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THE I NVENTION This invention relates to an ink jet printhead. Mre
particularly, the invention relates to an ink jet printhead nozzle array.
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PCT/AU00/00517, PCT/AU00/00511, PCT/AUG0/00501, PCT/AU00/00502, PCT/AU00/00503,
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is ejected

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

BACKGROUND TO THE INVENTION
In ink jet printheads, the more closely packed the nozzles of an array are, the better the print quality.
Further, where a nozzle is stationery and an actuator is used to eject ink from the nozzle, such ink is ejected
substantially normal to the substrate. However, where the nozzle is displaceable, ink is ejected from the nozzle at a
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substantially normal to the substrate. However, where the nozzle is

di spl aceable, ink is ejected fromthe nozzle at a Ml 120-SG 2 slight angle.
I f nozzles in the array are directed to be displaced in opposite
directions, i.e. as mrror imges of one another, the ink droplets ejected
from such nozzles are offset with respect to the perpendicular to a greater
extent. This may result in a degradation of the print quality. SUMVARY OF
THE 1 NVENTI ON According to the inventidn, there is provided an ink jet
printhead nozzle array which includes a plurality of nozzle assenbli es,
each nozzl e assenbly conprising an ink ejection nozzle, an actuator and a
connect i ngghhmetb elf nozzies wrths e eve tirerterl to bratispiesedzin epposite diredions, Lavetniiad reges bivee nozzl e
assenbl i eﬁnotﬁb? i Ghic @{of;iaﬂ%@tgi thofh sudh Qxﬁlesve\}etoh‘se@vhﬁ réfdd 8 t&%ﬂﬁ&]ﬂl&uﬂﬁo agshnblehes of

one row nesting between connectin nbers of adjacent nozzle assenblies
of the ot H&™2¥ GR JAdrepfEonqchaPHt 8 of the assenblies of both rows being
arranged on the sane side of the rows. In this specification the term

"nozzl e" | ﬁ@g§h§ba&q s an el enent defining an opening and not the
openi ng | sé¥$R9$%e nozzle o?ﬁeach assenbwg may be noveabl e and may be
di spl aced by rfeetigngp tetinyension dheredt prplvided gr nebpﬂrﬁmd refAecasey vigjeh indtude§ e ct i on.

The act uafmahqo&fn@ﬁﬁfassaﬁﬁlemudyndmyas&%@ cbrhﬁfsiﬂgan iRegai@GhHRt Alacrudid}@nd a
connecti ng nepber eln an arﬁ%haV|g% ne end connected to,

G ot oG AT (OB B G PR h iy R e no PRI DS S8 et i € b
an opposedwenih thd heziactiimt sesbli of aiedow histug heowemnayneling members/athdjawmeen t he
connect i

Shaped f UPTher ol R R ] e e P o PRI PP Y )7 (e
nozzl es aP@e ddaséthamet-al |y hexagonal |y shaped. The printhead may be a

mul ti-color pmhtskedgicatiGioGte@OhOzIeNB Y] BRGndeWod HWE clohenn@ERhLandp&RIZRAd €S
aSSOCIated th.t d the actuators of all of the rows may extend in the
same dir et %mnﬁﬂF% DESCRI PTI ON OF THE DRAW NGS The invention is now
descri bed by ayngfle efcasipbsemly by eafosrabla el mhay bt Hieplaetlompamyr irgsweigteh anmat i ¢
dr awi ngs kﬂm&h&%hﬁmﬂhﬂHﬁ&n&lshoms a three dinensional, schematic view of a

nozzl e assenb §¥ an ink | printhead; Figures 2 to 4 show a three
di nensi onal , ﬁé‘ﬁﬁi"f ?fquhlafi’E‘%"?l%Wyd’f’? a Shermagl, begd actugior. il cpmeqtingmeRPsL 1B s senbl v
of the form of an arm having one end comnecied to, and extending from, the actuator and having the

moveable nozzle fast with an opposed end.

The actuators of said other row may be received between the connecting member of said one
oW,

The nozzles of the assemblies may be shaped further to facilitate close packing of the nozzles.
Preferably, the nozzles are substantially hexagonally shaped.

The printhead may be a multi-color printhead, each color having two rows of nozzle assemblies

associated with it and the actuators of all of the rows may extend in the same direction.

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 assernbly for an ink jet printhead,;

Figures 2 to 4 show a three dimensional, schematic illustration of an operation of the nozzle assembly of
Figure 1;

Figure 5 shows a three dimensional view of a nozzle array, in accordance with the invention, constinking
an ink jet printhead;

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;
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Figure 1; Figure 5 shows a three dinensional view of a nozzle array, in
accordance with the invention, constituting an ink jet printhead; Figure 6
shows, on an enlarged scale, part of the array of Figure 5; Figure 7 shows
a three dinensional view of an ink jet printhead including a nozzle guard,
MJI120-SG 3 Figures 8a to 8r show three dinensional views of steps in the
manuf acture of a nozzle assenbly of an ink jet printhead; Figures 9a to 9r
show sectional side views of the manufacturing steps; Figures 10a to 10k
show | ayouts of nasks used in various steps in the manufacturing process;
Figures 1la to 11c show three dinensional views of an operation of the
nozzl e assenblFeurraiti % eov feedmesienal it stere inflis gansiiethioe 2 adzeisgubled 2ginland 9;
and Flgurﬁﬁm&@§1to 12c show sectional side views of an operation of the
nozzl e assenbl uf tured ccordin t he nethod of Figures 8 and 9.
DETAI LED DES W“ii’l@%‘l g\“‘é‘?“lfﬂi“ﬂ%; Phitially to Figure 1 of the
drawi ngs, a ndﬁ@kema@y&mmwywmmnﬁmﬁemmﬁawm@mmwimmtmmmmnmmﬁmmﬁﬁn IS

~desi gnat ed ger]:@gqn@g |y bp{c &Qﬁﬂﬁ%ﬁ]ﬁé‘nﬁ& Qe iFal %m,;og nfté%ir?E %Ssin%g ;Bﬁ.}ia@.%.l"l ggr 225 i

a plurality of nozz asse I1es 10 arrang In an I arr
and 6) onm§m§EFﬁ@6ﬁm%h%@$¥%ﬁ@@%Gﬂ The array 14 will be described in

greater detai IFid@ @a/to ToShodSSAsHAl e 1dws dTGh YtRBondf Tk hbEIO Bsschlbh StafddBeOr Waf er
18 is deposited. A CMOS passivation |ayer

16 on which iel ectr
20 is depogmﬁggﬂgﬂw %“*%?mfe%?rlc | ayer 18. Each nozzl e assembly 12
includes a nozzle 22 defining a nozzle opening 24, a connecting nenber in

the form gt ALEBHRSCRIPYMBR iR hRAGNGS Or 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 drigfringdnitigliydo figyss) lgofoibe Seltisia §é‘§zz!f BBy MreTordeRs il B th a
skirt porinvedtivn32dedigmed gimelf bpm teltbeen&rrmw&alpmr tAnGiik 30printheed Haka pltlrampbt ion 32

f F to 4 of
or s parﬁmﬂfgﬁgﬁﬁgﬁozfﬁgzopen bl ﬁﬁggﬁég m?%gmhaﬁmwnmm&ergrﬁf Photheo

the draw n CORMIRT CAE T ON Vi
nozzl e ch%ﬂfb’ébe@erqutmgr%ﬂ*er@ﬁt@é’eiﬁ‘@t ed that the nozzle opening 24 is

sur rounded by The AL 16 inBLRE a6 subi¥ald or wafe BN bS GMieh 3Gickfiglle 18)s Of a
hody of | tpeposrced A%I\&(psepagsw%tmn?ayer%{) 18 deposﬁeg’ 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 (Figures 2 to 4 of the drawings). The nozzle opening 24 is in
fluid communication with the nozzle chamber 34. It is to be noted that the nozzle opening 24 is
surrounded by a raised rim 36 which "pins" a meniscus 38 (Figure 2) of a body of ink 40 in the nozzle
chamber 34.

An ink inlet aperture 42 (shown most clearly in Figure 6 of the drawing) is defined in a floor 46
of the nozzle chamber 34. The aperture 42 is in fluid communication with an ik inlet channel 48 defined
through the substrate 16.

A wall portion 50 bounds the aperture 42 and extends upwardly from the floor portion 46. The
skirt portion 32, as indicated above, of the nozzle 22 defines a first part of a peripheral wall of the nozzle
chamber 34 and the wall portion 50 defines a second part of the peripheral wall of the nozzle chamber 34.

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,
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An ink inlet aperture 42 (shown nost clearly in Figure 6 of the drawing) is
defined in a floor 46 of the nozzle chanber 34. The aperture 42 is in
fluid conmunication with an ink inlet channel 48 defined through the
substrate 16. A wall portion 50 bounds the aperture 42 and extends upwardly
fromthe floor portion 46. The skirt portion 32, as indicated above, of
the nozzle 22 defines a first part of a peripheral wall of the nozzle
chanmber 34 and the wall portion 50 def4nes a second part of the peripheral
wal I of the nozzle chanber 34. The wall 50 has an inwardly directed |lip 52
at its free end which serves as a fluidic seal which inhibits the escape
of i nk whéus t¢ thevissostty pighigk 40sndithe suhal] dagnsicns ofifficlspaciyp betiesse the lied? andihgskant er
detai |l bebgin b tine ilVratdiy &%c@n%@@ Ghah@Re fohhath funblbh 20m 2 fvelbif foh Anibite tHé scosity
of the ink 40 and t he smal i mensi ons of the spacing between the lip 52

and the s®FPt o BgTm Bifozs chambe 3nwar dly directed |ip 52 and surface tension
function as arThebdneek 28/ a theddal Hend actuttui 4nd Isichigedidd@o anegha@ etnding kipwardym t he
nozzl e ch a ' uat or

connectedé ﬁhﬁﬁéﬁg §$m5§&%%%l&gg ébﬁﬁaﬁﬁgﬁgq%??%ﬁf %q%ubs ra‘g%fésor

nmor e par t Pewed py spndueiyrpids &6 ONghdorpas slpaiien] comredtiay with Dorctugtr8anchor 54 i s

mount ed on conﬂlge&mawezmaxﬁm‘é& ok &hvefb@aimS%m@Lc&.@we aGétbndC PR GLADRd. Wi t h the
actuator 28.. The gct uat l(7)(%%16 r| ses active beam 58 arranged

above a sBEBHE PaETYR 11?10 ar%"%f‘ré‘?" ?’680"8%2560‘1‘3%‘&‘“3&83?‘?? Bseams 58

and 60 ar €tamfm nigide (TAN)| ude, a conductl ve ceramc material such as titanium

nitride ( Ti N) Bo@pﬁegmsbm 6@ §av§§1g1r ﬁgt Q}ﬁé’ﬁlcﬁo ﬁ't(g thra lﬁrg:ﬁ(;r 5§ gr%sthglnvﬁng(%gc?gldé o the

anchor 54 and their osed connect e n a current
i s causedeopgseiEd *@\H"etaﬁ‘% ngHher hema isi cgusedie Bew @@“&hﬁ@raﬁw by A smshexpagion he beam

58 resul t@fthe/%sa;ﬁ megamss s VR pheiadbetn 60, M@M@lﬂcﬂ%ﬁr@@n& QEER 1bS AR nekgaNt T ow,
does not g)& he. same rate

arm 26 an same ra%e a bendm U c]mentzli cf[eatedbcausm&l tgeq rlr]];D é l{egc Ct%%?é;%?gaé gesng t he

theé™n ace t he
substr at edlm@cqsﬂsdosmmw forrard§ deipubst@ted af Howal nrawlmgs of thh igwiogsuSlgscagses arej ect i on

of ink thg &H&hoftuﬁ%@%%e%o%keéyeﬁgg ﬁllas va prquﬁgm@% df %e'ﬁr%g? wnfmd he

dr awi ngs. VMen the source of heat is renoved fromthe active beam 58, i.e.
by st oppi RYCTUhras Fremor et fom hierctig A 8ol Pestonpipgscutrent flov, se gopziede E‘*ﬁ’fnsﬁbm tion
as shown itsnuiescgrit pesitidn af shbvivein Bigarai oOike eriﬁga Wmal Ozt €222rumeiolts Bibestent | t S

qui escent fs1p SI tlll’llgg{'b 1& @ ls@onngc{ (S)Qre%lglt 4heb a g%‘ld]{ﬂ? %%pellet e%l%'é lusl?ratﬁ:dt p%q; t he

br eaki ng o Reck as i TS gure
dr awi ngs. mﬁ@elwt‘@frwﬂéﬁ Bup i drpplet (64 dheh Gavgly on ¢p thiprinh media Sqﬁrbéﬁ pshegyeh as a

sheet of pp@pRLa reﬁﬁt oaths mlgn ShinelifkQurdpRE 4BE HRRLRF mbliRud iRl Ah&in £ 2

"negative; FELEQE% the drawmgs Trlrlgqneaggtlvg hn?grm;cu?%S xﬁegults in an inflow of ink 40 into the nozzle
chamber 34 such that a new meniscus 38 (Figure 2) is formed in readiness for the next ink drop ejection
from the nozzle assembly 10. -

Referring now to Figures 5 and 6 of the drawings, the nozzle array 14 is described in greater
detail. The array 14 is for a four color printhead. Accordingly, the array 14 includes four groups 70 of
nozzle assemblies, one for each color. Each group 70 has its nozzle assemblies 10 arranged in two rows
72 and 74. One of the groups 70 is shown in greater detail in Figure 6 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 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.
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in Figure 4 of the draw ngs. This "negative" nmeniscus 68 results in an
inflow of ink 40 into the nozzle chanber 34 such that a new neni scus 38
(Figure 2) is formed in readiness for the next ink drop ejection fromthe
nozzl e assenbly 10. Referring nowto Figures 5 and 6 of the draw ngs, 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

nozzl e assenblies, one for each color.5 Each group 70 has its nozzle
assenblies 10 arranged in two rows 72 and 74. One of the groups 70 is
shown in greater detail in Figure 6 of the drawings. To facilitate close
packi ng of t hdurtlsy 29 Gciligls slekyl Haekdnglof the mozzlee2Z p vl 1% Bradd 74 each eezis@2 24 e
assenbl i es%bsiaﬁudu?héxﬁg%m{lr?%a 641 are offset or staggered with respect to the
nozzl e assenblie Al so, the nozzle assenblies 10 in the
row 72 are spatfcr&ﬁ b&@&fﬂflﬂ%‘f}rftﬁr éﬁftﬂf‘gr”feaﬁ“ thap SRl R Are APlesAdigIEds ¢ he

| ever ar nbe @6stof 16.He uROAE kethassaertlenies2411@ink At 4 dight o With r‘és@ecpﬁ&l&a edareen

adj acent éﬂ%l 421111?% e_]gzt %sﬂ&f&@&ﬁx@%&ng&l OItllsr!mtaElf%nt %\{,Vf %g emen shogvn?nﬁa?ot ﬁg

t hat each nozz asse ially
nozzl es 2gures Stapd6 pighy d?@’ﬂi“ﬂé%t throdcinaien 2§ hfehermzziel f’é%’mQIES dhig tltert@”sa@taufht“or s 28

]9f aflr ?c teéﬁenc} Nezzhe: cﬁr%&ﬁm:cdnfﬁde]c@ﬂieﬁ)lﬂs e afdOW Fidhce, ML lﬂ(%ﬁkgtgﬁﬂén bkl b6y | ht 0
acilitate .close packing of nozzl e an ac
nossl e 25218 e L AU YR B IR AP Shagao Tt maTe B8 A Sereh ed by
t hose ski diliceldy thavamdaglardsulingat an impreved privequalkz.zl es 22 are di spl aced t owar ds
the substrate A:fs@’ as sﬁbuH?tﬁFlglgéJ?ot]{tfPe ctr ng@%hl%nﬁ@%rﬁag&ng? dp% t(ﬁ‘l i ght

angle with respect to e nozz anber 34 ink 1S efecte y off

the per pe‘rftiﬁhétﬂ"&? the pigetrical cqppectigipgyit %eadbfﬁ forfles aamrtﬁaﬁ@%ér%ﬁpozglﬂewm 195 10K gur es

5 and 6 ofhetereectdrammagt&mt&ﬂarbnﬂebe;aaﬁtmoery&(aﬁsuafm)t he nozzle assemﬁl [ ﬁs 10
e_of the rows

in the rows 7 n.the.s ction to one
72 and 74. He%{eﬁ rm% zlll?l%urek o%q-te d{aw dxg% a devalp%mennog§1zelmevgnt1mb]§ shown t 1tlc11FeSeV§nc/e2 and

the ink &p die previods rd@mngsrt&entfzmcetm@@ls irefer tchlke paptgy ufldss athe*weff sfpsteliedwr th respect

to each othern, By dhfop AEE: 559;94 %arde@ut Fnbeka o tmutss{mr & SdndLrta ﬂtm Qg 11y,
Al so, as shown in Fi ure drawi ngs, the substrate 16 has bond pads

76 ar r ang®F e é%ﬁclufﬁmh%iy B'F‘B'th efeheying? Iérfélm ipessgee G Irfed thegprroush; Lhet he pads
56, to thessaet sodoinsesRBr ofth mhm)zﬂemh@gsas seidnlokASasdkOblies Th e sk bit siréhc al

connectl Viﬁ).&l?mi(%ee d}‘]q) ho%eo noz é’o rem n9£ thseﬁl%lpsa sesﬁﬁmﬁ%gltl{xba?sﬁc atct):l Fi gure

of the eve ment o e 1 nventi o ref erence
to t he pr%ﬁﬁﬁ&?@gfordﬁta’wm@mfmfé@ reference numerals refer to like parts,

unl ess ot her Wiaebsip @eibedr €8s rﬂoﬂntédhh §pa€¥@¥§£{ti@ﬂﬂ'§ Adlativéio MRZ2G1AR Hedbids 8Dbyl S
mount ed Ohrr]nbg Qr%trt?té'l §)6S tOrm?' (t)fe thejéff:srutg §6 has air 1r?let opéllnngs 88 detpned 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 is charged through the passages 84 at a different
vetocity from that of the ink droplets 64. For example, the ink droplets 64 are ejected from the nozzles
22 at a velocity of approximately 3m/s. The air is charged through the passages 84 at a velocity of
approximately 1m/s.

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 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.
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nozzl e guard 80 includes a body nenber 82 having a plurality of passages 84
defined therethrough. The passages 84 are in register with the nozzle
openi ngs 24 of the nozzle assenblies 10 of the array 14 such that, when
ink is ejected fromany one of the nozzle openings 24, the ink passes

t hrough the associ ated passage before striking the print nmedia. The body
menber 82 is nounted in spaced relationship relative to the nozzle
assenblies 10 by Ilinbs or struts 86. €©ne of the struts 86 has air inlet
openi ngs 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 toget her widdingmih the aiieon subsitsteron Faferglh. thwbielestis draigd § isglapositeien # ykfade of not

ent r ai nedmi Ratbrhe, @herdle@e%mt: erdB lis ih ﬁe fohﬁlaﬂa%&o;umtaygbmic%s m&ﬁ ﬁéns?-t a
different., vel ocit the ink

é’é‘ g % d r%% e(t, ‘{? r exa
dropl ets ’éﬁp“&f’ré“’él] t'd "‘qdrﬂl? yf'rhlé ‘Srf’é‘?iﬂ é%m s52004pc Iy ?ﬂ‘&?&'i ppr oxi mat el y
3nl's. The air Afsr shgrdgetipddntholig 18 helapassagobwid tMsﬂEon/leﬂret)Dﬂ tThe ekist is

appr oxi el yofaf nd, AUEAGRA, Ohi bljefiel wl i b2 ABALS! 1 the passages 84

clear of forei artic nger "exists these foreign particles,
such as dust ﬁalthPfélgb§f the, gravigest @PIIO’UBWFID Otsh’@écrmﬁ?flﬂélnla%%? flepasitadpongdbi/er sel y

af fecti nglaj‘lehﬁl fReQﬁQrsﬁ\Inloﬁ Bnd A alubhidulA@ 0P% @Aﬁb&ﬂ emnagé 104 B @i elopbd) ITeS alﬁmm ngs 88
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deposi t edpo%nihﬂ?ye%u%%? !:h%ﬁlahé%gtai(eﬁmg acgo%t in the design of the mask 110,

In the next step, shown in Figure 8e of the drawings, a second sacrificial layer 112 is applied.

The layer 112 is either 2 pm of photo-sensitive polyimide which is spun on or approximately 1.3 ym 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 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,

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

Other materials which can be used instead of TiN are TiB,, MoSi, or (Ti, AI}N.

The layer 116 is then exposed to mask 118, developed and plasma etched down to the layer 112
whereafter resist, applied for the layer 116, is wet stripped taking care not to remove the cured layers 108

or 112,
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Resist is spun on and the layer 20 is exposed to mask 106 whereafter it is
devel oped. After developnent, the nitride is plasm etched down to the

al um num | ayer 102 and the silicon layer 16 in the region of the inlet
aperture 42. The resist is stripped and the device cl eaned. A |l ayer 108 of
a sacrificial material is spun on to the layer 20. The layer 108 is 6

m crons of photo-sensitive polyimde or approximately 4 m of high
tenperature resist. The layer 108 is sbftbaked and is then exposed to mask
110 whereafter it is devel oped. The layer 108 is then hardbaked at 400C
for one hour where the |layer 108 is conprised of polyimde or at greater

t han 300C wherfethirfgacrifigia dayqrolgo iy appkisd i spieggemat wp of phetprsansitivg polyinyide or pe
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1, 000A of "titani am ni ¢ owed b e i ng 50A
of tant al @ranafte Femgdes themangl 1aY¢&S 103 YRAer 129, @G@lﬂbﬂ@ﬁmdﬁhwhese@pmm@t @fdﬁlec}welf ol | oned

by 50A of121a@ﬁﬂ@sn§jaaatwtgggaw5groftﬁegg.g&2@f Ti N. Clher mat eri al s which can be
used instead of TiN are. TiB2, MbSi 2 or (Ti %N The layer 116 is then

exposed to nas%foﬂ%sacrg@\%]?ﬁbw i5 ARplicd} '%Yssﬁ’ﬁmjéﬁ Hm(TBW’?meB“SFIH%p‘M?@? or1 12

wher eaf t esrppmﬁmarap 2.6ap pl higtCedyfatird ¥@sidt. a YRS 1aybl B8 id MR, SipbdepRRar: hakimmg care
not to renoy e cur a rd sacrificial
| ayer 120n|915S e QTVSIOI%fd%dleave %ﬁﬁ ﬁ?arﬁ%pogﬁm o Shomo’%]!\l%ﬁel% Of'g%flf%w’flgs Eflepr?ﬂ“@’?'?ﬁ de or
appr oxi nﬂtoedogs 02 th@ Igyen 1E|$ gh hztf@ﬁ@é pe00CdorapwrpdmateliTbre hpwmjnehe GROf peyisidé dbaked
wher eaf t ef ,btiork mask 122. The exposed layer is then devel oped
fol | owed b%/&h%rlﬁng?g&?%?gml n the case of polyimde, the layer 120 is

har dbaked at 4’6@1“0@“%1?18‘5?3?3#)65@? Aravia g high goumgipodylus diglecgicdayerel2 istdapysind0” C

wher et here &y@n32Li2 st ®@ABY bipRSinfaRE/ 1§ 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
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,

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 (.2um of silicon nitride or alominum nitride at a temperature below the hardbaked temperature
of the sacrificial layers 108, 112, 120 and 128.

Then, as shown in Figure 8p of the drawings, the layer 138 is anisotropically plasma etched to a

depth of (.35 microns. This etch is intended to clear the dielectric from all of the surface except the side
MJ120-5G



A second multi-layer netal layer 124 is applied to the |ayer 120. The
constituents of the layer 124 are the sane as the layer 116 and are
applied in the same manner. It will be appreciated that both [|ayers 116
and 124 are electrically conductive |ayers. The layer 124 is exposed to
mask 126 and is then devel oped. The layer 124 is plasma etched down to the
polyi m de or resist |layer 120 whereafter resist applied for the |ayer 124
is wet stripped taking care not to rehove the cured |ayers 108, 112 or

120. It will be noted that the remaining part of the |ayer 124 defines the
active beam5 8 of the actuator 2 S. A fourth sacrificial |ayer 128 is
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at greatefg th shown in Figure 81 of the drawing a
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arm 26 an@oﬁe'&?th@-ﬁl@éﬂ@(fn a2 trofily deftBodA 071! p?esen@éﬁ)%m%ﬂs at]'f.othel*efoﬁlI 19 RYREEIS modul us
dielectri s deposited. This [ayer 138 is formed by depositing

0. 2gm of rFSP Eﬁs #]FSFth"Bé“dé‘ treienum nitri de at a t enper at ure bel ow t he
har dbaked tenperature of the sacrificial |ayers 108, 112, 120 and 128.
Then, as shown in Figure 8p of the draw ngs, the |ayer 138 is

ani sotropically plasm etched to a depth of 0.35 mcrons. This etch is
intended to clear the dielectric fromall of the surface except the side
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8 walls of the dielectric layer 132 and the sacrificial |layer 134. This
step creates the. nozzle rim 36 around the nozzle opening 24 which "pins"
t he neni scus of ink, as described above. An ultraviolet (UV) rel ease 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 LN rel ease tape (not shown) is%applied to a rear of the wafer 16
and the tape 140 is renoved. The sacrificial l|ayers 108, 112, 120, 128 and
134 are stripped in oxygen plasma to provide the final nozzle assenbly 10
as shown FhAB¥jures 8r and 9r of the drawings. For ease of reference, the
reference nunerals illustrated in these two drawi ngs are the sanme as those
in Figure 1 of,t. ndi cate the rel evant parts of the nozzle
assenbly 10. gg$%§”Tm%ﬂgﬁﬁhTﬂm%ﬁom1the operation of the nozzle assenbly
10, manufactu rae\\zlafﬂnulatl:at@ﬂldammmows divt bigcujpy eokdgned @ pturalityed ink lidat @hanhelsh
reference,jqo 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

t hat nunerous & ?éﬁqBﬁ§ﬁéﬂﬁﬂﬁﬂ°ﬁﬁdﬁﬂﬂ@§&WEW@Wdﬁ&?wB@&ﬁﬁH%mFdﬂﬂh@E#ﬁvent|on
as shown isgerdblyencipiagi fi ¢ enbodi ments wi t hout departing fronlthe spirit or
scope of the inventi. escr esent e Lrents are,

t hePef ore, to be COI’]llg(l s mndngqhay 7 nozezgetclsmn-z!'l;gr llnﬁ]] SR nic‘%‘/e‘m gn gk
restrictive. Niletthgel 8@ aQogZlembdBe in ﬂumrvommknqa@cm vith ihq nérela chambeargthd | ncl udes a

waf er substrate t%Telohgaﬁqaﬁm%ﬁ&ﬂﬁ&%&%@% &rwﬁﬁﬁ@lmqﬁefrabmémaﬂa@étﬂé ality
of ink inlet channels; and at |east one pair rows of nozzl e assenblies

posi ti oned on‘Pﬁ@3%H?@F“gﬁ%%¥?%f%S@%%@W”ﬂﬁi&?%““ﬁ@%éhﬁ@&m#ﬁePdﬂi%ﬁﬂ%n i nk

ej ection nozzlwetidgat defi nes a nozzle chanber in fluid comunication with

an ink inlet tﬁm Jssef?l % %ﬁélte% 59 ngtr?lllerlxg%ege?tignlngizgs &%m@-\e(r\’c?\{'[slo i th the

nozzl e chamber; an e te act uat or I's connecte “rive
circuitr yasa'ﬂﬁvéhqsgre@ﬁiéqe%{meenlﬁ fdfcfen@p:r@&@f theppgher 1qy 25 1oazipgysemblics with ﬂ@factaaﬁors

el ect ri cabfr&p@alovslc@BAdind @ ddiickaV§ ofpbdite Witdefins.t 0 e€j ect ink fromthe nozzle
openi ng, the nozzle assenblies being oriented so that the ink ejection

nozzl es of one of the rows of nozzle
2. An ink jet printhead as claimed in claim 1, which includes a number of pairs of rows of nozzle

assemblies, with each actuator of one row of one pair of nozzle assemblies being interposed between a

pair of actuators of one row of an adjacent pair of nozzle assemblies.

3. An ink jet printhead as claimed in claim 1 or 2, in which each ink ejection nozzle has a generally

hexagonal plan profile, the nozzles of one row of each pair nesting with the nozzles of the other row,

4. An ink jet printhead as claimed in any one of the preceding claims, in which each nozzle includes
a crown portion that defines the nozzle opening and a skirt portion that depends from the crown portion
towards the substrate, the crown portion defining the nozzle opening and each nozzle assembly including
a wall portion that bounds an ink inlet channel associated with the nozzle assembly, the wall portion and
the skirt portion bounding the nozzle chamber such that, when the nozzle is displaced towards the

substrate, a volume of the nozzle chamber is reduced and ink is ejected from the nozzle chamber.
5. An ink jet printhead as claimed in any one of the preceding claims in which each actuator is an

elongate thermal bend actuator that is connected to the substrate at one end and is configured so that an

opposite end is displaceable with respect to the substrate on receipt of said electrical signal.,
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assenblies are adjacent the ink ejection nozzles of the other row of nozzle
assenblies, with the actuators of respective rows extending in generally
opposite directions. 2. An ink jet printhead as clained in claim1, which
i ncludes a nunber of pairs of rows of nozzle assenblies, with each
actuator of one row of one pair of nozzle assenblies being interposed
between a pair of actuators of one row of an adjacent pair of nozzle
assenblies. 3. An ink jet printhead adfclainmed in claim1l or 2, in which
each ink ejection nozzle has a generally hexagonal plan profile, the
nozzl es of one row of each pair nesting with the nozzles of the other row.
4. An ink%j et ‘Prihetreatead & daimsdivelaivg, Anicheneh hepHeclisewpedivabeasieed ars, i n
whi ch eacdcda ;@&1& Hem; bilghetShe adtive 5Memmfgtah aatdchataidefilnasd bR onPRAbB1 Openi ng
gﬂgsﬁr Zi(le‘rﬁnlatt %an s an corpr%ct% gf%ehndtsd ];nrdo rq)Sf:(HlentHrcoc\ﬁm d, or té%l%nbemté(r?ggtéoaﬁ%wﬂbzzl e
assenbl y Iieweqtmidﬁmlg othgy Swdll that hating od cmhag olpbaimtee l&nm |r¢sklt5|nm Higtlacerimanpiche
associ at eglupwbt h the nozzl e assenbly, the wall portion and the skirt
portion boundi ng the nozzl e chanber such that, when the nozzle is displaced
towards the substrate, a volunme of the nozzle chanber is reduced and ink
is ejected fromihhet pﬁmheasc&mm:ieiﬁ claim 6 Amwmalkﬂjeeécolprpaﬁhﬁda&aﬂl asnterbcabdmd in
any one i.n. whi ach actyator is ate
t her mal Oﬁewscf agéjﬁ%ta%@e %% | S eé%)ﬁtﬁateecf hghaf e su SRR °“81F1§e & and is
conf i gur efan @Sqlhmm%qmat@;bmﬁlwc@ﬁwardsthelﬁ@ﬁtﬁﬁ@@h@b@gmdwhbspgspemtraCtlw t he
subst r at €@ abtRE BdaRtres@fs intRd MruBbr@6ihg digpBkedive) W thd\Bbsd40- SG 10 6. An ink jet
printhead as clainmed in claimb5, in which each actuator includes an active
beam and a second passive beam at |east the active beam defining an
el ectrical heating circuit and being of a material that expands and
contracts when heated and subsequently cool ed, the beans bei ng positioned
with respect to each other such that heating and cooling of the active
beamresults in displacenment of the actuator. 7. An ink jet printhead as
claimed in claim6, in which the second passive beamis interposed between
the first active beam and the substrate such that heating and subsequent
expansion of the active beamresults in the actuator being displaced
towards the substrate and cooling and subsequent contraction of the active
beamresults in the actuator being displaced away fromthe substrate. M
120- SG
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