WO 2009/052543PCT/AU2007/001618 METHOD OF FABRICATING INKJET PRINTHEAD HAVING
PLANAR NOZZLE PLATE Field of the Invention The present invention relates to the field of inkjet

printheads manufactured using micro-electromechanical systems (MEMS te/chniql%eg. Background of
the Invention’ A 8i¥4#7 Hitrerent types of printing have been invented, a large AUMDETr of Which are

presently in use. The known follns of print have a varikty of methods for marking the print media with a
relevant marking media. Commonly used forms of printing include offset printing, laser printing and

copying devices, dghaido e IRBIGEUTING IRRTRY BARSRTRIGSSHIITIREPHaIRARermal wax

printers, dye sublimation printers and ink jet printers 15 both of the drop on demand and continuous
flow type. Each type of printer has its own ad\}‘&%ég 3%6?%blems when considering cost, speed,
quality, reliability, simplicity of construction and operation etc. In recent years, the field of ink jet
printing, wherein each individual pixel of ink is derived from one or more ink nozzles has become
increasin p(géﬂ%?—%ﬁ%% to its 20inexpensive and versatile nature. Many different
techniques on ink jet Hintisg:heivedaeen saventedht deld stivieyaf thédieldmrefeiencedsisingde to an
article by J Moote, ':I\{on-lm;{):

) _aﬁ:t Prjg%in é&@tr%ﬁ)&?q@aﬁd Historical Perspective”, Output Hard Copy
Devices, Editold RBUBES Shd88n T, pagges % IE)KH%S). 25Ink 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 Lea%a%l?é%u‘ﬂ@%ﬁfg chﬁ%%nt I\_Io. 1,941,001 by Hansel discloses a simple foiiu o_f
continuous str ctrostatic ink jet printing. US Patent No. 3,596,275 (Sweet et al) also discloses a
process dfa continuddaninkiferpat Bretied prekikEg tEspYeRiGIA eaARTRCERERMNGE odulated by

a high frequengy. eleetra-gtaticrfield, 50 A% 16308 AR SERAFRIVBS hbisd@chn e iaStit yhikeed by
several manufacturers including Elmjet and Scitex (see also US Patent No. 3,373 g,%‘Z/? weet et al)
 Piezoelectric irRefit pritkarsIarans Raking frtitor cOmmBRiy AR iﬁ?rﬁﬁ}gtfﬁﬁl $°Piezoelectric

systems are digglagediBereaieland OBl RNt HR4G 3% Mifdct printers, thermal paper
2009/052543PCT/AU2 07/00{2%18 égyvhic utilizes a‘diéa\ghratgm rpode oftolpeagl ig)%,.fts)iy rzlglt?n in US
Patent No. 3,683 WK QEiTs S EGN8E PEHBaS 0T Bherafion oT 4 pia cHic Brystal, Stemme

ration or a piezoele
in US Patent NetBf4Hc iR26pdisclesesdahé ndundesoipiezpeleEudb pperatiomtbidwkitointUS Patent

No. 4,459,601 ad(fxsfgrlx asgeeg h igr%% 48%@%&1”@5‘1’1@(%%%5 %k@gg&c?,fcf&gijcg}krje%a§§fﬁﬁr§implicity of
construction and operation etc. '

In recent years, the field of ink jet printing, wherein each individual pixel of ink is
derived from one or more ink nozzles has become increasingly popular primarily due to its

20  inexpensive and versatile nature.

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).

25 Tk Jet printers themselves come in many different types. The utilization of 2
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

30 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
menufacturers including Elmjet and Scitex (see also US Patent No. 3,373,437 (Sweet et al)

Piczoclectric 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



5and Fischbeck in US 4,584,590 which discloses a shear mode type of piezoelectric transducer
element. More recently, theal ink jet printing has become an extremely popular form of ink jet printing.
The ink jet printing techniques include those disclosed by Endo et al in 08 2007162 and Vaught et al in
us 4,490,72@%9?W?ﬁ§ﬁforementioned references 10disclosed ink jet pririthi§ tEEHAYGES that rely
upon the activation of an el ectrothermal actuator whiéh results in the creation of a bubble in a
constricted spadickuthas adigirigmnvniate ierpbyttaubedherjedid R stanRifrcdntdhZaperture

connected to the, canFNES.SNAGE, ONOAHRISYARLAMNE Bredia. KHRlng devicesiilizing e

electro-thermal actuator are manufactured by manufacturers such as Canon and Hewlett Packard.

15As can be s8etiitdrn. thetolted siisglonsanpaifiaredt afpbecerlsrirismytetivnoldeiddngre Svailable.
Ideally, a printipgtechpology sheuddiave apnunhenal gesirable atiibvtesrihess eludennexpensive

construction and operation, high speed Oé)erationk safe and_continuous long term operation etc. Each
technology ma$" A hiecehvi Havantdge: waiéﬁa\?aﬁ%&gsé&%f%ﬂée%gsogma%?}agﬁfé“ed, quality,

reliability, powentsage: giaphicity of 20construction operation, durability and consumables. Many

inlcjet printheads are constructed utilizing.micro-electromechanical systems (ME echnjques. As
such, they tend to 1ol AP SN TRCTAEL T CH Tl By bR oo e bt
depositing planak jayeristor a Bikdoh jsafengmgltetbhingcarthidepboiodsdbtheé pldindoley@ns. Within
silicon circuit fabgicati Eec &59%@ He@w%ge% tjag I Know ﬁ@@p 9%% 3. FOr example,
the technique;%géggggigéedém !%%%Xéregtiqn o$ CMOS ci'rcu?t{sgare_ |k1é%§/“to g’e mo?eereaggﬁy used than
those asddciatditakshdiek irepriorngftestoticveitiftsshoimdintfativelben sgeliitintasseside etc.

Hence, it is degitablg, ILAMEVIR SRNSEUGICNS, Rnbilae WethRIRYEN:3&mI-GRAYYGIRA faRrication

techniques which do not require any "exotic" processes or materials. Of course, a certain 30degree of
trade off will be*IHISREREY GRUsALIF (HECHD A AE BT HsARGTHE EXBRCHTRIR N FaRERRATBIGRS its

disadvantagesdhen i-mmnbasamedesiraiieniodetilize thematarialiamovayrhioweavekrikit is possible to

achieve the same, or similar, properties using morge common materjals, the problems of exotic
materials can B&8 ﬁlé]&?.daW@ @96’55%3%%@? @%6‘?&8’@%1%1) Sk

15 As can be seen from the foregoing, many different types of printing technologies
are available. Ideally, a printing technology should have a number of desirable attributes.
These include inexpensive construction and operation, high speed operation, safe and
continuous long term operation efc. Each technology may have its own advantages and
disadvantages in the areas of cost, speed, quality, reliability, power usage, simplicity of

20  construction operation, durability and consumables.

Many inkjet printheads are constructed utilizing micro-electromechanical systems
(MEMS) techniques. As such, they tend to rely upon standard integrated circuit
construction/fabrication techniques of depositing planar layers on a silicon wafer and
etching certain portions of the planar layers. Within silicon circuit fabrication technology,

25  certain techniques are better known than others. For example, 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

30 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 sarne, or similar, properties using more .

common materials, the problems of exotic materials can be avoided.



An important aspect of any inkjet printer is printhead maintenance. Printhead maintenance increases
the lifetime of a printhead and enables the printhead to be used after idle periods. Typical aims of
printhead maintenance are the removal of particulates from the printhead, removing ink flooded onto
the printhea&vﬁégqgéﬂi‘aéﬁblocking of nozzles 5which may become blockggmﬂzmﬁ!?mc?é%ap') or
particulates. Hitherto, a variety of techniques have beén used for printhead maintenance, such as
suction cappers and gquisayeetpessipémyHuu e usihgrdblemistehprifttiadidathaintenance

are exacerbated, indhe,ApRlicait:s pRswidihrinthsadss which e iighsisnsit, Bezaies.aepstructed

on a 10silicon wafer using MEMS techniques. Whilst these printheads are very inexpensive to

manufacture, ti§ RiacspiEampdbsrgruEhsAlgIREr FHRROC SHin the EroaAo Hrst e E & itherto
required specighcansidesationsfipsintherdmpbHenansanthec@EiRIMAths-ARRIIGAM Rasipyoposed a
number of novel techniques for printhead maintenance, including non-contact maintenance
techniques. SoFRBIAELSRRFRIGEREY YEdRHiGdELR AL BEXEHIpIFH TS ﬂﬁﬁ)ﬂ&%‘{tfgn Nos.
11/246,688 (filed@aiukd haQoberldded tor Printliled @einlch A0 59udl4R 460683 (ilperQetil1, 2005);
11/482,958 (filed July 1 2006@} and 11/495,815 (filed July 31, 2006), the contents of each of which
are herein incosf%%ere 0| g@/er‘g%greshce. It would be desirable to provide a MEMS pagewidth printhead,
which is amenable 20foacptettiorasobigrmtiead ¢sfipinténah cetgchnigues, dnatadiaigdcorttect

maintenance techijglies. #\%\%8%% it %ﬁﬁﬁ‘%@é%@%&?ﬁ%%% QfhRad Bgving superior

mechanical robustness. It wa further desirable to provide a MEMS printhead, which traps a
minimal némbetlispparatuaties M ebTisiftatBi st Hipre T AYERTS AEHCE Y 2BCSRAMIYAR of the

Invention  InafirstaRspastyihergapiovidedshsinkist Rrathasd sampriinga, ieinferagethi-layered
nozzle plate structure spanning across a plurality of nozzles. Optionally, each nozzle comprises a

nozzle chambeFHEUM A HSSrsRH FORT R HefinEasAd IRIBIIAN h S Jpaly sHicture

300ptionally, the:pezzienehprobers araufapaed esva sdhsitaie. for p@pliedatiirachaozzdaeigmber
comprises said roof sf%orac_ed( g\tgart from said sub$trate, ﬁgd side.vv{alls exten ing between said roof and
said substrate. SRR, "BHERFEET FASAWES A8 B HRfiRed arer BPtiBrAfy, the nozzle plate
structure thmpeisas i i2 Q0D QG243 CNA U Q0T /BXLETS] Oct 11, 2005); 11/246,707 (filed Oct

11, 2005); 11/246,693 (filed Oct 11, 2005); 11/482,958 (filed July 10, 2006); and
11/495,815 (filed July 31, 2006), the contents of each of which are herein incorporated by
reference.
It would be desirable to provide a MEMS pagewidth printhead, which is amenable
20  to aplethora of printhead maintenance techniques, including contact maintenance
techniques. It would be further desirable to provide a MEMS printhead having superior
mechanical robustness. It would be further desirable to provide a MEMS printhead, which

traps a minimal number of particulates and hence facilitates printhead maintenance.

25  Summary 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.
30 Optionally, the nozzle chambers are formed on a substrate, -
Optionally, cach 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:



4 a first nozzle plate spanning a plurality of nozzles, said first nozzle plate having a plurality of

cavities defined therein; photoresist filling said cavities; and
said first nozzle plate and said photoresist. 50ptionally, the second nozzle plate defines a planar,

a second nozzle plate covering

exterior surf3ce %'g?asﬁ?inthead. Optionally, the first and second no é“ﬁlg%g%wg?éﬁé%mprised of
the same or different materials. Optionally, the materidls are ceramic materials depositable by PECVD.

100ptionally, the materials af@rshoeménpletstipsuiawad vorthe gretpscoribhisingpzeiiadataitride,

silicon oxide aﬂ%&?ﬂl%@ﬁﬁ@avitiesqgﬁﬁg@ﬁYerS%Ch nozzle comprises a nozzle chamber formed on
a substrate, said nozzle chamber comprising a roof _si)aced apart from said substrate and sidewalls

extending between said rooPkeresf Witk civHEBi#Eaid first nozzle plate and said sidewalls are

15comprised of the same matgiald noz4lt BISRCRNEASPR fherRisipravidefdan;iinkigtaeatead

integrated circuit comprising; a substrate haying a plur%g‘ty of nozzles fonued there

circuitry electrically ¢ AL 1 SEO Ao ZRE RSl

bi-layered nozggngatd. structure spanning across said plurality of nozzles.

is provided a method of fabricati n.inkiet printhead having a planar. nqgz late, the meth
comprising the steps (gghé)gé p{l%%%st and se:ngJ nrghg%zg?ig gt{e are. c%néaancf% 0?%19 samkb or dgﬁe rencf

ing a partia ed prin aving a first nozzle p

fon;,
th SRl ESEIIRESWHREC of ibinforced

d

ate

drive

In a third aspect, there

comprised of anfustiriaterial spanning a plurality of nozzles, said first nozzle plate having a plurality of

cavities;

plate and an upper sur

O) i e e

ace of said }f%]er together define a contiguous planar surface; 30 and

ety 2 ller;sushdhat an.uaRgsStyage phsaid first nozzle

(©)

depositing¥a second fAatenallprifts st Sileneedertiorinalecisddong He ZRpRISITEMEY a planar
exterior surface; Qptipaly, diesecand matatiakis depesited by PECVD.
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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.

In a second aspect, there is provided an inkjet printhead integrated circuit
comprising:

a substrate having a plurality of nozzles formed thereon,

drive circuitry clectrically connected to actuators associated with said

nozzles; and

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

(¢) depositing a second material onto said planar surface to form a second
nozzle plate having a planar exterior surface.

Optionaily, the second material is deposited by PECVD.



WO 2009/052543PCT/AL12007/001618 5 Optionally, the first material is deposited by PECVD
onto a non-planar sacrificial scaffold to form said first nozzle plate. ~ Optionally, the first and second

materials are the same or different from each other. Optionally, the first and secTond materials are
independenﬂ@’%é’f@%@%ﬁr}om the group 5comprising: silicon nitride, silicon” GHAY ARG GfESn oxynitride.

Optionally, the filler is photoresist. Optionally, step (b)'SIS performed by the sub-steps of: (b)(0
depositing a layer of pipotovdkisthsriicssamichidtindepteishty $EaY 1d dilicaiboalities samt1ee|{b)(ii)

removing a polioR 9k %%%ﬁﬁﬁrﬁﬂ%&ﬁ%ﬁ?& an upper surface of said first nozzle plate and an

upper surface of said photoresist filling said cavities together define a contiguous planar surface.

Optionally, the methdamitatly chmprisaadprecardprstersbirraiiy remsoing Sarnphiow reshedtacilitate
complete filling of saighdReaviliase firs @RISR, BERRIHN Ub: s pgiannes By chenisal meghapical
planarization or by photoresist etching. Optionally, the method further comprises the step of: (d)
defining nozzIE4PRIITEs ThrERHEd s FHEPRAY! %%qﬂﬂfﬁﬁiﬁ’éqﬁiﬁfé%;ZOOptionaIIy, each nozzle

. comprises a nozzle chatiherniorhaatiienapsvhstsaie, said nozzle chamber comprising a roof spaced

apart from said substg:\t%e an sisc%ew l}lslseﬁr Q%gg be%{lvr\ées%%_g eidS roofof and said substrate, wherein said
first nozzle plate and SRIF Sigewaik aré omprlsedbgf &'$ama material. The printhead according to

the invention comprises a plbwalitjepdsitzz kekyandf 25bpicsilicatorsam hest andzEchlritor(esdge heater
element) corregﬁ%g%igg‘é H%aggdnozzle. 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
repeatinglthese individual ufitéli Seee dagadvitioaPhmidehenewRystsfetehto RpeeivAaca olinit cell”. A

printhead may he;¢omRrsad aha plaralibpplnrinthead infegriee GicHiheRthRURhead ntegrated
define a contiguous planar surface.
Optionally, the method further comprises the step of:
thermally reflowing said photoresist to facilitate complete filling of said
15 cavities.
Optionally, step (b)(it) is performed by chemical mechanical planarization or by
photoresist etching.
Optionally, the method further comprises the step of:
(d) defining nozzle apertures through said first and second nozzle plates.

20 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 nozzie plate and said sidewalls are
comprised of the same material.

The printhead according to the invention comprises a plurality of nozzles, and

25  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

30 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



30circuit comprising a plurality of nozzles. As used herein, the tenn "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 WRPZ88I8EIE43PCT/A112007/001618 6 fluids, medicaments’ WateP4HEYHEr solvents,
and so on. The ink or ejectable liquid also need not neécessarily be a strictly a liquid, and may contain a
suspension of Solit$.pacticiescBriel Desuriptiber o v B rawling snsEhvbolionerts af¢Hrpregent

invention will ngy opﬁ&%ﬁj&%‘é’ﬂi%ﬁm&%f AN "8&&2%3&9864&%%‘E%SH&?A?%H}‘%Q“W‘“QS’

in which: Figure 1 shows a partially fabricated unit cell of the MEMS nozzle array on a printhead
according to the present invention, the unit cell being section along A-A of Figure 3; 10 Figure 2 shows
a perspective qf tbernariaivfahricaisdypit.cell of Figure 1; Figure 3 shows the mark associated with
the etch of the heater element trench; 15Figure 4 is a sectioned view of the unit cell after the etch of

the trench?Figure 5 i&R3FEHEE0EDRRTeoTThiE (R Al Shewh I #stFabed Diigare 6 583 hBlask
associated withtResdepesitianofsaeriiciahphetasasist ewna Wh2@Figure 7; 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 shownFiigkregl shows a partially fabricated unit cell of the MEMS nozzle array on a printhead

according to the present invention, the unif cell being section along A-A of Figure 3;
10
Figure 2 shows a perspective of the partially fabricated unit cell of Figure 1,

Figure 3 shows the mark associated with the etch of the heater element trench;
15 Figure 4 is a sectioned view of the unit cell after the etch of the trench;
Figure 5 is a perspective view of the unit cell shown in Fig 4;

Figure 6 is the mask associated with the deposition of sacrificial photoresist shown in

20  Figure 7,

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;

25
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;

30

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;



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 ii is a
section view showing the deposition of the heater m riM layer; ate WO
2009/05254 3B IALF28137/001618 7 Figure 12 is a perspective of the unit €& BRI Eig 11; Figure
13 is the mask associated with the metal etch of the h&ater material shown in Figure 14; 5 Figure 14 is
a section view Bhowih?)ithepmatatieteh fthsmapetieteaten Bgfudtors; Figure 15 is a perspective of the
unit cell shown in Fig 14; 10Figure 16 is the mask associated with the etch shown in Fig 17; Figure 17
shows the deposition of the photoresist layer and subsequent etch of the ink inlet to the passivation
layer on top of irmue oSt rivesayeseriaBiigihexgustal petspbpicsttmeaisitlcbpshoniignFig 17;
Figure 19 shows.the oxide etch through the passivation and CMOS layers to the underlying silicon
wafer; 20Figure 20 is a perspective of the unit cell shown n 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; 25

Figure 23 is theimeskassociated with thewahptarasishieieh shemipdmEigb44s actuators;
Figure 15 is a perspective of the unit cell shown in Fig 14;
10 Figure 16 is the mask associated with the etch shown in Fig 17;

Figure 17 shows the deposition of the photoresist layer and subsequent etch of the ink inlet
to the passivation layer on top of the CMOS drive layers;

15  Figure 18 is a perspective of the unit cell shown m Fig 17;

Figure 19 shows the oxide etch through the passivation and CMOS layers to the underlying

silicon wafer;
20  Figure 20 is a perspective of the unit cell shown m 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,
25

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;
30 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;



Figure 24 shows the photoresist etch to form openings for the chamber roof and side walls; 30Figure
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; WO
2000/05254 5K 3017/001618 8 Figure 28 is the mask associated witlf THEURYZARIEH, etch shown
in Fig 29; Figure 29 shows the etch of the roof layer t&fo the nozzle aperture 5 Figure 30 is a
perspective of the unit cell shown in Fig 29; Figure 31 is the mask associated with the nozzle aperture

etch shown in g 32, 10Faue 2. Shas.eisteh abibe matmRtslia ey elipical nozzle

apertures; Figur€ 33 is a perspective of the unit cell shown in Fig 32; Figure 34 'shows the unit cell
after backside etching, plasma ashing and wafer thinning; 15 Figure 35 is a perspective of the unit cell

shown in Fig 3¢;andbighye384s @cianwaydrershastivePlirmaray Ltneszles, on a printhead
integrated circuit. 20Figure 37 is a perspective of the unit cell shown in Figure 27 after cavity filling;

Figure 38 5 a side view of the unit cell shown in Figure 37 after a second roof deposition; Figure 39 is
a perspective @fighe: goitsaepeshiRam HoFige g3 8ei@titbwn in Fig 29;

Figure 31 is the mask associated with the nozzle aperture etch shown in Fig 32;
10 Figure 32 shows the etch of the roof material to form the ellipiical nozzle apertures;

Figure 33 is a perspective of the unit cell shown in Fig 32;

Figure 34 shows the unit cell after backside etching, plasma ashing and wafer thinning;
15

Figure 35 is a perspective of the unit cell shown in Fig 34; and

Figure 36 is a cutaway perspective of an array of nozzles on a printhead integrated circuit.
20 Figure 37 is a perspective of the unit cell shown in Figure 27 after cavity filling;

Figure 38 is a side view of the unit cell shown in Figure 37 after a second roof deposition;

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

25
Figure 40 is a cutaway perspective of a printhead integrated circuit with a reinforced bi-
layered nozzle plate.
Detailed Description of the Preferred Embodiments

30 Referring mitially 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 mk inlets 15 m each row.



25 Figure 40 is a cutaway perspective of a printhead integrated circuit with a reinforced bilayered
nozzle plate. Detailed Description of the Preferred Embodiments 30Referring initially to Figure 36,
there is shown a cutaway perspective view of a MEMS printhead integrated circuit, as described in our
earlier US AWﬂiZt%&?ﬂﬁzRi* . 11,246,684 (filed October 11, 2005), the contéity sFVRie ¥ ferein
incorporated by reference. As shown in Figure 36, eaéh row of nozzles has a respective ink supply

channel 27 extBirdinkg inleagitsiengibobnisippiyirigaendist a pfarsrep spmikviletscimezdach row. WO
2009/052543P G A AJZQ0L001 £18:3 ] e dnkiBleisk Wi SYRRIAINGIQ aRICANdiyked for each

row, with each nozzle chambeér receiving ink from a common ink conduit extending longitudinally along

each row. NozZ&¥ dPere BB aAfinkr T8 STEERRA oo E FifiD 35 e defiPtifr A%sX afate 101,
which spans agassHie: Qs andEalymesafnaczzles AT willhe explained i pnoeredsdetaikbelow, the
nozzle plate 101 is formed by PECVD of a ceramic material (e.g.silicon nitride) onto a photoresist
Soatfold. B vifGE bPHTE RS IR e S HEL e Ll 0 ST A QPAIG o Lo 07
defined thereimitHde)cavitiephb@zgie gisfiokkdinvbeiwetthiadigesiionqeptedn theawzdheké cavities
102 are typical veral,microns. deep (e.g, 1-5 microns d and intreduce discontinuities into the
nozzie piate 100 THo R B ADLHSATeS L a e o O O B Vi o
these cavities 202 cBeptindingrorzihe: particuldc st detigruarismmalifsetuging proselssp the cavities

102 may be sybstantially.larger. (Wides lonart ordesRerithants usisaied nEigirerab o ihgy may

extend significantly between rows or columns of nozzles. The discontinuity or non-planarity arising
from the ¢Bvitics§amsinnprezisaysie plhi 1STPERENAPaRLGLDY TBFSV/dhesesaEsins. istly, the
cavities 102 are points SENBRKBE %I Patiieuinzdiemlaia ikl hrnadaducashe Merall meehanigal

robustness of the printhead, particularly with respect to sheer forces imparted across the nozzle plate.
This is especialR?<ifribeanbsiiatatbslevemify denlmedhbdense dntde dBrtaen i FiIgBRdl 101 (as
may be used dukig.seeedrpehzaipuMperd el ntenanee) eatsel rielatively high sheer forces.
20Secondly, the cavitigs 102 can easiby,iap ink A0d/onRpaficuiates, which g ten. g afiie
15 101 is disadvantageous for several reasons. Firstly, the cavities 102 are points of weakness
in the nozzle plate 101 and reduce the overall mechanical robustness of the printhead,
particularly with respect to sheer forces imparted across the nozzle plate, This is especially
significant, because wiping actions across the surface of the nozzle plate 101 (as may be
used during some types of printhead maintenance) cause relatively high sheer forces.
20 Secondly, the cavities 102 can casily trap ink and/or particulates, which are then difficult to
remove. The proximity of the cavities 102 to the nozzle apertures 26 is especially
undesirable, because any trapped particulates are more likely to obscure nozzles and affect
print quality.
For a complete understanding of the present invention, there now follows a
25  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.

30 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.



remove. The proximity of the cavities 102 to the nozzle apertures 26 is especially undesirable,
because any trapped particulates are more likely to obscure nozzles and affect print quality. For a
complete understanding of the present invention, there now follows a 25description of how the
printhead int@é’fﬁ?@ﬁ“éﬁ%ﬁit shown in Figure 36 is formed by a MEMS maﬁlﬁy&%‘?ﬂqa‘ﬁ'ﬂ&%ss. In
addition, there is described an alternative manufacturifig process, in accordance with the present
invention, in which th@plagdi¥Ost phe ersinde Dlatevaler. i signitiddmtlydrmprdyedit@OINEMS

Manufacturin2 Brocess e > T MEMS.manu{asiiing:ocRss bUlds MRaAzele SEHEHIESIHN 2 Sil”con

wafer after the completion of CMOS processing. Figure 2°is a cutaway perspective view of a hozzle

unit cell 100 afteratie lBsriplensibRCIES fisesdshes At BEIoMIMEMS! drsessaigreWdt up
2009/052543P G HiAl200 HI0RL&H 1 QurinRUI0G GMQRiREOFaSRINAVh e wafsr Qi metal layers are

deposited onto a silicon wafer 2, with the metal layers heing interspersed between interlayer dielectric

(1LD) Layers. FRE6FTetaRpels Qropsraingts wafirafii2, M3 and M4 layers and are built up
sequentially on the wafelciing L RpeatessingedibieserkaMQGiayers qimaceddd the SEdse circuitry

and logic for operating the printhead. In the complet: rinthead, each t ent actuator is
conmested o (8 GBS NEAA 67 D R 5 Ao A g FReHeE o wia
CMOS layer istthddoutdiatidn:farsedsat MEnVIv RS phor e Singrafcth@hedfer 1abeald dafiessalso
defines bonding,pads alondialengiidingl e of each RHnMcad isarasest alieul Thesshanding
10pads (not sh%)wns Elﬁ)w t%’e gMO%éto %e C(?{r%]ecte@a toBa m{?craoproc%%sor \%a wire gondas ex%:nding
from the BBndinedp&ers. showRigliees theftOS by trardeiat it TagessSoh ANy e Priskivation layer

4 deposited thereqpAORMMEMshiBRIYES of the M4 layer are shown in these Figures; the main
CMOS features of the M4 layer are positioned outside the nozzle unit cell). The M4 15layer 3 has a

thickness of 1 micronfa&#ss ltéafk 4 e BROANIRR FRHS S8 B B ISR ISR Awn in Figures |
and 2, the M4 |ayek:d:hasaRinkoRIChIPRIS T fiRB d NLOPBININGS afe TRBsE apRnings:deiinadhe

petion of e 1k IRORIL I SPTed R nesent i MV proces. Sl M processin
are defined by letchihgathsohighrtise glaissiationrndyeitskifidusosted savealaithenNid day€CY Bt the bonding
s pster. Tl eph i come el R g, orce
through openings 7. These openings define the positions of the ink inlet and pits formed
subsequently in the MEMS process.
Before MEMS processing of the unit cell 1 begins, bonding pads along a
20  longitudinal edge of each printhead integrated circuit are defined by etching through the
passivation layer 4. This etch reveals the M4 layer 3 at the bonding pad positions. The
nozzle unit cell 1 is completely masked with photoresist for this step and, hence, s
unaffected by the etch.
Turning to Figures 3 o 5, the first stage of MEMS processing etches a pit 8 through
25 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 §, 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 nozzie, a heater element is
30 suspended across the pit & between the electrodes 9.
In the next step (Figures 6 to ), the pit & 1s filled with a first sacrificial layer
(“SACI1™) of photoresist 10. A 2 micron layer of high viscosity photoresist 1s first spun
onto the wafer and then exposed using the dark tone mask shown in Figure 6. The SACI

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



25the 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 eltifet"tide st ihe pit by partially revealing the M4 layer 3 throggﬁT{ﬁg%}gygwg{?on Layer 4. In
the completed nozzle, a heater element is 30suspendéd across the pit 8 between the electrodes 9.

In the next stepl¢Figdesd ensidierbidpif sl ddwisraufirsbsddsficieprapehe SAELIPh@pishistoresist
10. A 2 micronjlgyes ohhiah v gP&Efaeé%Q{%siﬁiswmme%ﬁm%m@e apddhen expesgd using

the dark tone mask shown in égiure 6. The SAC1 photoresist 10 forms a scaffold for subsequent

deposition of tEeiinss hafhal AbROYSHEOWEr In0lToh 28U SIsET A0 081BEE Pllectrodes 9

on either side gfihgcAlShLRPERAUANIYIH dSimpRitamdhe SAGHLBgtoesis! dehasea planar upper
surface that is flush with the upper surface of the electrodes 9. At the same time, the SAC! photoresist
st completely il 1S BAG Yo T L (GRS EOHIRHVE Hisdtdh TRERHEN B3 5RBNAG Seross the o
and shorting oghtheslectiodes Qe Pypioaty pfthen-filihdrirericheswith-phatpliesistsiiti§lirecessary to

expose the photoresist outside the perimeter of the trench jn order to .ensure that photoresist fills
mgainst the watEa AT LAt Deararars e e Bl B REe
However, this sghnidoeaesuiissirttcnaise dfoltspikedismiin of phictdrasistiaroviog dse e dier of the
wrench. This s yndesitablenhsaueri e suhsementlenrition siaRo10maleHalis denosited unevenly
onto the raised rim - vertical or angled surfaces on the rim will receive less deposited material than the

horizontal lan@eStigbica SRS hROTETREI SOt tHecGsleh. TREcrbelfE sbeistars OB Hdts' in
regions where matedalis N AeRQsHREABBROWD haighEe fataesRreseni mesassasliperately

exposes the SAC | 15photoresist 10 inside the perimeter walls of the pijt 8 (e.%. within 0.5 microns)
using the masKEHEWRFIAEGL 8 ToFRIG S HSTRAD S NISTBPtE pRdr SR REBF tREERL Bittoresist 10

and avoids anyigfikestiregions of photoresist around the perimeter rim of the pit 8. After exposure of
AT L ton T G i
reflow. THé photatesistsha® iasplatiar perimeter walls of the pit 8 (e.g. within 0.5 microns) using the
mask shown in Figure 6. This ensures a planar upper surface of the SAC! photoresist 10
and avoids any spiked regions of photoresist around the perimeter rim of the pit 8.
After exposure of the SACT photoresist 10, the photoresist is reflowed by heating.
Reflowing the photoresist allows it to flow to the walls of the pit §, ﬁiﬁng it exactly.

20 Figures 9 and 10 show the SACI photoresist 10 after reflow. The photoresist has a planar
upyper surface and meets flush with the upper surface of the M4 layer 3, which forms the
electrodes 9. Following reflow, the SAC1 photoresist 10 is U.V. cured and/or hardbaked to
avoid any reflow during the subsequent deposition step of heater material.

Figures 11 and 12 show the unit cell after deposition of the 0.5 microns of heater

25  material 11 onto the SAC1 photoresist 10. Due to the reflow process described above, the
heater material 11 is deposited evenly and in a planar layer over the electrodes & and the
SACI photoresist 10. The heater material may be comprised of any suitable conductive
material, such as TiAlL TiN, TiAIN, TiAlISIN efc. A typical heater matertal deposition
process may involve sequential deposition of a 100 A seed layer of TiAl, a 2500 A layer of

30 TiAIN, a further 100 A seed layer of TiAl and finally a further 2500 A layer of TiAIN,

Referring to Figures 13 fo 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,



upper surface and meets flush with the upper surface of the M4 layer 3, which forms the electrodes 9.
Following reflow, the SAC | photoresist 10 is U.V. cured and/or hardbaked to avoid any reflow during
the subsequent deposition step of heater material. Figures 11 and 12 show_ the unit cell after
deposition o‘lajfﬁ%{’ﬁ%’ﬁ?ﬁﬁons of heater 25material 11 onto the SAC1 phoré}rg@igtz Y0 'B¢E%o the reflow
process described above, the heater material 11 is déposited evenly and in a planar layer over the

electrodes 9 and the BisGichhiodofesibby 6. [ayse tadelorpse fttiuy b coniefisetotarrduitable

conductive majgrigh SHChAm HA i TIAL M HARIN IR AstyRicalhsaiemmateralderasition
process may involve sequential deposition of a 100 A seed layer of TiAl, a 2500 A Layer of 30TiALlN, a
further 100 A $&@@ MyEree PRy SRR RIR A slrgiedosbd iR wayar SherksaRy. clemeddfer iy to Figures 13

to 15, in the nextsieR,dhalRyesokhesiarraleriakldhissaieRedde fefing theptharmal achuader 12. Each

actuator 12 has contacts 28 that establish an electrical connection to respective electrodes 9 on either
side of the SAEY Bﬂéﬁjﬁgﬁs@fﬁpﬁf%ﬁi‘?@%}#&?% Eggﬁ%%aéﬁ%@ﬁe?[ Sfresponding contacts 28.
WO 2009/052543P CIlV Ald 260 et 6480t 2teps, dihisletehitisod éfinsd-tly & taytexiohplghatesist (not
shown) exposed using the dark tone mask shown, in Figure 13. NOWN | E@' ' heater
element 12 is gaﬁfr’llggqrggg}él e%%’é[n%ﬁw)a Sefween %elt%%f? ot glggtfr’% é%&ﬁ%&ever,%ﬁgﬁgﬁ%r element
12 may alternativielyf seopteiieyaehfiganatibrsles apena thosdaaseniygd ipmpiicantkels Patent SNo.

6,755,509, the,content pfwhich Js ferain IncorRar Ao Dy ARIRreRagis ink RithehexrRequUapGe of steps,

an ink inlet for the nozzle'is etched through the passivation layer 4, the oxide layer 5 and the silicon
wafer 2. DUrinfCMOSEpRsessdiige sdermsripd Metayrydia nace Tme fetspehilisee, for

example, ope@f@&@ﬁéﬁﬁ%}@g@gﬁ@ﬁ@g{@d&g@gIp@ﬂ,ltg]erethrough in preparation for this ink inlet
etch. These metal 10layers, together with the interspersed 1LD layers, form a seal ring for the ink inlet,

preventing ink from sEERHGHOTEEMOS By ére BRRn Rty A8 5 Hs! L RHR &P thick
layer of photorggistatd imsRpypoertaithe walerrnshexpaistdssing Heveatk tdne thiakkeshofwn in Figure

16. The thickness of photqresist 13 required will depend, on the. selectivity of the deep reactjve ion etch
(DPIE) 15050 LR NG IR Uk 11 HeCBE G S GEad FEthS BRODICACES the
wafer is réady dsediecstibéeduentletciVsteps ink inlistthecfiist éicheteg (Fihamehecsind 30d¢he

dielectric layers (passivation layer. ig,[% ay, 5) are etched through to the silicon wafer below.
Any standard c‘&%er etc d‘%ﬁ%ﬁ%&%g%qﬁ%éma% m >S/ be used.

In the first etch step (Figures 19 and 20}, the dielectric fayers (passivation layer 4
and oxide layer 5) are etched through to the silicon wafer below. Any standard oxide etch
(e.g. 0/C4Fg plasma) may be used.

20 In the second etch step (Figures 21 and 22), an ink inlet [5 is etched through the
silicon wafer 2 to a depth of 25 microns, using the same photoresist mask 13. Any
standard anisotropic DRIE, such as the Bosch etch (see US Patent Nos. 6,501,893 and
6,284,148) may be used for this etch. Following etching of the ink infet 15, the photoresist
layer 13 is removed by plasma ashing.

25 In the next step, the ink inlet 15 is plugged with photoresist and a second sacrificial
layer (“SAC2") of photoresist 16 is built up on top of the SAC1 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

30 the wafer and exposed using the dark tone mask shown in Figure 23.

As shown in Figures 23 and 23, 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



20In the second etch step (Figures 21 and 22), an ink inlet 15 is etched through the silicon wafer 2 to a
depth of 25 microns, using the same photoresist mask 13. Any standard anisotropic DRIE, such as the
Bosch etch (see US Patent Nos. 6,501,893 and 6,284,148) may be used for this etch. Following
etching of th %’?Wfé?iﬁ the photoresist layer 13 is removed by plasma%%ﬁf?‘%a%?ﬁ] 1 next step,
the ink inlet 15 is plugged with photoresist and a secdAd sacrificial layer ("SAC2") of photoresist 16 is
built up on topreftheSAL inshotshesiERTreaidlpressivatiter lage prwvikasAc2driotazesig s will serve

as a scaffold f%;éggmﬁ%g&egl;%%{)gg&KH@QI‘E?P&%@&%M@iﬁhé@mﬁlmﬂ&%aﬁ&@‘é@ﬂﬁﬂg?am

nozzle chambér. Referring to Figures 23 to 25, a - 6 micron layer of high viscosity photoresist is spun

onto 30 the wafdfurd whisbssd v dranaank fome hrgicshompiraehgrersshambas diswn in Figures
23 and 25, thegnaskeeXpanrs sidewsil apeniaDs s inlthetAtZphalatesist dbscamespenreing to the
positions of chamber sidewalls and sidewalls for an ink conduit. In addition nings 18 and 19 are
exposed asdjacrg%etgﬁ‘lkéegﬂQ@E@@Hti?ﬁ‘é%@%g%ﬁg%fﬂ%r%%%@z L?ﬁr‘éﬁ&g %gs?)rgc%@gf S Hhegd Spenings 18
and 19 will be fitlgeks witherihéQ RO BAGA3RATHAWU2007/001618 13 roof material in the subsequent
roof deposition step rQVi nigque, ady es in the present. I i ifically, the
openings 18 filled witi{(!: ?8%?“:%a?eeﬁ?g?%é?gasa%%%%efé%’f&??&ﬁﬁ?%ﬁggéﬁﬁgﬁﬁﬁﬁgﬂ?ﬁ%ﬁo% the inlet -
15 into each ndgzietcHaribér Thetopssingdy SENYDwitha oofimateniall Atfils hikepspoesurés and
fluidic cross talighalries, %E%%@jﬁetw&m%q&r Rhblss fram.pigdng theinezzle champers and

diffuses pressure pulses generated by the thermal actuator 12. Referring to Figures 26 and 27, the

next stagtdepidstsetsaraisiak FoniHiata fal SURINBHE ShTephitsrs e sy PEe i ste roof

material 20 fillgithg opgingsnldt h83penAdRaie ShGadphaiosesistidutotammnasgiaighambers 24
having a roof 21 and 10sidewalls 22. An ink conduit 23 fg su pleling ink into each nozzle chamber is

also formed duRGIISHSSHiSRPSTHESBThateNidI 20 2if SHaRIOA BhyIRMAmG fERtdPes anld filter
structures (notsabpwiHiffoglies @6 RestaTcatezRelnachibd:thé, spamadinge adjaecroate2d, each
corresponding t{(]) a}gespectivefr%o%zle chamber aﬁ, aenrgg,os%%%j‘ Ir}]itan zzclgngzhas’@ gfrgnin arowto
form a nozzle BIETR TRE O MAETAl 28% a5 he Comprised of any T58titable material, such as silicon
nitride, siliGon ewidklesitigenabxyciride) aemmiitiuin sitdde etccAs!distossetraisoventieunozzle plate 101
has cavities 19, (ahoyn In FIgUre 3610 LBIONS DRWERN ADRAISS i REIUIRAG bR to 30,
the next stage dehnes ane |pt|caf3nozzle rim 25 in the roof 21 by etching away 2 microns of roof
material 20. THhisregetnisbdefisadosiieg. a

Referring to Figures 28 to 30, the next stage defines an clliptical nozzle rim 25 in
the roof 21 by etching away 2 microns of roof material 20. This ctch is defined using a
20 layer of photoresist (not shown) exposed by the dark tone rim mask shown in Figure 28.
The elliptical rim 25 comprises two coaxial rim lips 25a and 25b, positioned over their
respective thermal actuator 12.
Referring to Figures 31 to 33, the next stage defines an elliptical nozzle aperture 26
in the roof 21 by etching all the way through the remaining roof material 20, which is
25  bounded by the rim 25. This etch is defined using a layer of photoresist (not 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 channets 27 by backside DRIE, remove all sacrificial photoresist (inciuding the
30 SACI 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.



20layer of photoresist (not shown) exposed by the dark tone rim mask shown in Figure 28. The

elliptical rim 25 comprises two coaxial rim lips 25a and 25b, positioned over their respective thermal

actuator 12. Referring to Figures 31 to 33, the next stage defines an elliptical nozzle aperture 26 in the

roof 21 by e?@ﬁﬁ@%{ﬂ‘ﬁ%?’way through the remaining roof material 20, Whi’éﬂ?’é‘%@’%’ﬂ?%&% by the rim

25. This etch is defined using a layer of photoresist (iét shown) exposed by the dark tone roof mask
iRt ndlive & S R aaiactirane B orse Prasidine Plana ar 7iho-PES

IINED [ihs YRG! erate-kadt actuator 12, as
shown in Figure 33. mMMﬂ@Q&%&%@W ezziVisallrRT LRI Jormad sbsegpanishages
define ink supply channels 27 by backs

/ ide DRIE, remove all sacrificial photoresist (including the
30SAC! and SReDopREISI 1dydreatshy T80y 0T pragisriadntigs anecthilasdaREseres about 135
mhicronzI by ba%léﬁi@@iﬁf@ﬁi@ﬁitéﬁi%@ﬁ@ﬂiﬁﬂ%ﬁi%mﬂﬁ?@@@m&%@f@éﬂ{aﬁaﬂlg\m EigléI re 36 shO\évs
three adjacent rows of nozzles in.a cutaway perspective view of the completed, printhead integrate
circuit. WO 268@?@%%@%%@77%%6@%%‘%&& @%t‘m%sﬁfﬁﬁ?é’&&%ﬁﬁgﬁ?&b@ss Providing
Planar Nozzle Rigtew. BOamoiihenasy aritagespoihthen 84 BMS Imsinafatturing processhitdsaxibed above

is that the nozzle plate 101 is, deposited.by. PECVD, This means that the nozzle plate fabrication can
be incorporatelgiofn 8?%%%@?6 %Ee{t dion % rf Zg gﬁ)t Gy

dITHrL uf also TEqUITE & sepa atte O canno
abrication process w ich tises stahdard CMO eposition/etch

techniques. Thspdtferowerat snaduthCMidigreostseihthd/ piintdndldandde kepe kawt Byusbntrast, many
prior art printhgﬁgﬁlg@@ laminated nozzle plates, which are not only susceptible to delamination, but
also require a Separate lamination step that cannot be performed by standard CMOS processing.

UltimatelyOthis adds triveeadtEsh Sidepmifine adtierorewelrs, 10 Elay Bsqebdmbaneink Bozzle plate
101 has its own,ghallenges idtdsfundameially inmerankiedenasitaosufficient thickprss of roof

material (e.g. silicon nitride) so that the nozzle plate is not overly brittle. Deposition is not problematic
when depositiffEibSpIEraRERIZH SRR Y Ry Witlle AIRAUERRAIRbRORIGRRSS Y47,
deposition of r@ef¢riaierial@mustalaouiel; oidewalls 3210baaane: chanihesF 24 &ie-23SAC2
scaffold 16 may have sloped walls (npt. shown jn Eigure. 24 sist with deposition, of roof material
into sidewall re%ﬁ%‘?%“f‘?.“rg%’v‘&g%“é‘f? ir?%tzr@g}“tsot %lﬁ%3‘%%“}ﬁb%e&ggﬁ?ePﬁ?&é@%ﬁ%ﬁ@?&%%%&r Rticient
coveragelsf rofhiatenb 0] Grimynbeessapgdoshiivénat seastnsofiespadng wsdetwee deadjacent

nozzles. Whilsg%%so' n%%{er:]r?aﬁzﬂa osﬁagwﬁl i?egig}@rf%%%%er, n order to ensure that chamber

sidewalls 22 receive sufficient coverage of roof material 20, it is necessary to have at least

some spacing in between adjacent nozzles. Whilst this internozzle spacing is advantageous
* from the point of view of roof deposition, the resulting roof 21 (and nozzle plate 101)

20 inevitably contains a plurality of cavities 102 in between nozzles. As afready discussed,
these cavitics 102 behave as traps for particulates and flooded ink, and therefore hinder
printhead maintenance.

Referring now to Figures 37 to 40, there is shown an alternative MEMS
manufacturing process, which minimizes some of the problems discussed above. At the

25  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 refiowed to ensure that the

30 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. Oz plasma). As



from the point of view of roof deposition, the resulting roof 21 (and nozzle plate 101) 20 inevitably
contains a plurality of cavities 102 in between nozzles. As already discussed, these cavities 102
behave as traps for particulates and flooded ink, and therefore hinder printhead maintenance.
Referring no\%%&“lg? fa¥37 to 40, there is shown an alternative MEMS man(taé SF{{I’}][EGDIPOCGSS, which
minimizes some of the problems discussed above. Attfhe 25stage of printhead fabrication shown in
Figures 26 and!®minsteigtref pruasamignnmwieerttbdy phetorszsiéMracandetdy Siliap&iture etches, the
roof 21 (which forms.thg 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. Typicallyheiess R €sresits aoditignastmpalrianBaléadol nisira thisk d4gesbBavities 102 are
Completelly fi"%}:éﬁh@ kﬁi}f@&&f;ﬂﬁ%@ﬁb&ﬁﬂ@ m@mf Qﬂ?yﬁé baqkstgxlm&we@{r&be saﬁm 3%, secthat the
upper surface of the roof 21 and the upper.surface of photpresijst 103 deposited in the cavities 102
together form &EEOHATY GBHé’%T&W&Ia fﬁ?fé%gf%ﬂigi% . é’l‘??&?&ll%g %@%‘%}?ﬁ%ﬁ By A suitable
technique, suckeas:¢hemitidl-imédhapliaalrpiaratizasions @hR)ion oontroffedaphotatesist etching (e.g. 02
plasma). As 009/052543PCT/AU 1001618 15,shewn in_Eigure 37, the resultant unit cell has
photoresist 10 %orﬁ%?é)trgly [ I?ﬁ%o der %%%%legslﬁﬁf {Jbrce;,%rk]) %Sx‘%“sgt%’&%‘ﬁéﬁé’é?% %Sagli%t%&?gfg}%of material
(e.g. 1 micron thictelatyer ) §%/iP BE Btoned Ihé planar structure shown in Figure 37. As shown in
Figures 38 and 39, th&@?&%&&ﬁtﬁ%&&%ﬁ firstrorhi2 A andasecand ek 23R pinpastantly, the
r

exterior second roof 21B is fully planar by virtue of its deposition onto a planar structure. Furthermore,

the secorld rodho 3Bals repiferesemsyRpe L RdEaYIRG pridwiERIStd S iflReS B CHIRRYES2 in the first

roof 21A. This rginforeafRidayered IR0l SlEHs R isnREe chanicalyswattrebEskESMPAIeRkto 10 the
single roof structure shown in Figure 27. The increased thicknessgan%internozzle reinforcement
T

improves the geARFEI ShtISHECE SO SPLrd R UreY EGRHEPFASTE TAReSHRPHP 5298 d%terior second
roof 21B providgscinpievedrsebtistaess with respect to sheer forces across the roof. The first and
second roofs 21A and.21B may,be comprised of th fﬁn e or. different 1 erials, Typically, the first
and second roofs are'c%jngﬁsrr?sag% of cr}ﬁlgtlgor?a séjiln S%an er?ﬁaf sbefiég{%%“ﬁ%%’ he S?(%pog(@ﬁﬁ%%ffng:
silicon nittitle, silicoreBxiteraidysiliediroryditdded nofeenbagimmetho thet finsts ook pdnildstbomprised of

silicon nitride al ectsttzleed %,eo%s)g% @8&%8%’&‘?&@5%%‘2 Hiﬁﬁﬁcf%),(@ﬁcon oxide and silicon oxynitride. In

one embodiment, the first roof 21 A is comprised of silicon nitride and the second roof is

comprised of silicon oxide.
Following on from the unit cell shown in Figures 38 and 39, subsequent MEMS

20 processing can proceed analogously to the corresponding steps described in connection

with Figures 28 to 36. Hence, nozzle rim and nozzle aperture etches are performed,

followed by backside DRIE to define ink supply channels 27, wafer thinning and

photoresist removal. Of course, the photoresist 103 encapsulated by the first and second

roofs 21A and 21B is not exposed to any ashing plasma and remains in tact during late-
25 stage photoresist 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

30 invention facilitates printhead maintenance operations. lts 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.



Following on from the unit cell shown in Figures 38 and 39, subsequent MEMS 20processing can
proceed analogously to the corresponding steps described in connection with Figures 28 to 36. Hence,
nozzle rim and nozzle aperture etches are performed, followed by backside DRIE to define ink supply
channels 27XP8¥P it hg and photoresist removal. Of course, the photSfe<ft P84 Apsulated by
the first and second roofs 21A and 21B is not exposedifto any ashing plasma and remains in tact
during late- 25stage phwibireSistumenbvahprecidthe thas titaprepsin thesntivtdgsdteth desuibddaving a
planar, h-ayeiegaeiBialesd rageis BIate o RONRNGIAEA0: Hhe RATZIRPIAEIAIMRIsES 2 fre!
nozzle plate 101A and anexterior second nozzle plate 101B, which is completely planar save for the
nozzle rims anéfiibx tlscapentorbishTnileBriptheabciateopatay Biectti@ecording to the present
30invention facilitates printhead maintenance operations. Its improved mechanical integrity means that
relatively robust cleaning techniques (e.g. wiping) may be used without damaging the printhead.
Furtheiniore, 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. WO
2009/052543PCT/AU2007/001618 16 It will, of course, be appreciated that the present invention
has been described purely by way of example and that modifications of detail may be made within the
scope of the invention, which is defined by the accompanying claims. 17 CLAIMS 1.A method of
fabricating an inlcjet printhead having a planar nozzle plate, said method comprising the steps of: 5(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



~10planar surface; and (c) depositing a second material onto said planar surface to form a second
nozzle plate having a planar exterior surface. 2.The method of claim 1, wherein said second material is
deposited by 15 PECVD. 3.The method of claim 1, wherein said first material is deposited by PECVD
onto a non-planar sacrificial scaffold to folui said first nozzle plate. 20 4.The method of claim 1,
wherein said first and second materials are the djfferent from each other. 5. The method of claim 1,
wherein said first and second materials are independently selected from the group consisting of:

silicon nitrideCIsAiddl oxide 25and 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: 30(b)(i)
depositing a layer of photoresist onto said first nozzle plate so as to fill said a\f_]i#ies; arhd 18

(b)(ii) removihg a pértihof sEifpimstore srinkishprube SepBed Ry BPééﬁ:i % 8%2le plate and

an upper suggé:{ﬁ (af c%%%?&qé%%@%mﬂg said cavities together define a contiguous planar surface.
5The method o glaim , further comprising the step of: j[herma_;!% r,eflov%.)iT\r_lgt said, photoresist to
facilitatescomplete filling of2areddingespagiatiaRhBtatd BrEmfe 7ANHER gopsziii) is performed by

chemical 10'939@@61{%&&%@5‘%%%%%@ HRAIEESIPheteingt 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 filier together define a contignous

10 planar surface; and
(c) depositing a second material onto said planar surface to forma

second nozzle plate having a planar exterior surface.

2. The method of claim 1, wherein said second material is deposited by

15 PECVD.

3. The method of claim 1, wherein said first material is deposited by PECVD

onto a non-planar sacrificial scaffold to form said first nozzle plate.

20 4. The method of claim 1, wherein said first and second materials are the
different from each other.
5. The method of claim 1, wherein said first and second materials are

iﬁdependenﬂy selected from the group consisting of: silicon nitride, silicon oxide

25 ‘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:

30 (b)(i) depositing a layer of photoresist onto said first nozzle plate so

as to fill said cavities; and



10. The method of claim 1, further comprising the step of: (d) defining nozzle apertures through said
first and second nozzle plates. 15 11. The method of claim 1, wherein 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 majgrial. 20 12. An inkjet printhead obtainable by a
method according to any one of the preceding claims.
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(b)(ii) 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.

8. The method of claim 7, further comprising the step of:

thermally reflowing said photoresist to facilitate complete filling of

said cavities.

9. The method of claim 7, wherein step (b)(ii) is performed by chemical
mechanical planarization or by photoresist etching.

10.  The method of claim 1, further comprising the step of:
(d) defining nozzle apertures through said first and second nozzle
plates.

11.  The method of claim 1, wherein 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.
12.  Aninkjet printhead obtainable by a method according to any one of the

preceding claims.



