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VETHOD OF FABRI CATI NG | NKJET PRI NTHEAD HAVI NG PLANAR
NQOZZLE PLATE Field of the Invention The present

WO pwefsisen relates to the field of inkjet prinp¢iratz007/001618

manuf act ured usi ng m cro-el ectromechani cal systens

(MEMS) techni ques. Background of the Invention Many

different types of printing have been invented, a

| ar QAETWBIOPFABRIIA RINGANKSANE PRINTHISED HAVIKGOMOANAR

fornms of print have a variety of nethods for marking

the print nedia with a r@KH@éhE1H®$?Eng medi a.

Comonly used forns of printing include offset

printing, laser printing and copyi ng devi ces, dot

Eﬁﬂd&ﬂméyﬁenﬁmpact printers thernal paper printers,

filmrecorders, thermm inters, subl i mat j on

pri nt SRS DPIERRNt iFenten ff‘rlart?ﬁttért%e B%in of kit rr)émare@;@ﬁ yanufactured using
Qgﬂglg h type of printer

ﬁﬁgﬁ%ﬂ§ﬁ§gﬁ8 %%2#%5%? ?R%Pm’ when consi dering

cost, speed, quality, relrabrlrty, simplicity of

onstruction and operation etc. In recent years, the
éﬁg$¥P¥¥Q£¢ﬁ@9ﬁ¥ﬁmﬂﬂg nting, wherein each individual

pi xel NMahy idifkerb s tfRS ?ﬁnﬁﬁ@ﬂdv‘%%e@[nv@ﬁ’t%@ d lﬁ&e%%e?@f which are
has becone |ncreasrng y popul ar prrnarrly due to

prescaplyns iuye Hmicmmnsfatmd; ef pratthnec a Moty df ﬁlﬁ‘élroém for rnarkmg the print

te hnl ues on r have b nted. .For

bSOl * BBkt BleRaidr COmeREY uiiden o Bt ifedids offser

Elr\{nt-ﬂng'\/maél%riﬁhmg And @@@ﬁiﬁg B&dicds] i mdtik ¢ liﬁl h@Driafes, thermal paper
storical Perspective", Cutput Har d Vi ces,

Bdntews §InRroafsisek t@malsszmtersp@@es@bmmn priwers gk jet printers

f

lP@tE o%%e[(ﬁ‘ép u‘% ﬁ r?laﬁr{j : Cmcog 1 &aougg{ngt%\lz hl@o Uggéﬁ tgrgé OF érftﬁlgrnkﬂ(as its own

advmmgbﬁéndqrrbbﬂbms gvhappeaidering cdat pdbacduatity, adliabiag tsimplicity of

1929 wherein US Patent No. 1,941,001 by Hansel

ﬁﬂ§€P@§é§m§f§FﬁﬁPQGWornrof conti nuous stream el ectro

stati r ,

et al fn lleP |I\§ct gglgfsa%af Hr%rsjg cgltls Nge{:egrr?%ﬁﬁ%%gldpﬁﬁﬁ}% of ink i

f@tivedrfromt bmgor matetidk ngzzﬂdsehas benmwhiacensingli@opulky @timarily due to its

streamis dul at ed a high frequenc
mexpensive an Versatele naturgl 9 g y

Many different techniques on ink jet printing have been invented. For a survey of
the field, reference is made to an article by J Moore, “Non-Impact Printing: Introduction
and Historical Perspective”, Output Hard Copy Devices, Editors R Dubeck and S Sherr,
pages 207 - 220 (1988).

Ink Jet printers themselves come in many different types. The utilization of a
continuous stream of ink in ink jet printing appears to date back to at least 1929 wherein
US Patent No. 1,941,001 by Hansell discloses a simple form of continuous stream electro-
static ink jet printing.

US Patent No. 3,596,275 (Sweet et al) also discloses a process of a continuous ink
jet printing including the step wherein the ink jet stream is modulated by a high frequency
electro-static field so as to cause drop separation. This technique is still utilized by several
manufacturers including Elmjet and Scitex (see also US Patent No. 3,373,437 (Sweet ct al)

Piczoelectric ink jet printers are also one form of commonly utilized ink jet printing

device. Piezoelectric systems are disclosed by Kyser et. al. in US Patent No. 3,946,398
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el ectro-static field so as to cause drop separation

This technique is still utilized by severa
worerwahsassar ers i ncl uding El nmjet and Scitex (seRCEHAB200U801618

Patent No. 3,373,437 (Sweet et,al) Piezoelectric

i nkjet..printers are alsq one.formof co i1

P b iR o s S oPRS R e st TRt Ne' 3888212
Ghihl dsestedy sdiies RS mbde ofdperdtidn dBa PaiB8kCtNO crystal, Stemme in US
3, 946, 398which utilizes a di aphragm node of operation,

Byt e. &n/ 470l 20g)isebasent begsl madaeiozpeloghicctpeition) ldewking in US

f. rafi i ectr.i. t.al ;
BEUAGE TRAG Rl QARER b0 Bl B SERBLEELEL B FLHRIAL et scam
atiEisefbepit BIZI0S UESBYUIS00 waper dibdlodes aldbydt intRleitypd 8F pRadoelettric
No. 4,459,601 discloses a piezoelectric push node
HeRsgHEST SIFTBMtt he ink jet stream and Fischbeck in US

4, 584}@9&&6’9&@ tl@nﬁgll iR ?é g?llelrﬁrg ?ﬁs GG e b} REtr ely popular form of

pi ezoel ectric "transduce More recently;
tnkgetrpaintinpk The inkget priritmg ttdaidues owkidathasx tiselostd/by Endo et al in

PR LY ettt i b LA T B ot recsloshbpifedfeihoes
dR04dLanRNd pMasE ecktiq@s thdl ri$ ot B8R, ab@BatidRUMAn et trothermal

af orementioned references disclosed ink jet printing
aasedion ojlighk resulis inrtht greapomot heubbde ineagdnstmictstl sagce, such as a nozzle,

el ectrothermal actuator ich results in th reatio

ShRE AR LR KR o Rh Fou et s a8 fefinca space
Bt Ghelchait 9biyt Mmadis e Prihhity 84vecdsivaNzRk thdWedtFfieAnal actuator are
aperture connected to the confined space onto a

menefgetateddy manutecdirgrs speh pt CarpnoadiRiendettPrekagd.ng t he
| ect LO- t J ) o )
it ASeh B Sth o UR'RicaB8, MR AEI BRePYe prpting technologics

ar@nvbitabée eldedltyg mptiheng eckgdogngshonkimavdiafiiebenst degipetse attributes.

of printing technol ogies are available. ldeally, a
EL‘FSﬁt“il Y IBERHISBHE FOBHY IR andhapcitininitigh srsed gagptio safe and

LB 18R I‘g}eﬁ%ﬁoﬁ;@ra&i@% e deaich ?@&Hﬁ&é %}%’ glag %(Qj% #UGHA UivaRles and

oper ati on,~ hi gh speed operati on, cont i nuous
tiomtyategen iopke atasoof cestc spedoduatier lmbdgy, poswer heage, simsplicity of

own advant ages and dj.sadvantages.in the areas of cost,
SR RO Qe OB usage, si i i ci ty

of CORfhY WA PRnARAAPLrk @Onst RdtedRitiliktny nABR-A8ARIAERRARS] systems
Many inkj et "printheads are constructed utilizing
VEMD) é¢ doiquonreshsushc iy sspdite ey GhaEVBndase nté diefed cirpat

h .end I .andar d i d
S R R SR BE A E08 8o warer

S 0] cnni

gepi@ag ictitdig ppHRASbf tha)yinsr PRed. Wikhif iticv@tetuitfabrication technology,
etching certain portions of the planar |ayers. Wthin

&qrfaie WA RS e betieh knewt then otheeh gt gggmple; the techniques associated
with the creation of CMOS circuits are likely to be more readily used than those associated

with the creation of exotic circuits including ferroelectrics, gallium arsenide etc. Hence, it
is desirable, in any MEMS constructions, to utilize well proven semi-conductor fabrication
techniques which do not require any “exotic” processes or materials. Of course, a certain
degree of trade off will be undertaken in that if the advantages of using the exotic material
far out weighs its disadvantages then it may become desirable to utilize the material
anyway. However, if it is possible to achieve the same, or similar, properties using more

common materials, the problems of exotic materials can be avoided.
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certain techniques are better known than others. For
exanpl e, the techni ques associated with the creation

WQ@R00OWS4Ei rcuits are |likely to be nore readi | pCTIa82007/001618

than those associated with the creatlon of exotic

glt (r:c uhtgﬁlgl!ggrcf?t# %%é‘e%&g@a{n&gﬁl}ggt%rﬁhgriﬁ Pg ok l’Ir?al%K[eSI’lgIQCG Printhead
fRbsdnated inBREsesttie lifletie 2€ a\WeintheBd AYEEM25RFIthCRTAMEHS be used after
fabrication techni ques which do not require any

iddscprriagls. Tornaead sdessotgyringhigad pagitenancy aigdhe gaoval @fenatftéﬁuﬁates from
r n

ﬁ’lg% ?naeggé, g‘é O?Q‘%g %II ﬂ%&ed o%?ot e %ﬁ{l{h%gc? Félcé,;bgﬁi I?l%f) ocﬁm% %ﬁ nozzles
wh&hdnegalﬁbcamé @g&ked h«ah inkt (‘deapbec (pﬁﬁlcdﬁsdsrﬂbhﬁtd; @ variety of
utjilize the materi al ¥ aﬁlkbmever if it is
[sERunpIsay e befaised éortrEthes ainienagperspgl} as fyetionsappess and
%gf WP@§W§% on materials, the problens of exotic

teria can be avoi ded. An inportant aspect of any
i nkj eHoprvat e ulsu;al mro'hhd:rheafcbrhﬁheaﬂema’mteaancE’ra'remﬁaeatiated in the

tenance i.ncreases lifeti f a pri thead an
AR EE S PRy R 0 i RS e festy BPeseongBEted on a
di ME’(BIP@hfeﬁhﬂﬁ MENIK itéthRRAEs. Wit ﬁfé@@ﬁﬁnﬁé@dstap@v rg'ﬁ%\!(ﬁénswe to
of particulates fromthe printhead, renovin

fiapedetdrep ey atm@pmallmds@mbufstathm othpiinkiebpides wﬂg apdl, hence, have

zz]l es whi.ch Y
B to RSP aeBs e oy s b e sk S Rabia the
h@phcausRsh Fropospl b At MRIVEL eEENGRs feUihtiRRd ShiGhtt@hce, including
cappers and squeegee-type w pers. However, the usua
POIDBERS MpAntRRange %@h@lqn% oA o HesamaingsnaBes leehragres gre
H %Hﬁfg%h'l& U?@ﬂ AN *11%6%%5 ALY oé@"ip %o@?"ﬁéz% 707 (filed Oct
ensi ty 27 es constructed ‘on a silicon
mgmgs)yﬁm% GO filgd €t 11/\¥20|05) 1t1me3ﬁssr(ﬁlaﬁhelgd1$) am(ns) and
ver ine ensive to nmanufacture, the etylc
|1L~/§§5 Gﬁ@d {H%AL.A008). thegqnigntsef saehy @%mr wgﬁae h%@ﬁé%corporated by
e dditherto required special consideration of

printhead mai ntenance. Accordingly, the Applicant has
pr opoBedbudd baddsenblofto pmvede 4 MEMS gagesvidtbrpriptlicad helsidh is amenable

nanc ncl,udi.n on- cont act nt enanc
PR AG Prigi a0 B e e P B e B A e inggrgnce
RYBARhds It%dl@bé’ﬁrﬁ@paésﬁﬁﬁl'e@@f)m%ie QN{EWEMGAJ haveth superior

Cct 11, 2005); 11/246, 707 ed Cct 11
mmmals@@uetmseu vantd hafu lrallliltMB@VQE81 MEMSeplrmthead which
F]r ac%lg m%E n?lt?er B%r%%‘;‘lgt% ‘%Een(cf e%té‘?]e %H@%a‘b%lﬁ‘g gn&nce

by reference. It would be desirable to provide a MEMS

Eagemndth printhead, which is anenable
ummary of the Invention

In a first aspect, there is provided an inkjet printhead comprising a reinforced bi-
layered nozzle plate structure spanning across a plurality of nozzles.

Optionally, each nozzle comprises a nozzle chamber having a roof, each roof being
defined by part of said nozzle plate structure.

Optionally, the nozzle chambers are formed on a substrate.

Optionally, each nozzle chamber comprises said roof spaced apart from said
substrate, and sidewalls extending between said roof and said substrate.

Optionally, each roof has a nozzle aperture defined therein.

Optionally, the nozzle plate structure comprises:
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to a plethora of printhead nmai ntenance techni ques,
i ncl udi ng contact nai ntenance techniques. It would be

WO eoovkgas4dlesi rabl e to provide a MEMS pri nt headP¢EURIY7/001618

superi or mechani cal robustness, It would be further

. . 4 ,
desirable t rovide MEMS print head,. which t a
i - nuBey nofs B iiees R an el Serd PR e plae
RiViRE DpREITRONESMRER in&HIBRGY, Oof the Invention In a
first aspect, there is provided an inkjet printhead

conpr i si ngPketershist fllingsaipichelies édd nozzl e pl ate

structure j S u | les...: .
pt i onal |y “SA A ACH R SRR L O RER a3 pid photoresist.
havi nQpéonadf thegaamdmoatic pritnd:thes b phaahyxteaot subfacs af shid
nozzl e plate structure. Optionally, the nozzle

PRMAtAk s are formed on a substrate. Optional Iy, each

nozzl e ' [ r :

o d B e N B s SRS R e A or differen
maefiabnd said substrate. Optionally, each roof has a

nozzl e aperture defined therein. Qotiopnal.l t

noz21 Orfbs: T i e e Batet iy Rap bl o ¥Pe

spann OEQOI_@&I]@/', e @hdtér¥al Qhre RRdpbidontls dblectEd o thO é?duﬁ .comprising:

pl ate having a pLurallpé of "cavities defined therein;
phoeroniggdes silifen dxidganhiidcapanriynitede. and a second nozzle

pl at ecoveri n aid first .nozzle plate and said .
Phot oPBEVEUI shshar FPbiiS S0ugaR sPirBud R substrate, seid
A6 N @8nde Pt ANFsin CXERIF kificesd U frofemahidSsabstraa it i@aehlls extending
Optionally, the first and second nozzle plates are

beswpen sediraof andghaaid apkstrate, wherehr it fitshreazicalate and said sidewalls are

i I ials are ceramc materials
g@%@%ﬁ?&%ﬁ%”%ggﬁg%% } Optionally, the materials are
I ndepkngdsbhd aspettethicads promdddha igkjorpimbegdrintegngd circuit

silicon nitride, silicon oxide and silicon oxynitride,
eS|y, each nozzle conprises a nozzle chanber

formed on Qs&dé%ﬁerlﬁt«ﬁl? gﬁ?ﬁr‘%h@%ﬁf%%@?%@& (feRIBAY | Sing

a roof spaced apart f sal ubstrate and sidewal |s
ext endi ng beteesnitsacldetricdly @ndegel © stiagirs atseciated with said
mherehgﬂ(gggufirst nozzl e plate and said sidewalls are

a reinforced bi-layered nozzle plate structure spanning across said plurality

of nozzles.
In a third aspect, there is provided a method of fabricating an inkjet printhead
having a planar nozzle plate, the method comprising the steps of:

(a) providing a partially-fabricated printhead having a first nozzle plate
comprised of a first material spanning a plurality of nozzles, said first nozzle plate having a
plurality of cavities;

(b) filling said cavities with a filler, such that an upper surface of said first
nozzle plate and an upper surface of said filler together define a contiguous planar surface;
and

(c) depositing a second material onto said planar surface to form a second

nozzle plate having a planar exterior surface.

Optionally, the second material is deposited by PECVD.
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conprised of the sane material. In a second aspect,
there is provided an inkjet printhead integrated

W@ R0eM5254xonpri si ng: a substrate having a pl ureCT/AYy207/001618

nozzl es fornmed thereon; drive ‘gircuitry el ectrically

connegted t ctuat ors.gssoci af e | ai d nozzl es; e
and aopgons By BTt Sy B aRBl oy by B il RRBGpERer serifica
SiaelN JoRe kA8 Sirstabgzlpblatal ity of nozzles. In a third
aspect, there is provided a nmethod of fabricating an

i nkj eOrpenatlyhtgdirstand necoad phaserals #1621 s cardéfferepiefrom each other.
nmet ho I S| t ; . | di

e gL B8 s SRl AR IP G gom e s
pdrapresinn Rdichs adridd, sdicbh bsidenmd eilicah osydmidcNg a

plurality of nozz]les, said first nozzle plate having a

pl ur apipf19naglﬁ” thgvilker sphotas§sisti | | i ng said cavities with

a fil : C : f.esaid first
nozzl QS{S?%@Q ’ g‘ﬁ%@%s @%ﬁdé?’ggﬁﬁ%{%@g%pgaoif‘d filler
t oget her déf){ipdermsitiopkilgueo o pipdtamsist e fad éystangzl€ plate so as to
?ﬁpo].giti.ng a aecond material onto said planar surface
10 SHGCAYECS @88nd nozzl e plate having a pl anar exterior

surface. [iDR&hbYing b PErtRACIREdPRbRI M shch HERASIph8surface of
by PECVD. %?gngnal I y?gt %e first rra@eri al is deposi tp?-:\)d SHEAeE

pjd PECYDZZploteaand an Upberrsarfaeaef safd Wiogresigsflfing shid eavities together
nozz%e plate. Optionally, the first

f%rrgascaiﬁlflirsi ) X

A OBHE M T1aPE e the same or different from

each obhefiallyOdcin@iRdd furthth@niprissd thaRgtpFcond material s

are independently selected fromthe %r oup conpri si_ng: )
silicon ni theraaly ssflpwingrsaishahotorayief te faciletais compiite fillge of said
Optiopalty, the filler is photoresist. Optionally,

step (b) 1S perforned by the sub-steps of: (b)(i)
deposOptitgrlig, stay @) (iDfis pdréiroiee dy sherithbmsdiadichl plstarization or by
nozzl e pl %e so as to fill said cavities; and

photoresist etching.

Optionally, the method further comprises the step of:

(d) defining nozzle apertures through said first and second nozzle plates.

Optionally, each nozzle comprises a nozzle chamber formed on a substrate, said
nozzle chamber comprising a roof spaced apart from said substrate and sidewalls extending
between said roof and said substrate, wherein said first nozzle plate and said sidewalls are
comprised of the same material.

The printhead according to the invention comprises a plurality of nozzles, and
typically a chamber and actuator (e.g. heater element) corresponding to each nozzle. The
smallest repeating units of the printhead will generally have an ink supply inlet feeding ink
to one or more chambers. An entire nozzle array is formed by repeating these individual
units. Such an individual unit is generally referred to herein as a “unit cell”. A printhead
may be comprised of a plurality of printhead integrated circuits, each printhead integrated
circuit comprising a plurality of nozzles.

As used herein, the term “ink” is used to signify any ejectable liquid, and is not
limited to conventional inks containing colored dyes. Examples of non-colored inks

include fixatives, infra-red absorber inks, functionalized chemicals, adhesives, biological



(b)() renoving a portion of said photoresist such that
an upper surface of said first nozzle plate and an
Waeppens2sus f ace of said photoresist filling saiRCT/AU2007/001618
cavities together define a congiguous planar surface.
ther "co rlse

b icAoaty SuEyhg g éqhs?nasra GRTS0 OF oo i o e feRyeBle tiquid also

H&AMoE hecebdakily Pda @tﬁcﬁ%h tigGyhid @8y c@aammfabﬂeylsmﬁbe Folid particles.
(b)(ii) is performed by chem cal nechanica

pl anari zati on or by photoresist etching. Optionally,

Bngf :&H,go Hfﬁﬁ%ﬁ-&ﬁl rises the step of: (d) defining
nnzzﬁg—ageﬁiures—rﬁroggh said first and second nozzle
p L a:TSEmb@Trﬂdﬁgsaiﬂthe ple&gllﬂ 1ﬂv@ﬁtZ(b113wﬂD1ﬁdm)l‘l bs d?scﬁbél}bﬁ%bvay of example
chanmber formed on a substrate, said nozzle chanber
erlrsrithsicfrgenee te Bic aspRrpRAny Mg e Wmesn 4ieh: subst rat e and
si dewal | s extendi ng between said roof and said
substrate, wherein said first nozzle plate and said
BigdesnhbHosvsar mricdlypiabsededodnit dodl falmeMiBM 8 nozdle arféyeon a printhead
ri nt.head accordln t.o the i.nventi.on conprjse .
Eicarins Byng ey i aaliCn b vy RSt sreemRMBas A Figure 3:
actuator (e.g. heater elenent) corresponding to each
nozzle. The smallest repeating units of the printhead
Rigute Yehwovsal poyspsaiies elrihe pietigllpEibyicated erit felbeli Mguicnk t o
one or nore chanbers. An entire nozzle array is forned
by repeating these individual units. Such an
Figdta/3 Shoads thBidarkt Ss@amed alithhé SR oOf 81 he@tehElERbRt Bk
‘unit cell". A printhead nay be conprised of a
plurality of printhead integrated circuits, each
It [ LS lity of
ﬁfggﬂi J‘{%aads lcﬁ'(bngg ﬁ&egfe t%ﬁ "uﬁtd o1t gﬁgﬁﬁnhé Iéﬂrc]E af ﬁleﬁteg&é@
signlfy any ejectable I|qU|d and is not limted to
conventional inks cont n|n bored dyes. Exanpl es of
RigHICD 1S RSP Rl Yl?l‘t‘flotﬁ '>€§4C|S een i Jigrda- red absor ber
i nks, functionalized chem cals, adhesives,
bi ol ogi cal fl ui ds, nedi canents, water and other
Bigueetisshe smask swooated Thih thakepositiop ef saiifeidl phetodtsat swwn in
eed ?ot necessarily be a strictly a liquid, and may
’n a suspension of solid particles. Brief
Descrlpt|on of the Draw ngs Enbodi nents of the present

i nvention will now be described by way of exanple
Figure 7 shows the unit cell after the deposition of sacrificial photoresist trench, with

partial enlargements of the gaps between the edges of the sacrificial material and the side
walls of the trench;

Figure 8 is a perspective of the unit cell shown in Fig 7;

Figure 9 shows the unit cell following the reflow of the sacrificial photoresist to close the

gaps along the side walls of the trench;
Figure 10 is a perspective of the unit cell shown in Fig 9;

Figure 11 is a section view showing the deposition of the heater material layer;
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only wwth reference to the acconpanying draw ngs, in
which: Figure 1 shows a partially fabricated unit cel

W@Boowhe2sMEMS nozzl e array on a printhead accorBCTgUL@®7/001618

t he present invention t he uniz cel | being section
A of Fi Fil gur per spective of

?ﬁgrf%]afllsla&efayeet 519 éléﬁ 158{ %ﬁ‘i ﬁ%mélglnil 1F| gure 1; Figure
3 shows the mark associated with the etch of the
heater el ement trench; Figure 4 is a sectioned view of
Figarah s tl@éemilskaa‘swnat@ciie/ltétﬂ@mm@ml ¢thle of hehepicr mpigripleshgwn in Figure
L a perspective view of the unit cell shown in Fig 4;

I'gure 6 is the mask associated with the deposition of
sacrificial photoresist shown in Figure 7; Figure 7
shows the unit cell after the gepOSition
Eigurs F4 isiparctpmotisy showingthemets! ctih {hshang thedieater actuators;
enl argenents of the gaps between the edges of the
sacrificial material and the side walls of the trench;
Figgur B 8 aipsrspegerselat uniecetif shotve imbig 14el | shown in
Fig 7; Figure 9 shows the unit cell follow ng the
reflow of the sacrificial photoresist to close the
pRRR A QM MB& AkoGatv@lith 1R ett:in ShdwieRdhg 17 gure 10 is
a perspective of the unit cell shown in Fig 9; Figure
11 is a section VIeM/ShOMAng t he deposition of the

PRAMCIT MRS LonaTih aT RSt fuPe PEL SRSl Sylas the ink ine

fStH0 phhvadomaybr shepEtal CRIohddfe lhfi@s;heat er materi al
shown in Figure 14; Figure 14 is a section view

showi ng the netal etch to shape the heater actuators;

j 19 r Q cell shown in
Eiggwlﬁ& 1JSéiﬂgeﬁsip gCti}% Oisfgﬁ et‘iiéy%éls%og@ g%gi@a{ éd with the etch
shown in Fig 17; Figure 17 shows the deposition of the

hot or esi st | ayer and subsequent —etch of the ink inle
Figufﬁhle‘) Pousitdrids etp%.yew%ht%? Bpsshrtipp and DY tavgis to the underlying
&ﬁ&ﬁf@akfl ure 18 is a perspective of the unit cel
shown 1 n Fig 17; Figure 19 shows the oxide etch
t hrough the passivation and CMOS | ayers to the

Eﬂg%?er (}/ 1js %%e?sipleétfv%nof\{\ﬁef gnrit; cell shown in Fig 19;

Figure 21 is the deep anisotropic etch of the ink inlet into the silicon wafer;

Figure 22 is a perspective of the unit cell shown in Fig 21;

Figure 23 is the mask associated with the photoresist etch shown in Fig 24;

Figure 24 shows the photoresist etch to form openings for the chamber roof and side walls;
Figure 25 is a perspective of the unit cell shown in Fig 24;

Figure 26 shows the deposition of the side wall and risk material;

Figure 27 is a perspective of the unit cell shown in Fig. 26;
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Figure 20 is a perspective of the unit cell shown in
Fig 19; Figure 2 1 is the deep anisotropic etch of the

WO p0ojosdseés i nto the silicon wafer; Figure 22 iBCHAU2007/001618

perspective of the unit cell shown in Fig 21; Figure
23 is the mask associated with the photoresist etch
shown in Fig 24; Figure 24 shows the photoresist etch
Figufcorans dRenbkdssd@ited Wethehandele fm@fchaRews iflBig; | s;
Figure 25 is a perspective of the unit cell shown in
Fig 24, Figure 26 shows the deposition of the side

' hal . Fgure ' e tive of
Ffute A thoblsite SRAGE S roqt LA SBrER T oS APIRRRILANE ¥
associated with the nozzle rimetch shown in Fig 29;
Fi gure 29 shows the etch of the roof |ayer to formthe
Rigpmn 3 isgeretspreiveiohtheriygised ssowndn Byl specti ve of the
unit cell shown in Fig 29; Figure 31 is the nask
associated with the nozzle aperture etch shown in Fig
Bizure Igartlee B2sksdsevmatthevitbttidhnadzlet dpertneatchnrshbeniimFig 32;
formthe elliptical nozzle apertures; Figure 33 is a
perspective of the unit cell shown in Fig 32; Figure
BrbusMsholRehdIBLR oL@k o thRErNAS Ksthe ellpALNGozAL @FE RUres;
ashing and wafer thinning; Figure 35 is a perspective
of the unit cell shown in Fig 34; and Figure 36 is a

. ' f f I
A PR TBSENR AL PR Sy o5 o 2

perspective of the unit cell shown in Figure 27 after

cavity filling; Figure 38 is a side view of the unit
Eeure Fhdwwsithe ml‘gqg%eaf@] baglsishe cichangs glagmp @sffing and wafer thinning;
deposition; Figure 39 is a perspective of the unit

cell shown in Figure 38; and Figure 40 is a cutaway
PeuspErisiaverspbctivefitind ingactll shbegriaredBcanduit W th a
reinforced bilayered nozzle plate. Detail ed

Description of the Preferred Enbodi nents Referring

F%‘u{é A 115¥1 ctu@dv&ﬁz\%éfs?eéﬁﬂe drlg" _a%%f 1%}%’& oft aGHHANEY integrated circuit.
per spective Vi of a MEMS printhead 1 ntegrated

circuit, as described in our earlier US Application

. 11/246,684 (filed October 11, 2005 t he cont ent
BT Sieher e o R Lo ey Frarer LhiE R0 Bl

in Figure 36, each row of nozzles has a respective ink

supply channel 27 extending along its | ength and

Eigppd 38 ing sidekviewp o thsunitage]lshowh in Riguien) 7eafter 2 5eqond eeaftdeposition;
row. The ink inlets, in turn, supply ink to an ink

conduit 23 for each row, with each nozzle

Figure 39 is a perspective of the unit cell shown in Figure 38; and

Figure 40 is a cutaway perspective of a printhead integrated circuit with a reinforced bi-

layered nozzle plate.

Detailed Description of the Preferred Embodiments

Referring initially to Figure 36, there is shown a cutaway perspective view of a
MEMS printhead integrated circuit, as described in our earlier US Application No.
11/246,684 (filed October 11, 2005), the contents of which is herein incorporated by
reference. As shown in Figure 36, each row of nozzles has a respective ink supply channel

27 extending along its length and supplying ink to a plurality of ink inlets 15 in each row.



10

15

20

25

30

chanber receiving ink froma comon ink conduit
extending longitudinally along each row Nozzle

Wap@posases 26, having a respective nozzle ri mPSI/AHZ®T7/001618

defined in a nozzle plate 101 gWhi ch spans across the
colunns of, be expl ain

B BBy BT Sy R 5 89%%%? 85 fefiesft Ry iieds) nozzte

Eeler @efceﬂrnﬁgeﬂhﬁ Moen #8éafoalink ébtﬁlult%kieh@@? ldﬂgﬁtﬁﬂﬁﬁ@])ly along each

onto a photoresist scaffold. By virtue o

wep OYizEicameiiviss eeavinge ragnegiiec pzategim@s. frrasieﬁned in a nozzle plate
t i

POl it oY it B PR bRAGE TR ssplgingd in more

tetai@below, thFhﬁSﬁe pBN& 101813 fdlﬁﬂ:d&fy@EWDCb’cﬂal cyrapey ﬁfaﬁérlal (e.g. silicon
m ¢rons deep m crons deep) and. introduce

Biteds ﬁfltwltqt%Slﬁtr%folHeBh gueot ﬁrleé@%@n PrerSSH s apzele plate
e f?a“st aﬂlﬁraﬁ Lﬁeph@% Befy 'tﬁ&elhsmél&%egtmé'awdls oged in

non- virtue o ese cavities 10 pen
bﬂ:TWbeEacpardnt mﬂzharmmcmwl @hdie$agnesam arayficedtysevargl rnlcrons deep

B 2o SRR a2 PR AL BT Toncrt
ErSd i a 21 THRY, WD %u%ﬁ‘tgnt%l%oﬁﬂ-lﬂ@rﬁ? by vRelVWTeResE @¥itics 102.

or columms of nozzles. The di Scontiinuity or
non- pDapmdmgmathr: phmiguker opaz héestgand ineuf@uring rreeess, the cavities

zl e [ di.sadvant ageouys_f
7B oBS A Faohly 1o RRETPAE 50 8%opb i FlBlyprcd in Figure 36
TRakMes Sxteid $iBRiIfI0ARR! tPba B wh @1 calfhnk 80h6LIdshe
over al nmechani cal robustness of the printhead
parti ¢ dispantipity oF eypplenarity agipiag froma{fl@ @@VlﬁlﬁSp % iadhe nozzle plate

e

2(?"151%' Iagigeﬁ}t&%éé% faf)a g%\%%mﬁ Igica-rggﬁss F§r§t O}ﬁ Sﬂ?eaééa'rvgtsess b tO% are po 1111ts of weakness
mf tht: hezmlzlzteel Oplaatl @cdliod tHeas cratlymbshanigeldrobliltndlg osme@rmthead

f printhead tenance) ause rel ativel
g gyl aﬁ Wété‘éeSPS%téeﬁg%i OrepR P P&? pessitho nezle iy rF N especially

El ﬁ@ichrﬁkb&g%%lgﬂ%ra{chﬁﬁg &?@s% 1thé"§h'rﬁ@e &f fhc tngﬁﬂe ?fafe{ Ih(fe‘lL{% may be

renove ximty of the cavities
rmzlziuemg pent types _oﬂﬁmtheaelspanteahﬂo;) cnde salata/bl}ehlgb slogu mrces.

ny trapped par | ates are. k fo o
g%%/)?fi@ Hgﬁ:av L{)}f gaﬁrqa y Eﬂé} ag}g/oﬁla?r%ﬁ%{]@@ﬁ’p‘f'@fé are then difficult to
HAGRE STROSHoRENIBS ofithe cRNGSEND th méefmzkeraﬁeﬁlheg 26 RQWpecially

follows a description of how the printhead integrated
umde@mahle Jieoamsc pny Frned@agBulasesfase mete ligelatovbwBire nozzles and affect
ufaPturlng process. In addition, there is described
r1n .
A'¢&hat i ve manuf act uri ng process, in accordance

Wi t h Fher gresientuntev@nding Bfthe;pr&%hﬁhvétﬂ@npﬂh@fb&fdv&t olietvs a
the nozzle plate 101 is significantly inproved

description of how the printhead integrated circuit shown in Figure 36 is formed by a
MEMS manufacturing process. In addition, there is described an alternative manufacturing
process, in accordance with the present invention, in which the planarity of the nozzle plate

101 is significantly improved.

MEMS Manufacturing Process

The MEMS manufacturing process builds up nozzle structures on a silicon wafer
after the completion of CMOS processing. Figure 2 is a cutaway perspective view of a
nozzle unit cell 100 after the completion of CMOS processing and before MEMS

processing.
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MEMS Manuf acturing Process The MEMS manuf acturi ng
process builds up nozzle structures on a silicon wafer

W@Raoensasie conpl eti on of CMOS processing. Fi guP€r/aU2097/801618

cutaway perspective view of a ppzzle unit cell 100

after the cess and

Ve Prie COT PhireridE ebien sfes BESR 7o B (P Spcd onto a
§idbon Wefeabl, Waly BleSm@hElaft@pBsiht @flei@pdreedebetivtdnGaRriwpdreficlectric (ILD)
2, with the netal | ayers being interspersed between

larersy The/fopr aictal Eyersiage (fermyd tpay Mls M3 padiMAntayegh and are built up
I
Le?]é&g[?al]? to% th& gvgf u d n&lﬁ%Fﬁlﬁ)%focgﬁln\%ah/& Sjul\?fbégl o@ﬂg all the

@mc&:@ﬁsmt@gandﬂbg@e“oﬁﬁmd@ym prithead. de al | the drive
circuitry and | ogic for operating the printhead.

In
t he cBhBFep@aletndimintdiead, cash bepter %r@?ntépf@ﬁ@ms QBpepigcio the CMOS
{7% faﬁ%ﬂ: fﬁ%i&qﬁg&o(teﬁgﬁgm%st e kﬂ/{ﬁ@rﬁ%sg %rc gﬂeﬁ&% OGS CCNI\(/%S layer is
thayfeundagon fre shinendatt MEMSqrrosutisg qﬂémtwd\‘ﬁl\/ﬂ;h@h@clagalam@ defines

Bonghe R o iticingd oot oMb PR RBRE Sl al hge bonding
?zidsc(ﬂd)ttshoﬂiﬁﬁfbv&bﬂf@@mg)SR@@% céﬂ%teﬁh@‘é@ﬂlc%kd&%’s%h%a%@oonds

be connected to a m croprocessor via W re bonds
eﬁ@@n@gﬁgmﬁh@hﬁmd’!@bﬁsdl ng pads. Figures 1 and 2 show

t he alum ni um havi i vation l.ayer

topos P HEH e R B, e it P B P d ol oo bRl dyer 4
AR sBROMNBrebA. (Uih@}SME'MS fa@sres dhBic 4 RyEMSsHeat iﬁftﬁéseqfigures the
the M4 | ayer are positioned outside the nozzle uni

&ein (;MOﬁw atymes| o ylet M4 Iimges ake pasitionped eutsige the mﬁ@k@mlta‘ﬁa) The M4
f
[sa?er' i ﬁef‘sh Ot\ll\lgc%ﬁgsi }Fgg?lggbniangﬁgh%ﬁ@%ﬁh&ﬁ ngay2e ; c? ﬁi&é,greof CVD
bxille 5 NAethowaeini Higurés anad P the dpERyargshad. an'l[ﬂleﬁfhet@}peﬂilhg @snd pit
define th p03|t|on3 of the ink |rf1l et. anq pits
gle%%l&ﬁdeﬁ £5¢ APRNIPERANmeEhHPREETS 0
ell 1 beglns bondlng pads

on@gilfgln%%%%@%%éeége of each printhead integrated

ci r cuBtfoas MEMS [pmdsshxyg Qﬁthhumlg c¢lht bcgns fobadlpggsdsvaédmg:m

4. Thi t t he M4
Bt sdi Rodiel PonBeeindeditss Ficuiite dethidty' (hing trough the
ﬁ&gﬁlaﬁ‘&ﬂayeﬂm%%det&ﬂ ﬁebeeﬂbﬂfe%@ %ly%ﬁ 3 hothe bBAGNS b&Pp&Mibns. The

ence, is unaffected y he etch
nozzle unit cell 1 is completely masked with photoresmt for this step and, hence, is

pits ?orrne

unaffected by the etch.

Turning to Figures 3 to 5, the first stage of MEMS processing etches a pit 8 through
the passivation layer 4 and the CVD oxide layer 5. This etch is defined using a layer of
photoresist (not shown) exposed by the dark tone pit mask shown in Figure 3. The pit 8 has
a depth of 2 microns, as measured from the top of the M4 layer 3. At the same time as
etching the pit 8, electrodes 9 are defined on either side of the pit by partially revealing the
M4 layer 3 through the passivation layer 4. In the completed nozzle, a heater element is
suspended across the pit 8 between the electrodes 9.

In the next step (Figures 6 to 8), the pit 8 is filled with a first sacrificial layer
(“SAC1”) of photoresist 10. A 2 micron layer of high viscosity photoresist is first spun
onto the wafer and then exposed using the dark tone mask shown in Figure 6. The SAC1

photoresist 10 forms a scaffold for subsequent deposition of the heater material across the



Turning to Figures 3 to 5, the first stage of NMEMS
processing etches a pit 8 through the passivation

w0 20081052%48nd t he CVD oxide |layer 5. This etch PGI/AU2007/001618
defined using a | ayer of photoyesist (not shown)

R ST RTINS

1 Bad DPladr utp & Mifat@her is SusiMvithige strifAv8 ofshedll€dtiodes 9. At the
the pit 8, ectrodes 9 are defined on either side of

betec ‘tﬂiﬂ?, thy Sﬁé?rltﬂhétq“}“ﬁ’f avsheampleichelilhe pt&io @yoichstinghrs” of
%Jh%tugt%?e LAY 'n?a er aii&a ncﬁn L o§sllﬁe Rq{?{% %Eogﬁrtlé](glﬁéi&? %ggtaodes 9.

er e enent 1 s suspended acr oss
t he elrgsitalbdesen filliny tiréiﬁhébaxith phi&prebist, s ﬁ&e@sat'pto&)xpose the

he pit 8 is filled wwth a first sacrificial
ph%%reﬁlﬁt)owdmstpsw@@r% et thg repclyingreerda ep%gr@ Fh%Pﬁ/?{P@ﬁlSt fills
¥, a?&@ﬁiet\yalgg)? R @&ichlankl gh&%fo% avBidNs g S B%uﬂ%ﬁént%@ﬂosmon

en exposed using the dark tdne nas omn in ure
ﬁepsThbv&@A@i thphetioriesd stultsdnhoaised @r spiaéd)aind of photoresmt around the
eat er. mat rlal Cro

;%gﬁ%g%{eﬂgﬁ 1&818 {sgg 1t10 lSlI‘gﬁaEe(‘GflSGt R Sbl fquent eposmon step,
Eﬁfé%ﬁﬂid %@fxl)s\{ted uhevesily c;m& tHeahised HB -SAGticA t&?ﬁ@%@éblﬁfacé@on the rim
has a planar upper surface that is flush

wilpeaceizg rlefsadepqsfted mateahbiben méils)ngorlltAk platkpe ssaas af itheephotoresist
ggl&ggﬁqg?f Eht@? ge.su %s (rnl%ﬁs 8 58S 1%4 é?glm\gaefrg%at[erlal 1sQ[h1nly

.ng across the pit and shortlng out the
electrodes 9. Typically, when filling trenches with

phot oféshawn i Kigpig 7y &@éfgwrlyprp@e% Aplilcsatelyecxppss Hrexisi
sl A S R e S

magk sHoheriaffogiee 6aViok @nsusésrd plgesr sippérustibsetieBACT photoresist 10

deposi tion ste However, this te i que result in. a
pog BdIsEgY SBisE 5&@}%%@3%&% 6110@%‘5 gte PSP “tnﬁ% the pit 8.

peri mRigf engosﬁtje & f O] l:l_éjtbl%si‘;sts’l(}J ot f‘@él?ﬁ iDRIRYRE bg heating.

in a subsequent dep03|t| n step, mat I's deposite
Rnﬁwmlgyha)pﬂomomhsst allawsedtorflow to thevvtalls:af the pltén @llmg it exactly.

rf d
e D T aow e RALY bpfogi Tyl fakF S0PF AR Bfotprgeist has o lanar
BhRE Qlrle®hd hidets! MBh bAM the apSH suffﬁh% JresUM4 lhyer 3, which forms the

resi stance hOtSpOtS in re%lons where material is
elhetradgs aebdm@gi reflagy, ﬁtﬁo%c itheopsise 1Fis W iye cpicd QEWDT hardbaked to

8 527 e R AR L RREC b e mah oB ORGSR, 10

0.5 rrFrganss)l aualmghé\behdm’ﬁkc&lmﬂw déﬁbsﬁio@l@f@neﬁo 5 ﬁhu@ns of heater
ensures a pl anar er surface of the SAC photoresist

mateaiabll bowp de G| @gw@éwf &Qiluesto dhe isHevaressss fesgriberhgbove, the
hOGerRRL AR §lis Héﬂ@sl%d é\J%ﬁlypelntd iffa planar layer over the electrodes 9 and the

SAC1 photoresist 10. The heater material may be comprised of any suitable conductive
material, such as TiAl, TiN, TiAIN, TiAlSiN efc. A typical heater material deposition
process may involve sequential deposition of a 100 A seed layer of TiAl, a 2500 A layer of
TiAIN, a further 100 A seed layer of TiAl and finally a further 2500 A layer of TiAIN.
Referring to Figures 13 to 15, in the next step, the layer of heater material 11 is
etched to define the thermal actuator 12. Each actuator 12 has contacts 28 that establish an
electrical connection to respective electrodes 9 on either side of the SAC1 photoresist 10.

A heater element 29 spans between its corresponding contacts 28.
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After exposure of the SAC photoresist 10, the
photoresist is reflowed by heating. Reflow ng the

Wphovossss st allows it to flowto the walls of PEAURIOT/001618

8, fil I [ ng it exactly. Fi gures and 10 show the SAC

phot o reflo tor t has

P oo i Qe H%aewi’g{l%wf%fis?ﬁ* SPERDisaP g dping the dark
e fnﬂa@le sifwit Hﬁﬁ?ﬂre' 13y s showwhth Elzuf O1 318hd QR leREAMOURE a linear
9. Followi ng reflow, the SAC photoresist 10 is U V.

bm@paan@g&etmndlﬁaweﬁofi%emdpw aH?Wﬁéfffl b/ hgafen ¢lgmeniel 2 may
%ﬁ%ﬂ%%& ﬂ?@[ﬁ?ﬂ cIonﬁ I%{lg hfh%% osa dg?ctn%r a ?A A h(i%ﬁ{ §P'S Patent

heu epos|

Blo56 %ﬁﬁ(ﬂmshd)éonlf@ﬁbéwhfmﬁeheralh 1ﬂdorp(51ﬁtédﬂ3|y&eféﬁﬁbe
photor ist 10. Due to the reflow process described
abovell fi‘ﬁ @eﬂéaﬂ@m%{ Hensapn 1k inlst s thsnqzals 1@9*@h¢dyt%mh the

%%8 A af?(l)ﬁaﬁgér 41 8l¥ee(5ryijlgé’ ﬁgett Nenehe glthrcg[?%fe? 28R fnB & MOS processing,

or esli ater materi be coffpri se
ofcharfiyhcsuethbloyes badeotki iviet opnerg (aéc, fmhm@ka Eﬁpdﬂmg 6 in the M4

TIN,, TIAN Ti N etc 1 |ca teria
s e g stcbd st Fionehy B GRkina oY B HBpoiet fFtyrThese metal
I%fye@ 508h& wrethel iB¥RbeREd TiMayes, &R Ral B¥YEfor e ink inlet,
AN, “a further 100 A seed |ayer of TIAl and finally

Bfef’@rrttnlgenk peocseppingywe thef CVOS IyerRef erring to Fi gures
13 to

rat er RERFTE o Gyren Kt B e by UK il aBsahy o7 is spun onto

the .wdfacdhdasport @kink Zhd@fk eRtrack $hén ihBiguRstabHeshicRiess of
el ectrical connection to respective el ectrodes 9 on

phatprspists| eqeired vl dsmend pmdesekssiigty afghe degpergacive ion etch (DRIE)

I
GO Bt 3 RRFNE: MPIHEE T e ECTFE RPBDR F B Bfldionip 13, e
%M)reedgpfmsﬁ& dubbdugeritieechdadps. t one nrask shown in
Fi gure hovvn in Figure 15, e heater el enen

12 i sIngt %P i &FC ﬁwgﬂ_f’l@%ﬂh r@ldg&) V%%Ele eﬁ‘gl 3yqrs (-Hasswatlon layer 4
%@&&H@g?& Brard QR rou gﬁ % i El%n S ow: 2Aﬂ?‘}(‘candaurd oxide etch

al ternatfvel'y adopt other con |gurat| ons, such
(d@@/@éspkasﬂne)jmay]b@\pmdt cant s US Patent No.

by ¢ olEB e T ool farzd Grmttd s Iare g hrough the

§iNk&H whRF 2td1e dBRE ok 85 hicBhs %@Hﬁgtﬂ% @Mblfo'&ﬁ*eﬁﬁ%ﬁdsk aBi Ay
| ayer 4, the oxide layer 5 and the silicon wafer

Wdaﬂ@ ACHD P BBéE,sSMﬁlg as @a(ﬁ@sdf etely éseﬁﬁsal?at¢mms6 ﬁ@bS% and
| .
?%éil I1/%8): nq%,;g l% %so r%lorré% & lf?(gle ]SOI@%VC%%W?H% Pf p?@ﬁ S etﬁ g, fhe photoresist

REEPEY Bréevdddy fliinsa dshlagl Nl et etch. These netal
| ayers, together wth the interspersed ILD | ayers,

f or m k the aPxtrsiapgthednk ikt 1Srik plugped with phetersish@nd hiecond sacrificial
fa&@!‘@“’éﬁ%ﬁ"ﬁ&f ﬂhmo(%estlgq 6%&'@%%&813 of the SACI1 photoresist 10 and

passivation layer 4. The SAC2 photoresist 16 will serve as a scaffold for subsequent
deposition of roof material, which forms a roof and sidewalls for each nozzle chamber.
Referring to Figures 23 to 25, a ~ 6 micron layer of high viscosity photoresist is spun onto
the wafer and exposed using the dark tone mask shown in Figure 23.

As shown in Figures 23 and 25, the mask exposes sidewall openings 17 in the
SAC2 photoresist 16 corresponding to the positions of chamber sidewalls and sidewalls for
an ink conduit. In addition, openings 18 and 19 are exposed adjacent the plugged inlet 15

and nozzle chamber entrance respectively. These openings 18 and 19 will be filled with
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Referring to Figures 16 to 18, a relatively thick
| ayer of photoresist 13 is spun onto the wafer and

W@ xpossrs4disi ng the dark tone mask shown in Fi geeBALSN07/001618
The thickness of photoresist 13 required will depend

B BELERE b i SR Pl o U ST hapraces n e

pReMt REzAddelad. Bpetifitullyhecppehiases flledWith kbt M@éRI atas priming

ready for the subsequent etch steps. In the first etch

Enaycy pihiflirassistio deavang o)k freméhajinkdt d 8 intp saghaagely chamber. The

§Iﬁe%§1§ 'svl@tﬁlf%? Wity Shf thafid) 918 glltFIas\{&rct 2ds a%tﬁ?lugciig gr%gs talfe barriers.
roﬁghto he S|I0|convvaer el Ow. y Standar OoXl de

Thesh heB. [@evdR AICHEBLIpd Asmhtoiay thendrsRtchambeits had d&@BBdpressure
etch step (Fi %ures 21 and 22), anink inlet 15 is
Rylessagneaicd byrihe thermarliackgiorvdier 2 to a depth of 25

m CT ORSferitd BFiLhEs SRERI Pﬂ%@ﬁ&?gtﬁée KitslBmi&B¥s of roof material
da 0 h'etch

st andar sotropi ¢ DRIE, such as™t Bosch etch (see
RBomatten$ ANG photorShi | 869 PEND/ 1B, ZBdrobd 8)atarmy 20 &lls slecbpenings 17,

Rk P SR Pl BRI o0& Wil Al enor 21 and
LiBew 18 x40 Sk&Bnddihe3 Fo? lSu}')}ﬂﬂlﬁ% ididinks cdeh 4ggad CH\A.rﬁlﬁbr is also formed

photoresi st and a second sacrifticial |ayer ("SAC2") of

diroteodepesison 0bthe sodfunaterial @20odn adgtion, anjerigig features and filter

hot oresi st, 10 .a assivatian | ayer . 4. .The SAC2

A EGEnone AR BEER RN R B frpne S S Thrrnpts 21
eRpQsitipIndidk t6 eedspsaivemoatle cHdthisdt 24088 adrokO&fjac@finozzle
sidewal I's for each nozzle chanber. Referring to

Aiagiheesin2gopgo Sgrm g nozzie phater oie|ragiapaterialA0ghay beseanaprispd of any
AR e D L
Hitigdly @8. Z3disdidsedmbotéehdmsedklegimod0s had cewwids|100 Pshoivnds Figure 36)
17 in t Ee SAC2 photoresist 16 corresponding to the
PISEIONpREWEEN BetASer si dewal |'s and sidewal I's for an

| nk CRQQHjiﬁg tol Flg@dgdhd J.[003}), AR 895 dBind0eh LBpALS nozzle rim 25 in
% t et 1 gz e

exposed adj-acen e plugged I n 5 and no
theaodE€}] ynttelaing ewnye 8 pactony ef fpof Thaesel 2pehhisgshi8deimdd using a

9 will be filled w throof teri,al in the subsequent.
o O pBE i i She g ons 0ot B ik R v e Hf Figure 28,
‘FH@el}HFﬁé%@ Bim D9 Z3thFriRe B8 BoaxiR @fh fip£23d ahd ABEpQRRINAGSer their
18 filled with roof naterial act as primng If)eatures,
whpestivadimal dcuagrdii ng ink fromthe inlet 15 into
each pozzl e chanmber.,, T eni.ngs 1 illed, w.th rogf
ot o PERFu SRS 3 LS PRSRT Sk tf §hiflited sbgil aperture 26
tnath K rdaanN i TeSchindd b e RelyRhiUEN it re@iinidpidbl #&tckinb20, which is

‘te)onl}n%recii ‘B}g tﬁehr?rn r12952 ZTlhies eqc?hag%%ﬁrsledal?s?ngdé ]lcafygrs oefsph%{o?rg’ssi’sl:cI r(Eot shown)
exposed by the dark tone roof mask shown in Figure 31. The elliptical nozzle aperture 26
is positioned over the thermal actuator 12, as shown in Figure 33.

With all the MEMS nozzle features now fully formed, subsequent stages define ink
supply channels 27 by backside DRIE, remove all sacrificial photoresist (including the
SAC1 and SAC2 photoresist layers 10 and 16) by O, plasma ashing, and thin the wafer to
about 135 microns by backside etching. Figures 34 and 35 show the completed unit cell,

while Figure 36 shows three adjacent rows of nozzles in a cutaway perspective view of the

completed printhead integrated circuit.
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pul ses generated by the thermal actuator 12. Referring
to Figures 26 and 27, the next stage deposits 3

WorR@poss4df roof material 20 onto the SAC2 phorGr/as2®y/001618

16 by PECVD. The roof material;,20 fills the openings
, . 18. a O | t?e SACZPphoto esi.st 16 or
Ive VIEMVLS Manniy NS PIrocess Proyic Janar Nozzl¢ | _
An i nRne entheiatlvaidaded bf HEMIENI NBamiThctifh©pRasR dogEbke above is that
chanber is also formed during deposition of the roof o
thaterslaplapgol 0] iy dapisited by PEEﬁ&-&hlwm@Sftbﬁttm eezzigridate fabrication
|1t e t S 1 '
b e SPOHRAMBGR MR PARR iy pLAS AR LR P RAd CRIGS
deposeippedi teghniquen THRISPRE b otell Adnafaetueing rbsof 24k, prafolasad can be
across adjacent nozzle chanbers in a roqw to form a i
% By eqrérastrany gupT drapeRthetds 29V emayniRcE B Riglgs.ohich are
ﬁ‘&yo_n%“élfs It lmtq%rahﬂhatioiyﬁllﬂ_ 2D %g&if&?& Biatd l'agl‘?nation tep that cannot
sil1con oxide, silicon oxynitride, a Um nium nitride
bt perfodmedibgctendad @IOSqro¢digngdzizinetgdy,ahie ad@ltolths cost of such
cavgties 102 (shown in Figure 36) in regions between
W@?_WE@: Referring to Figures 28 to 30, the next stage
def i NEgwRREPECHD &bsilifr &F frchioh18 lakd)] 1N iQ¥fwnZchhl1Mes. Tt is
etching away 2 microns of roof material 20. This etch _
fundamentakbylingiragt @ deagst a piffipleot thickséss of (andtmatéroaby. g. silicon

THRRIFD 1R R st RaBn B OO el bl gBaic when

d&siaing 0dklplaRE $irtittEREhoMeE tr, LOIRHIL bE EFRES At GrohhBiL RS 24-27,
actuator 12. Referring to Figures 3 1 to 33, the next

denagision of rord snaderiad 20 inpist else favessdevadls @pofnezzigelhamberie24. The
$88P GuthuPSFG108, Bhit MR 03] STRAS I depsiin

ef obf matedief inneddeigdlnggnk ay eowévephobedee s Sisufent@ihit chamber

Bl SRSy L G 230 e
RASd ¢ ﬁ@fﬂgqn BYSlech Qﬁ al M h OB csARHHRE @fs i&i%mo@%le%ﬁ% fsPdvantageous
33. Wth all” the MEMS ow Tully

Figure nozzl e features
fromrtbe pointibiSe qu e rocf tdepestiaie therresul kg ©op Rl yandhmaneptte 101)

27 backsi de | E, renove all sacrificial .
wﬁzs%l% souiging Abrely abetrissdhain By oans o o plsgidydiscussed.
1RYEES itk 180 BeHRY abYraf o pEHRuRERYAAY floadd ihR Mdith@cfore hinder
waf er to about 135 microns by backsi de et ching.

Piigfheassm@nteamere3s show the conpleted unit cell, while

Fi gur 6.shows. three I, a ro of nozzles i

cut a\/\g)e/t%ﬁ%nrgs%oe% %ol ]55%111{?'3 2\?vjtoo %@,Eﬁeere 2 ho¥n Al W éinative IQ/IEEMS
manufacturing process, which minimizes some of the problems discussed above. At the

ot 33

stage of printhead fabrication shown in Figures 26 and 27, instead of proceeding
immediately with nozzle rim and nozzle aperture etches, the roof 21 (which forms the
nozzle plate 101) is first planarized. Planarization is achieved by depositing an additional
layer of photoresist (e.g. about 10 microns thickness) onto the roof 21, which fills all the
cavities 102. Typically, this photoresist is then thermally reflowed to ensure that the
cavities 102 are completely filled. The layer of photoresist is then removed back to the
level of the roof 21 so that the upper surface of the roof 21 and the upper surface of
photoresist 103 deposited in the cavities 102 together form a contiguous planar surface.
Photoresist removal can be performed by any suitable technique, such as chemical-

mechanical planarization (CMP) or controlled photoresist etching (e.g. O, plasma). As
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conpl eted printhead integrated circuit. Alternative
MEMS Manuf acturing Process Providing Planar Nozzle

wer@pesme of the advantages of the MEMS manufRCT/AD2000/001618

process described above is thatsthe nozzle plate 101

€ _no
oateR i Ay e i bRy ﬁe Sp@}ogﬁfs b TP GolBFANE iling the
tatdsc@bi on process whi ch uses standard CMOS
deposi tion/etch techni ques. Thus, the overall

manuf 2B 0ext sig2e derostss addidons rast meseriad bmg. Hemiceqn thickiayer) by
nozgf@%ﬁtﬁﬁ{e eplgﬁ?am%trg{%{u%rshg&fﬁ iRF r%ﬂ}é“éaﬁ%% sﬂgocg lnlé ?{Egpe%%%qand 39, the

are not o susce
ebsliladrit DAt celhhasafirsedos62 t £gud b8cc@ndepal2dBe Thipottaaly, thie exterior
performed by standard

step._ that cann e CMOS
ﬁf‘rce@éw fR4B 1@3’0’@2@& by Virhieot &ty &gpqsalqnmélt% B Btang stigGRIge.
\VA
P e A Fhe SEONMRMBbE 21%(:%%@&9&?5}; th@ rﬂm@ér }Hﬁ%gmsnt aﬁ 103 filling

ate 101 has its own enges
thmavmamiOZtmttieﬁmrdofalAuff| ci ent th| ckness of roof

mat er i.licon nitride) so t e nozzl e

Tt o ThE BTy Bef il Semestaicnly kg9 FobiRt compared to

%@Mg%%bf gny&ﬂere smg Fibi@ 29NTRe RlcARSEd tﬁIdkH@sts %@ $iternozzle
however, as wl appreci ated from Fi gures 24-27,

tberpfomemeownoﬁo‘re@élﬁe graeed reblustressmighe o sirdaturm Furtherrnore the
|de 22.0f nozz

TSRS of R iop S6o 0 Fred 2ERGT BB GRS B sSpcet o
g&st frcadatfrssaressft i on of roof material into sidewall
regions 17. However, in order to ensure that chanber

si dewdh¢ Srspoand weand Eo§id ¥4 andAtB pyy desgmpsed-efghe same or different
! [ Wi

Loy A e RSSRAOm 100 Gl G PRSndepencnsy

badcrsdnoammltee gpap Icdj]tgpltlﬁn@Ch‘!llﬁjtbh&l@ﬁdd,&llidoﬁmxid'eemﬂ@ilﬁbn okynitride. In

vi ew of roof de osi t the re i.ng roof 2 (and i
prRez oMo dimgitethe diryt rpﬁ‘fé%% ﬁtﬂoylpéléﬁf %ﬁt HdCoR fride and thp sgpond roof is
(ﬂ}{%ﬁgeggfg@goﬁgxlggtv\een nozzles. As already discussed,

e cavities 102 behave as traps for particul ates

and f Folboedgion Ifl;onaﬁld ulnhewﬁfshmen m Figeres B8 and B\%,esdbsequent MEMS

nai nt enance. now t o Fi 37 1g
PRk B an Rt s DRt i eag t iRy preabed 8 chneetion

With Hhg R gM0ZR5S H%{%Ee n@izlé A/ AABLAFEpEHhTE B@ﬁ&darélp&’f&med
At the stage of printhead fabrication shown in Fi gures

fodloaed b backsidst [AREE tof depine ddedipnly dhanmads 2T, evafenihinning and

?0 %rlgglstg rgmﬁgad er‘ gé%rlgg ltlgeo ﬁott(#lrrgse}it %%gagsylateefi byocfle %rs% and second
RoBNArA 2ed2 1 Pisai@ekFabd @anyashaliptised Y rdapas il taediuaing late-
chgel It)ﬂo?grgélst removal.

The resultant printhead integrated circuit, having a planar, bi-layered reinforced
nozzle plate, is shown in Figure 40. The nozzle plate comprises a first nozzle plate 101A
and an exterior second nozzle plate 101B, which is completely planar save for the nozzle
rims and nozzle apertures. This printhead integrated circuit according to the present
invention facilitates printhead maintenance operations. Its improved mechanical integrity
means that relatively robust cleaning techniques (e.g. wiping) may be used without
damaging the printhead. Furthermore, the absence of cavities 102 in the exterior second

nozzle plate 102B minimizes the risk of particulates or ink becoming trapped permanently

on the printhead.



| ayer of photoresist (e.g. about 10 m crons thickness)
onto the roof 21, which fills all the cavities 102.

wayEoosdsky, this photoresist is then thermal | yeEAUZMNR/01618
to ensure that the cavities 1 are conpletely filled.

The | en 9 hot or esi st
ovel Tl ey S iant el PR oG AR sstiph Sew Sosh Eaibed
f)&l@fy 1% &af&%xhﬁ@ld@ﬂ&hat%dlﬂ@eﬁloﬁﬁ oPOQLIPHRS b8 tmall@Ivithin the scope

osited in the cavities 102 together forma

¢ inyigaten, pthactar dsfingdloethe ppesmenaasingiclaidfoval can be
perforned by any suitabl e technique, such as
chem cal mechani cal planarization (CMP) or controlled
photoresi st etching (e.g. O plasma). Asshown in Figure
37, the resultant unit cell has photoresist 103
conpletely filling the cavities 102. The next stage
deposits additional roof material (e.g. 1 mcron thick
| ayer) by PECVD onto the planar structure shown in
Figure 37. As shown in Figures 38 and 39, the
resultant unit cell has a first roof 2 1A and a second
roof 21B. Inportantly, the exterior second roof 2IBis
fully planar by virtue of its deposition onto a planar
structure. Furthernore, the second roof 2IBis
reinforced by the underlying photoresist 103 filling
the cavities 102 in the first roof 2IA This
rei nforced bi-layered roof structure is nechanically
very robust conpared to the single roof structure
shown in Figure 27. The increased thickness and
i nternozzle reinforcenment inproves the genera
robust ness of the roof structure. Furthernore, the
planarity of the exterior second roof 2IB provides
i nproved robustness with respect to sheer forces
across the roof. The first and second roofs 2 1A and
21 B may be conprised of the sane or different
materials. Typically, the first and second roofs are
conprised of materials independently selected fromthe
group conprising: silicon nitride, silicon oxide and
silicon oxynitride. In one enbodinent, the first roof
2 1A is conprised of silicon nitride and the second
roof is conprised of silicon oxide. Followi ng on from
the unit cell shown in Figures 38 and 39, subsequent
MEMS processi ng can proceed anal ogously to the
correspondi ng steps described in connection with
Figures 28 to 36. Hence, nozzle rimand nozzle
aperture etches are perforned,
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foll owed by backside DRIE to define ink supply
channel s 27, wafer thinning and photoresist renoval.

w@Roogossge, the photoresist 103 encapsul at ed bRCT/AE2007/001618

first and second roofs 2 1A7and 2IB is not exposed to
any ashing plasma and remains in tact during |atestage
phot oresi st renoval. The resultant printhead
integrated circuit, having a planar, bi-Ilayered
reinforced nozzle plate, is showm in Figure 40. The
nozzl e plate conprises a first nozzle plate 101A and
80 A§ rior second nozzle plate 10 IB, which is
Conpﬁéiely pl anar save for the nozzle rins and nozzle
aper t Ar@&hod bf fibitdtinghedekjbiniregliat édviog aglidar 608 flargsaid
to the present invention facilitates printhead

rsthed caamEising s Hensods. 1ts i nproved nechanlca

integrity
t echni ques fﬁ? gfbav.lél m?%p%%&aﬁkﬁfé(ﬁt&été 3}9 $cal ho ! girl%t élozzle plate
t(hﬂpqiﬂei:ir(btfhé'm{i mdtenidl Rpanmbreey plhi‘l?élt}&bﬁlﬁmzbs chidcfrsi fazzke plate having a
102 i the exterior second nozzle plate 102B m nim zes
P?E@?Yg fSSarti cul ates or ink beconing trapped

per manent | y,)qiidd\&iPEdvididi&aeh 4 Fillv, Sdoh tREt aﬁQ%f)&esurfﬁ@e of said first
appr eci at ed that the present invention een
tezzby plbiedngd an ebperisyriagpofohidddiomdgsthen deﬁntm contiguous planar surface;
nodi fications of detail nmay be nade within the scope

1% the invention, which is defined by the acconmpanying

cl ai ns. Q—A{dylaeﬁosnfhgr@ieb&ﬁh @htefialdrits adill Phnasurfké &Y form a second
printhead having a planar nozzle plate, said nmethod
Berrp platedgvinga pdanap sxterior uaficyr ovi di ng a
partially-fabricated printhead having a first nozzle

plate conprised of a first material spanning a
Pl ur affhé¢ yhetoddzlirad, whaicth faid sdcomb@mategiapis At poditad bR @ECVD.
plurality of cavities; (b) filling said cavities wth

a filler, such that an upper surface of said first

ozzl u
oot h e e R RE LU RS aler Pk ophicE y PECVD onto.
deppknti sagricislecafioldmatfen aid Hrst nozzé Idatpl anar surface
to forma second nozzle plate having a planar exterior
surface. 2. The nmethod of claim1, wherein said second

et erirad nieﬁloq%@@ﬁﬁﬂlqdwlﬁéfremrsg and 8omEtBRAaRfarcihdlsMhe or

1, wherein said firsf material is deposited by PECVD
difiteoend from each other
5. The method of claim 1, wherein said first and second materials are independently

selected from the group comprising: silicon nitride, silicon oxide and silicon oxynitride.

6. The method of claim 1, wherein said filler is photoresist.

7. The method of claim 6, wherein step (b) is performed by the sub-steps of:

(b)(1) depositing a layer of photoresist onto said first nozzle plate so as to
fill said cavities; and

(b)(i1) removing a portion of said photoresist such that an upper surface of
said first nozzle plate and an upper surface of said photoresist filling said cavities together

define a contiguous planar surface.



non- pl anar sacrificial scaffold to formsaid first
nozzl e plate. 4. The nethod of claim1l1, wherein said

wo 2oosisEmsl second materials are the same or di PEBPAE2I07/001618
fromeach other. 5. The nettkod of claim 1, wherein
said first and second materials are independently
sel ected fromthe group conprising: silicon nitride,
8i i cCoRe A%ide oROMifi7] ﬁﬁrﬂl@r @ammglﬁ%tﬂl@ steép-of:The nmet hod of
claim1, wherein said filler is otoresist. 7. The
met hod of meanarﬂﬁeﬂmmgeﬂard meqlst)to ifacilifatcfcorplade Fijing of said
t he S&Rm%%eps of: (b)(i) depositing a | ayer of
phot oresi st onto said first nozzle plate so as to fil
said cavities; and (b)(ii) renDV|ng a portion of sald
ﬁhotore3|st such that an upper surface of said firs
o0zzl & ﬁbn@th@daﬁ glagin Tupheicisyien Gueh oF P targed mstcbffr@@alsmechamcal

ther define a contiguous

Hag%‘é{réﬁg% gﬂa{b}eﬁlﬁeethngggod of claim?7, further
conpri si ng the step of: thermally reflow ng said
EQOtO Si st to f?CI|I e conplete f|||| g of said

vi t TBemegiodpfslafalh BthG SomBRyRE o gR i n st ep
(b) (ii) isg cﬁ%%ﬁﬁﬁlg‘%gzﬁé( AR CRtoul gﬁ@&l@@h&%a second nozzle plates.
pl anari zation or photoresi st etching. 10. The
nmet hod of claim 1, further conprising the step of: (d)

fini zzl ertures. thr h . said first
IEcondmapdiea ofclREd: MhRingHsR EHS rbptach RingPHe chamber formed
Yh e sehsiaRasdid ROZAL EhaGRPEdERSsiRy B RFF Isfaced aphiefromOyalBibstrate and
on a subsfrate, said nozzle chanber conprising a roof

sigewals expadinghestiveaiat! roohand widsubnieate, veaseinsaid first nozzle plate

] t of substrat e,
ﬁﬁg%ég%8§g$§2¥ggﬁyaﬁggf e aﬁggn%%hqsald sidewal I s are
conprised of the sane naterlal 12. An inkjet

gélnthead obt ai nabl e by a net hod accordln% to any one
t hénmﬂg @tégpﬁl@eaépgfaﬁtable by a method according to any on¢ of the preceding

claims.



