, NORErcede Sardinay inclpde p puppert means for supporting the body member on the

substrate. The support means may be formed integrally with the body member, the support means

comprising a pair of spaced support elements one being arranged at each end of the body member.

Then, the fluid inlet openings may be arranged in one of the support elements.

It will be appreciated that, when air is directed through the openings, over the nozzle
array and out through the passagés, a low pressure region is created above the nozzle array which, it is
envisaged, will inhibit the build up of foreign particles on the nozzle array.

The fluid inlet openings may be arranged in the support element remote from a bond pad
of the nozzle array.

The invention extends also to an ink jet printhead which includes

a nozzle array carried on a substrate; and

a nozzle guard, as described above, mounted on the substrate.

The invention extends still further to a method of operating an ink jet printhead, as
described above, the method including directing fluid through the fluid inlet openings of the nozzle guard
and through the passagés to an outlet end of said passages for inhibiting the build up of foreign particles
on the nozzle array.

Then, the method may include directing air through the passages irrespective of whether

or not ink droplets are being ejected through the passages.



The invention extends still further to a nethod of operating an ink jet
printhead, as described above, the nethod including directing fluid
through the fluid inlet openings of the nozzle guard and through the
passages to an outlet end of said passages for inhibiting the build up of
foreign particles on the nozzle array. Then, the nethod may incl ude
directing air through the passages irrespective of whether or not ink
dropl ets amgsdi ng ejected through the gassages. MJ141-SG 3 The met hod nay
include directing fluid through the passages at a rate different fromthat
at which the ink droplets are ejected through the passages. Preferably, the

{Tﬁt ho ? hi ?cl ;Jdes. dihl'”tﬁﬁ tniefhg?( hlgsesnchlfdk tuirézmtgmumk&laughh& 1?@%%@8@5%@&&&&& abe thlatOV\'(l?r
an al at , Wnl. Cr e ln ropl. e re ejecLe rou e Ssages. n
this r egar?i,whi\éﬂg‘e Ik draplels ab‘:eejeﬁtﬁ‘g?hﬁéé‘ ‘??1‘?"836%% %‘ﬁ‘gfa@é%ed%gya 5‘?“%1‘%8?%5&’%&@? ely

Im's. | n ued thraogh the pasedgescdt @dtatt topr thinethmoiz 2vhieh dpenki digpla aré ejpaxizhieughfthd he
array at i : . I I S t .

bt oxi et T gt e h AR Gl ek o RRRGP R i

i nvent i on B geqrgirosdieiceePenys dlayozte oftha aplyat appoRmately dmis geddrayels thigugh the
acconpanyi fgageQt SgfoRiaRLyIuGt fHodd. NgS i n which: Figure 1 shows a three

di mensi onal, schematic view of a nozzle assenbly for an ink jet printhead;
Figures 2 to 4 show a three dinensional, schematic illustration of an

oper at i on BRIEFDESABIPTION GETERDRAWINGEI gure 1; Figure 5 shows a three
dimensi onal Vi &g Gleftiod0F b ALHRY HORS! Lt hbRY AR fefltnde Sh i LAbRSRM,
Figure 6 shows, on an enlarged scalé, part of the array o Igure 5; "Figure
7 shows a diagrematy dreviess dhsichyi ew of an ink jet printhead including a nozzle
guard, in acc@@RNT ehdstad thtdb &lithdAMEHAL, is€iRiatlcl Y& BB a §BzA0asSmbSNBWal ke

di mensional  views of steps in the manufacture of a nozzle assembly of an
ink jet prin fead:; Figures 9a to 9r show sectional side views of the

manuf act uri ng $igeps 2 ¢t gheves tht@alinepsididk sehlvoatic lilkpgoagoss ofdn aperstics ofi e dozzie
various stgPsul Briifig ffenuf acturing process; Figures 1la to 1le show three
di rensi onal views of an operation of the nozzle assenbly manufactured
according to tREuTREhYHE 2drecdinrayiaal view g nepzle gy cppsiyiingen iph jet prgtheasle  show
sectional si de Figue\Wshd¥s, @nn epeged kdapatiof hbi@rap 0@ ASsenbl y  manuf act ur.ed
according to tg%dyyhod of, Fi

shows a three d%egxs?osnaleieavp gf a9n ink jet printhead including a nozzle guard, in

accordance with the invention;

Figures 8a to 8r show three dimensional views of steps in the manufacture of a nozzle assembly
of an ink jet printhead;

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 1lc 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.

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 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.



| DETAI LED DESCRI PTI ON OF THE DRAW NGS Referring initially to Figure 1 of
the draw ngs, a nozzle assenbly, in accordance with the invention is

desi gnated generally by the reference nuneral 10. An ink jet printhead has
a plurality of nozzle assenblies 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 assenbly 10 includes a silicon substrate or wafer
16 on whi cfuiagdi el ectric layer 18 is dgposited. A CMOS passivation |ayer
20 is deposited on the dielectric layer 18. MI141-SG 4 Each nozzl e assenbly
12 includes a nozzle 22 defining a nozzle opening 24, a connecting nenber

in the form of mcl ﬁ&@l@ a8 A1b12 62 aRthdadNa a&zttg@b%ﬁr%é Thae! séﬁﬁ@zarm&ﬁec&%nnects
the actuator 28 to nozzl e shown in greater detail in F\%?ures 2

to 4 of th‘Be"E}’F‘é%ﬂ??gf%m REVRGED Fé“ﬁ‘z"néﬁ‘ﬁﬁt‘ .2§e£heéw&fra8ﬂﬁ6 cBIIIRSAETER 1o a

skirt porttheomz3d22xdependi ng fromthe crown port| on 30. The skirt portion 32
forms part Of %hsgg%]rfolggﬁgtglj de%lﬂ Flg% 4s82 trc])Qt thee dltcar\;'v?‘ngp 9 nozzle(fZ cgurrtesgs a2<i:r(%_lw(%t ﬁeOf

t he draw ngs) e openi ng commini cat
nozzl e charplien 38ith ¢ ki portion 3%éem@ft1@cfr0tﬁh<t CftVWepormz 29. eTf@pleﬁmrngﬂ forms part

sur r oundedofl Yeriphératvaf Of 4 doRB1e3Patibbl S, 1g91'e§1§to 43f HB Bl BR nbZleOptnbe 2 isBf @
An ink inlet aperture 42 (shown

body of 40 in the nqQ cha

nost cl ear'{l< Wi popmpnisafion V%‘%d# p95ee 6% Ty Ttds ielts aoisd that e 1970 PPeniBe 25 t he
nozzl e chawb@mndddy aThied apeIstwiidh "fids"iaSneniscul BRI (Ribue@atinbaia bl @h40intte narrlel Nk
inlet changel, .48 defined through the substrate 16. A wall portion 50
bounds the aperture 42 and extends upwardly fromthe floor portion 46. The

skirt portion 3% inkiglefanprest’dthoanmod clewty it Hern ofthedrpzing) ésfdetined ing flobr$t  par t

of a peri piek atzzmtdmbamt R DaEzd 2 is it AaTBEimAtaRA Fidh HEnVEkd chRRd s @fincal
defi nes a%e%ﬁra]d \%g of t he peripheral wall of the nozzle chanber 34. The
wal | 50 ha R dlrected lip 52 at its free end which serves as a
fluidic seal waedlportioh5®bdugdsttheaperseedond Exténddupwhdly ftolathanfbioz postiod 26.1 The

di spl aced 1sk1ﬁ ox\%le &2 %n&k%&g ralgobn? Qf b n&El@% ?erﬁn%e I néarttbng géﬁ\{ghér%] walw)fl#e npﬁle

appreci at ed that due t he Viscosity o

di mensi on<hagbet Heand ‘b‘%t&’i‘lmj’moﬁ &7 dbiass aserand nap ofbe nepphetahwalkgf the pozalg chapbii 382 t he

i nwar dly directraewhii Iﬁzalﬁﬁdarﬂl#rdfréb@eﬁ lib 8 &1 iRFred LHAGHHIB RS 2818 Aui@E EQCHHiwe seal
for inhibi. t| the es e nozz at or

Q
28 is a ther mafhe Bertd 0a ua‘tnoﬂrle né’hztlf Fe lg%?? e ted e%fﬁ‘g%d‘&ﬁrﬁterg?fa@?ﬁgn i ng
upwar dly Wil berepovsiated et rda¢ & hé visrosityngTie pare amﬂlhalsrhgﬂ dimensiotshe tEMpBing

passivati Q;E'twle% Ilp%Q 'anthﬁl‘?sthBﬁ 32.5ﬂteI1r§7vardi§1fﬂ'9<;tt%qlpgEI a&%{ﬁ%g{eﬁs\{oﬁ ﬁfﬁ@t@ﬁ aéﬁ whi ch
forman electrical connection wth the actuator 28. The actuator 28

conpri ses cHecfiygseql foré‘E‘tbit\‘i‘%thBéf“ﬁ‘f‘ﬁ"B@m]é?‘i’%ﬁﬁé%Zl%%%e d*second, passive beam 60.

I n 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 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).

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 beam 58 thermal expansion
of the beam S8 results. As the passive beam 60, through which there is no current flow, does not expand
at the same rate, a bending moment is created causing the arm 26 and, hence, the nozzle 22 to be
displaced downwardly towards the substrate 16 as shown in Figure 3 of the drawings. This causes an
ejection of ink through the nozzle opening 24 as shown at 62 in Figure 3 of the drawings. 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 of the drawings. When the nozzle 22 returns to its quiescent
position, an ink droplet 64 is formed as a result of the breaking of an ink droplet neck as illustrated at 66
in Figure 4 of the drawings. The ink droplet 64 then travels on to the print media such as a sheet of



a preferred enbodi ment, both beans 58 and 60 are of, or include, a
conductive ceramc material such as titaniumnitride (TiN). Both beans 58
and 60 have their first ends anchored to the anchor 54 and their opposed
ends connected to the arm26. When a current is caused to flow through the
active beam 58 thernmal expansion of the beam 58 results. As the passive
beam 60, through which there is no current flow, does not expand at the
sanme rat e, pyasendi ng nonent is created gausing the arm 26 and, hence, the
nozzle 22 to be displaced downwardly towards the substrate 16 as shown in
Figure 3 of the drawings. This causes an ejection of ink through the

nozzl e openRbigAdfredk 0B Wandon B2nd ik HbPU6E : 3ndhtivk hﬁenﬁir;&sw fEehSd as\HRNA af &3
source of heat is renoved fromthe active beam 58, i.e. by stopping current

flow, the RSB %I d@inghshio negie” Griearditsuison Pt v g bR therfoz gure 4
of the drahutigs34 stethathhew mershe38APighire )ik fodmddan fehdinefUoBERRE ink dGSdjdcti@n, an

i nk dropl et 6 g &§ﬂfo&ggplﬁs a result of the breaking of an ink droplet neck
as illustrate %6 igure 4 of the drawings. The ink droplet 64 then
travel s on to tRefrrpeingw taribiekres Sudld dsheadraytingstthepfozaly) aupy-18B Esqybgslen srefler a

result of d.hg TRIABY 108 Rk f$ub@o1brryﬁn@lsa@pA€Jord§@y ﬁearﬂﬁqmcmees FRRBRLES YGof S
formed as shown at. 68 in Figure of the dravmns Thi negat.i ve"

meni scus 6874 EKTPPLes e &he%fqlﬁw%ﬂh R ik B ?fée“}‘i’B%*zlpém"é‘H‘d‘?'r’b”é?FO‘”f4 such
t hat a new2nedi4s CusofiE g(dﬁpglmhﬁsha\)m m%reﬁtardaedmlﬂgufeesaﬂmaeﬁmg@r t he next ink

drop ejection r 0z27 5 and
6 of the draw r;[]g:g)stg)cm 1e§lﬁ%’ Zafl%u?ga?tfégniﬁ% & léhsecrl be grow grf% éltg%ICI The
array 14 jassefpljes bpménrovclﬁlamoﬁﬁ?tpmta}se@@i mt}\e@mﬁm rhgp«gzzletaﬁ@nlélw&w theyrow{@| udes

four groupSso/fe Qézzle BQ&KHh@s ﬁ)&ﬁ@i@b&& ?i.sare %@edfa% sﬁﬁﬁi@ntm egfth'emle?O has
its nozzle ssenbl t}e groups

and One
70 is shO\K}h PY ﬂ?‘éaf%frﬂ} 7&? Tssel%ﬁﬂﬁl l&i‘f @e 8’“’ 71‘4 ® Plaés W‘W’ ﬁ‘lj%‘"'em?%”]le%l@? “at e
cl ose packessagbls 10 mghamowZRe Itais sebroited Shail ich moztll @ssenthiys 1072 sabisteintiddly, dutdbeelinoz z| e
assermdl i et donat BE LD B BeGoi0F] AGYoBlen i AIDRE 8 NARIPEC e lickine
nozzl e assenblies In the row 7 AF'so nozzf e assenblies T
row 72 ar &o@fsaesenblispHyin the g Tei ent ly far from each other to enable the
| ever arns 26 cpﬁmfeh&) ﬂaambelomaaﬁgl df@% nbikids N2 t¥8e FoAW/77 4nd T, BRB SozRERIVREN
adj acent nobzt tgy of assenblies 10 in the row 72. It is to be noted
t hat each “AB2%1 lé%%g@?‘?ﬂ)( a‘ieﬁ is substantially dunbbell shaped so that the
nozzl es 22 in fthvell boappiédatekint thise shiled in hhat thozeter the 20zzkn2P drbdisplectduavandss 28
of adj acenf, sumztzh@ P8 SRRl B8 nobe b nﬂlQ§4 b a? shgﬁ%gllg%th rés&aft@ﬁ;e nbgz@t e

cl ose packi e nozzles 22 In the rows each nozzle 22 is
subst ant i ébqﬂ??elrﬁéxré@ﬁ)ﬁ%ﬂtqdyh@ﬂéa@ ¢he pprpengjcplpr. E:tes alpﬁﬁvaé@gea?fé’er FFgeeRBERowkin| | ed
in the artrighkas and\lmﬂ'lﬂmtdﬁevu{gﬁ) &l BSacBidoR e oﬂlh&ﬂ]zﬁe edenitlivilnds the tAe 75 idasur at e

16, in us ektth ume thE: (s) t gecggnz t% one snpe or} gows472 cf ﬂg PPence thes mi(gj ted%gl tﬁe nozztles
respect to € nozz

22 in the row 72 and the ink ejected from the nozzles 22 in the row 74 are offset with respect to each

S

other by the same angle resulting in an improved print quality.

Also, as shown in Figure 5 of the drawings, the substrate 16 has bond pads 76 arranged thereon
which provide the electrical connections, via the pads 56, to the actuators 28 of the nozzle assemblies 10.
These electrical connections are formed via the CMOS layer (not shown).

Referring to Figure 7 of the drawings, a development of the invention is shown. With reference
to the previous drawings, like reference numerals refer to like parts, unless otherwise specified.

In this development, a nozzle guard 80 is mounted on the substrate 16 of the array 14. The
nozzle guard 80 includes a body 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 before striking the print media.

The body member 82 is mounted in spaced relationship relative to the nozzle assemblies 10 by

limbs or struts 86. One of the struts 86 has air inlet openings 88 defined therein.



chanber 34 ink is ejected slightly off the perpendicular. It is an

advant age of the arrangenent shown in Figures 5 and 6 of the draw ngs that
the actuators 28 of the nozzle assenblies 10 in the rows 72 and 74 extend
in the sane direction to one side of the rows 72 and 74. Hence, the ink
ejected fromthe nozzles 22 in the row 72 and the ink ejected fromthe
nozzles 22 in the row 74 are offset with respect to each other by the sane
angl e resuhtdmrg in an inproved print quglity. Also, as shown in Figure 5 of
the draw ngs, the substrate 16 has bond pads 76 arranged thereon which
provi de the el ectrical connections, via the pads 56, to the actuators 28 of

t he nf)zzl e aSS&iﬂtbhivﬂﬁntilQarrayThQ%ﬂ)p&laﬁﬁ; did iQéllhrgé&ﬁ?@éﬁﬁﬂe(ixg& opdnfig BieBIoNéa t he
CMOS | ayer, (not. shown).. Referring to Figure of t rawi ngs, a

devel opnent{“()%@&feﬁéssalgﬁ%ﬁé‘ ‘fgle% N ‘"gﬁ%‘(/%‘.nggﬂufgp‘zee‘?aésra%eﬁg‘é to the previous
drawi ngs, | i ke Theingrnsemt entraineinghesair ftisr ait i9 charded thpauph e passdgestt o ldiffewnts e
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substrate 16 of the array. nozzl uar i'ncl udes a body nenber
82 havi ng & POty of apfoxjstsabes B dekichuepd theeh thernatsegss 84 hlea vansisefges 84
are in regpsbehadiy 1Hs.t he nozzl e openi ngs 24 of the nozzle assenblies 10 of
the array 14 such that, when ink is ejected fro ny one of the nozzle ,
openi ngs 24, t#ge PSSl 1§ RTBITGR Py s%%?géflﬁatrghgméﬁé’?&ﬂ? @e%ée’??ri ki ng
the print tmedies. forfige phtdss, swetmipedustRrticks, rowid falbniorthes pade dssengtliest 100aIsdtiely
relative t@.4ihemtPidt8oAS8al £S5 IS, .9k It he
struts 86 ah?aslkg:,ir i%lae? openjr? s&é%oq zﬁer?kerdﬁghog%l}gg%g %\@2%@?&%&? g(; S’Esse,
when the &FPkiisip glasy siteppdivigtefon, air is charged through the inlet

openi ngs 88 t oRberhOaELE Fight08Ieh 18 BE tHABHAFE e FécebOPL aRITackitihd) tht Mkzzle
travel li ng .t royg)hséehe passages 84. The ink is not entrained in the air as

the air i$¢ zilrege Crngugh the passages 84 at a different velocity from

t hat of the i nRtadipppitethssilfdn subgirateax amfpd 16, the didedirivlayer Bps EpositGlonarserfaes &ct ed

fromthe %Z\?ake?%. B dRlectAc M?elr f isWthQ%orzﬁQPJp%j(Mcl?ll)g nﬁ%x%:of -Crbﬁ le!dé Iie§ist
charged through the passag{gﬁsﬁkgg_ at a velocCity of S.
i

i y ~approximately 1n
pur pose ofiS SPHEPnE] the Jayer {§pn 18 istepposqslie mag dQ0 g issphseguerdy dyvgleRsdgn
particles. A dangeeingddvabpd, thdiager | HR pRshddtbDIOWRAAS the 6li®S lay&U6N TRSresd st
particles |d.fall .ontg.the nozzl enblies 10 adversely affecting
t hei r ope}thaeﬁlarg <d tﬂﬁlatyﬁrelgbsrc?)e\a}?egi éﬁssg?padgﬁngg%fr ?nllljf‘é‘fe%br%gni ngs 88 in the
nozzl e guard 80 kigwessd ¢itisidraringssappiogmately 8geicrenst & plumingip\ D tsaldposiRdfoe thei ng
now to Fi @688, ResksQs dHn Of anli B abu@Wa 1651 ool RGRRE 1d406d SBOMACTR LIRS ukhe
nozzl e ai%ﬁnbl ies 10 is CtiESCI‘I b Starting with the silicon substrate or

16, I

.ne 1g W 1 .CO ¢
vaf er I8 PT Lbed foum i he pxidalayes 1§ dbsgesis Sdtrpprdnd the fgids ihfleangdn dhigaf or
16. The dbted protifidsGhel tayi@ padi8nd Bitekdondebre tdf M& MAkGEt 2261028l MEHisSinircdnnbet i Rraans of

CVD oxid eNl\/%%%n%é transistor and a power plane with connections made in the CMOS layer (not shown).

The

o

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 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 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 is applied.
The layer 112 is either 2 um of photo-sensitive polyimide which is spun on or approximately 1.3 um 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



is spun on to the layer 18 and the layer 18 is exposed to mask 100 and is
subsequent |y devel oped. After being devel oped, the layer 18 is plasma
etched down to the silicon layer 16. The resist is then stripped and the

| ayer 18 is cleaned. This step defines the ink inlet aperture 42. In Figure
8b of the draw ngs, approximately 0.8 m crons of alum num 102 is deposited
on the layer 18. Resist is spun on and the alum num 102 is exposed to nmask
104 and demgkoged. The al uminum 102 is.plasma etched down to the oxide

| ayer 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

I Nt er conneggdvhigd hiQioea fo%ﬂ&t&ly&ethf)@n FhefeMe 18801 12 isRAWE kit @J@B&emttgream
connections nade in the |'ayer (not shown). Approximtely 0 m crons
of PECVD n@?FWHE”?EWHBBB§ﬂ¥@Hh§§ the CMOS passivation |ayer 20. F@3|st is
spun on and thea bayﬂmxz&umsayan@@ﬁ eFerl N6 1BGK PG araRaF i@ layet 116Sfo@MR oped.

Af ter develoVe ment Fheeargul de is plasma etched down to the alum num | ayer
102 and t h&® SI|IC § O B &9PE°8 1 t he region of the inlet aperture 42. The

resist is stri rjlﬁhedayamdmtiseforﬁ:eszeplmbxeanleQDOAAofltmpgm #i@i8e GFiNp ats@oundfiogicCal
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phot 0- sensi t | ye {:) apprOX| nperature resist.
The | ayer @Ak %‘Eﬁlébﬁlkth‘ﬁm%f'fé‘]then exposed to mask 110 whereafter it

i s devel oped. Tdhigr haw@ils viQ8 can%eh&e&stb@ro@lmmdr@; m@@&(TJmNone hour where

the | ayer 108 i 0 do Iy| r at greater 300C where the

| ayer 108 s rﬁi‘&ﬁ‘“’ﬂ%‘éﬁ’ﬁ? 16181 @ﬁag{ fig ‘?”V?l?eq %‘dIB s”f‘f‘oefcéf‘iia‘{gﬁn antg e lgyen ezngs

t hat t he peteteafionresigpepplitd fidr tiailaytrdil 6, iisowet eifiprieth @king@teyionth ekoVeatherureli(Fers Mi8sed by
shrinkage j.$;4 aken into account in the design of the mask 110. In the next

step, shown in Figure 8e of the draw ngs, a second sacrificial |layer 112 is
applied. The IYafst sapgboidl daver KA dy applish ‘UTSPW on & ernsftoheiersqyeitivei nobv@mideapri ch i s
spun on OrapaBRmaX ARt el Mgrltel%p&mrpiesmhlﬁb 1Jyam96ﬁsasgwa@edrv@éﬁe§fter it &pbRyRr 112
is softbaked and exposed to mask 114. After exposure to the lg 114, the

| ayer 112 Task h?&vJP%B‘QBFCd fapr isrhen daxelopgsk follqygd P&W bakise Ipdierere ﬁBP%}Y“ﬁidﬁéhe the
| ayer 112 laysr ixzbls%rdﬁ@e&at 46aC e agpastingitely A0 Gouk B at SR Gk T0BLEWYerORElajHD LI0.
Where the | aye is resist, it is hardbaked at greater than 300C for
appr oxi mat eﬁn'iY/rlses e

oné fiour. A 0.2 mcron nulti-layer metal |ayer 116 is then
deposi t ed. Par tA sfond miulti-liyaymetal 1446 Réspplicdeo thphzsilye Theams@lentfof thadayer

actuator 2384 ,lhe slirﬁé/ ﬁrthell T ll% aﬁ@ﬁr@%hp&’ m%%%&x@ﬁlérﬂg :i?t \Q@géa‘al?femtaﬂe& ﬁ@t‘ Bt
nitride (TiN) at around 300 | owed by sputtering 50A of tantal um

nitride (TaRFL &“ﬁb%aFFeﬁ‘ecTc%l%‘ﬂd‘éffweﬂf‘Wsl s sputtered on followed by 50A of
TaN and a furt Te¢ lager QD0 eposed itd\nastoltl b findrmathes cﬂe&él@e&&hl‘l(éha}@ﬂm4b@plhb&ﬁdtchdﬂst ead
of TiN ar g ed, 1.0 mask

118, devel® peg\l ‘the ﬁ)a@lmlldaeso%glset 1%%%38 Nmereaﬁtfr res]{s%aé)pllleg:{ }or the Taigqu 1S Wi tpsg'xs pped 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 pum of photo-sensitive polyimide or
approximately 2.6pm of high temperature resist. The layer 128 is softbaked, exposed to the mask 130
and is then developed to leave the island portions 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.

As shown in Figure 81 of the drawing a high Young's modulus dielectric layer 132 is deposited.
The layer 132 is 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 1.3pm of high temperature resist. The layer 134 is softbaked, exposed to mask 136 and



whereafter resist, applied for the |layer 116, is wet stripped taking care
not to renove the cured |layers 108 or 112. A third sacrificial layer 120
is applied by spinning on 4 mof photo-sensitive polyimde or

approximately 2.6 pmhigh tenperature resist. The layer 120 is softbaked
whereafter it is exposed to mask 122. The exposed |ayer is then devel oped
foll owed by hard baking. In the case of polyimde, the |ayer 120 is

har dbaked mti41420C for approximately oneghour or at greater than 300C where
the layer 120 conprises resist A second nulti-layer netal |ayer 124 is
applied to the layer 120. The constituents of the layer 124 are the sane
as the I.ay&welépé@ PR Gendlnthg PR oF the 1dYert1BLis SRARardHAIRA 81400°Clforbhé AoulIB 1B PRE &CI at ed
that both ers 116 and 124 are electrically conductive |layers. The | ayer
124 is exp‘B M © prgbgeeates handf’q far thegesistgevel oped. The | ayer 124 is pl asma
etched down t arht laelepet Wydri18RisGlashe sicietl dbwny ©rthelsAGHfishbkwa fi 1senkitgeGitedot @ppl | ed
for the Ia yer, 1@4oft nﬁleaer;?%ed taking care not to renove the cured

| ayers 108, "1 3% 01 hfﬁ?f T W be noted that the renmining part of the
layer 124 def iThesstapiisfinge thenozzlvecprmigB24o fthet It amt Aaand rthe2@ichoA 5¢ ofithe ipozzle
sacrifici agssejng]y% 128 is applied by spinning on 4 mof photo-sensitive

pol yi m de or roximtely 2.6m of high tenperature resist. The |ayer 128
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deposi t ed. deptﬂ- bﬁ) iS%%nsl‘?fgjs bteh ﬁﬁﬁbﬁ&édw&é%@thbme@&&f% e ﬁlle)(uriaacMegtf thesélciel con
nitride or alunm num oxide. The yer 132 is deposited at a temperature

bel ow t he “Flf effibadigiectris fayer a2 H‘Féhedf""'flﬁé‘ laysrcl3tf ?ler sigp crea%%mféenm $q zoundrq
128.  The triofd opertiipedi abice rpist ﬂleﬁe:ﬁseﬂ;wfme,das fi@¢ribbdubsvedi el ectric | ayer 132
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i's softba&nghquS@pgggn;ngppw&ntj,g.@af@rqg MJ141-SG 8 devel oped. The renai ning
portion of the |ayer is then hardbaked at 400C for one hour in the case

of the polyi mAd%nlafr U¥trelggse apeaimotshostp) Sowetiefl &t a epreof thegaker 16 anddhepns| 182 isr i ¢
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nozzl e openin &8 &5 M he “anchdr™
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 described 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 numerous variations and/or modifications
may be made to the invention as shown in the specific embodiments without departing from the spirit or
scope of the invention as broadly described. The present embodiments are, therefore, to be considered in

all respects as illustrative and not restrictive.



assenbly 10. A high Young's nodulus dielectric |ayer 138 is deposited. This
| ayer 138 is fornmed by depositing 0.2m of silicon nitride or alum num
nitride at a tenperature bel ow the hardbaked tenperature of the
sacrificial layers 108, 112, 120 and 128. 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 exesptsct he side walls of the dyelectric layer 132 and the
sacrificial |layer 134. This step creates the nozzle rim36 around the
nozzl e openi ng 24 which "pins" the neniscus of ink, as described above. An
ultravi ol etLATIY 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 fkom the weh efcrodectrgindehpnicdipid gfoctive Hevivs @hitlajpdudenot shown) i s
applied to a rear of )

sacrificial |ayers 1d%ﬂﬁm%@éﬁ&m%@m%pgﬂéEﬁm%ggﬁg%égﬁ5?Pﬁ%ggp¥§ggy§§§ﬂspIasna
to providé®fhe  final nozzle assenbly 10 as shown in Figures 8r and 9r of
the draw ngs. For easgurlfty sfabRlcaRaRemdnlBositloBdd®h @RGEsUMBIRhSzIk hkdgdndeat ed i n
t hese two dr mﬁngs are the sane as those in Figure 1 of the drawings to

i ndi cate fﬁe rél evant parts of the nozzle assenbly 10. Figures |1 and 12
show t he operati on ch ddigatnanrioe thagis S@trigl ope B tonthan sbstatel aneghppsite agiCiaingance
with the process;gfsesi J@ﬁqveammbma&*avh&&fn%reaﬂ&ﬁmgngl lﬁle&%@@ rﬁe acéa& 9 agd

these figures correspond i gures 2 draw ng
appr eci ated by personéi%%?m?@HZFHmﬂﬁ%SQ*W“%%%PS%ﬁ%%?%ﬁ@hW%?ﬁ%ﬁ?%m@féﬁd/or

nmodi fi cations rrwa&mmmmaxmriuhaumammgwﬁlda_.&u&hwmaﬂdn the specific

enbodi nents wi t hout de mthe spirit or scope gﬁ Ee |nven ion as
e noz ?cham er S ructure at bounds a {eﬁ)ectl et c
broadl y descri bed. Thé presen inents are, ererore, e cSASi der ed
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A i cro- ekl QB RBARLEA! sufd Ml dn&l BCLhABr B8 ViuE e WIHNR nbAf! HABS: BudibRI rat e
t hat incor drive circuitry and defines a glura ity of ink inlet

orate
channel s; P@ﬁﬁd iﬁWﬂPﬁ?FTﬁﬂ%ﬁﬂﬂ%fiFﬁe onP8%i ti oned on the

substrate each nozzl e arrangenment including an elongate actuator that is

fast at oge end to thg1§ Ibstrate pposi t.e .end pJa
relative to the substréfb‘h%encmmmﬁqmg'F %%fbw“”wcamfgg}%ce|Ve %bﬁe?ﬁ

act uat or ; 2guatasrelides anagtive beaghibaridefiness hqa@tgmremtméts capsable @h ﬁnete@le@pmort and
el ongat e &R bind 4 fAive beam interposed between the active bedm and the substrate and mechanically

fixed to, but electrically isolated from, the active beam such that thermal expansion and contraction of the

active beam results in the actuator being deflected towards and away from the substrate.

3. A micro-electromechanical fluid ejection device as claimed in claim 2, in which both

the active and the passive beams are of a conductive ceramic material.

4. A micro-electromechanical fluid ejection device as claimed in claim 2 or 3, which
includes an arm that interconnects said opposite end of the actuator and the movable nozzle chamber
structure such that movement of the actuator towards and away from the substrate is conveyed to the

movable nozzle chamber structure.

5. A micro-electromechanical device as claimed in any one of the preceding claims, in
which each movable nozzle chamber structure includes a crown portion with a skirt portion depending
from a periphery of the crown portion, the crown portion defining the fluid ejection port and éach fixed
nozzle chamber structure defines a wall portion, the wall portion and the skirt portion being configured so
that when fluid is received in the nozzle chamber, the fluid defines a meniscus between the wall portion

and the skirt portion thereby inhibiting the egress of ink during operation of the nozzle arrangements.



novabl e nozzl e chanber structure defining a fluid ejection port; and a
~fixed nozzle chanber structure that bounds a respective ink inlet channel
and, together with the novabl e nozzl e chanber structure defines a nozzle
chanmber in fluid communication wth the ink inlet channel, such that when
the actuator and thus the novabl e nozzle chanber structure is displaced
relative to the substrate, fluid is ejected fromthe fluid ejection port.
2. A mcro-electronechanical fluid ejection device as clained in claiml,
in which each actuator includes an active beamthat defines a heating
circuit and is capable of thermal expansion and contraction and a passive
beam i nterposed between the active beamang the substrate and nechanically
fixed to, buwidisgctrically isolated fromothe active beam such that thernal
expansi on and contraction of the active beamresults in the actuator being
defl ected towards and away fromthe substrate. 3. A mcro-electronechani cal
fluid ejecti®n devi ce Aamicolettmagoharicatiiuid aiac@on devicowh tleiedio ey onetdf e precedinge and

t _he passive &%Hﬁ vifch aQbzR gEa?ch %&xﬁe\ﬂ Gn &€ Exﬁmaﬁa, BLEht é‘Jard ifbfudifly a body member
m cro-el ectromechanical fluid ejection device as clarnmed in_claim

. : d I 2 or 3,
whi ch i ncl UbeE sarodadrabeva e morrecmangpiprats ath suppert ypRrey ¥ tehdsings 2 P et Lt or
and t he novahkged etk bAsaghiceiml Qligned HithCrbdgéBveSiiadejdchi@t porBy dbreil ejpdiedtifoe the
act uat or tow%%%g %Qq?%; waggp&the substrate is conveyed to the novable
nozzl e chanber Sthucture. b. A ni cro-el ectronmechani cal device as claimed in
any one of the preceding clains, in which each novabl e nozzl e chanber
structure includes a crown portion with a skirt portion depending froma
peri phery of the crown portion, the crown portion defining the fluid
ej ection port and each fixed nozzle chanber structure defines a wall
portion, the wall portion and the skirt portion being configured so that
when fluid is received in the nozzle chanber, the fluid defines a neniscus
between the wall portion and the skirt portion thereby inhibiting the
egress of ink during operation of the nozzle arrangenents. W41-SO 0 10
6. A mcro-electronechanical fluid ejection device as clained in any one of
the preceding clains, in which a nozzle guard is nounted on the substrate,
the nozzl e guard including a body nenber that is supported above the
nozzl e arrangenents with support structures and that defines a plurality of
passages, each passage being aligned with a respective fluid ejection port
so that fluid ejected fromthe ports can pass through the passages.
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