METHOD OF FABRI CATI NG PRI NTHEAD HAVI NG HYDROPHOBI C | NK EJECTI ON FACE Field
of the Invention The present invention relates to the field of
printers and particularly inkjet printheads. It has been devel oped
primarily to inprove print quality and reliability in high resolution

print heads. Background of the Invention Many different types of
printing have been invented, a | arge nunber of which are presently in use.
The known fornms of print have a variety of nethods for marking the print
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printers, dye sublimation printers and ink jet printers both of the drop on
dermand and continuous flow type. Each type of printer has its own

advant ages and probl ens when consi dering cost, speed, quality, reliability,
sinplicity_o onstructiion and operation etc. In recent years, the
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ref erence iesolifilgrihthestis. article by J More, "Non-Inpact Printing:

I ntroduction and Historical Perspective", Qutput Hard Copy Devices, Editors
R Dubeck and S Shen, pages 207 -220 (1988). Ink Jet printers

t hensel vesB&dk@Pound oftid)n¢kintiber ent types. The utilization of a continuous
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of the drop on demand and continuous flow type. Each type of printer has its own advantages
and problems 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 increasingly popular primarily due to its
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).
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. 1941001 by Hansell discloses a simple form of continuous stream electro-static ink
jet printing.
US Patent 3596275 by Sweet 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. 3373437 by Sweet et al)



Piezoelectric ink jet printers are also one formof comonly utilized ink
jet printing device. Piezoelectric systens are disclosed by Kyser et. al.
in US Patent No. 3946398 (1970) which utilizes a di aphragm node of
operation, by Zolten in US Patent 3683212 (1970) which discloses a squeeze
node of operation of a piezoelectric erystal, Steme in US Patent No.
3747120 (1972) discloses a bend node of piezoelectric operation, Howkins in
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oper ati ons. However, whil st hydrophobic front faces and hydrophilic

i nk chanbers are desirable, there is a major problemin fabricating such
print heads by MEMS techni ques. The final stage of MEMS print head
fabrication is typically ashing of photoresist using an oxygen pl asna.
However, organic, hydrophobic naterials deposited onto the front face are
typically renoved by the ashing process to | eave a hydrophilic surface.

Mor eover, a problemw th post-ashing vapour deposition of hydrophobic
materials is that the hydrophobic material wll be deposited inside nozzle



4 In a first aspect the present invention provides a nethod of fabricating
a printhead having a hydrophobic ink ejection face, the nethod conpri sing
the steps of: (a) providing a partially-fabricated printhead
conprising a plurality of nozzle chanbers and a rel atively hydrophilic
nozzl e surface, said nozzle surface at3|least partially defining the ink
ej ection face; (b) depositing a layer of relatively hydrophobic
pol ymeri ¢ m#b6dl. abfo@mtsa atcbﬁmmddfgzde&f&aﬂefaf:\ei,ll ltéalhdhrﬁbényiﬁ'ﬂfafitfth&at erial being
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for ink to flood across the front face of the printhead. With a hydrophobic front face, the

aqueous inkjet ink is less likely to flood sideways out of the nozzle openings. Furthermore,
any ink which does flood from nozzle openings is less likely to spread across the face and mix
on the front face — they will instead form discrete spherical microdroplets which can be
managed more easily by suitable maintenance operations.

However, whilst hydrophobic front faces and hydrophilic ink chambers are desirable,
there is a major problem in fabricating such printheads by MEMS techniques. The final stage
of MEMS printhead fabrication is typically ashing of photoresist using an oxygen plasma.
However, organic, hydrophobic materials deposited onto the front face are typically removed
by the ashing process to leave a hydrophilic surface. Moreover, a problem with post-ashing
vapour deposition of hydrophobic materials is that the hydrophobic material will be deposited
inside nozzle chambers as well as on the front face of the printhead. The nozzle chamber walls
become hydrophobized, which is highly undesirable in terms of generating a positive ink
pressure biased towards the nozzle chambers. This is a conundrum, which creates significant
demands on printhead fabrication.

Accordingly, it would be desirable to provide a printhead fabrication process, in
which the resultant printhead has improved surface characteristics, without comprising the
surface characteristics of nozzle chambers. It would further be desirable to provide a
printhead fabrication process, in which the resultant printhead has a hydrophobic front face

in combination with hydrophilic nozzle chambers.

Summary of the Invention



depositing a mask on said polyneric material; patterning said mask
so as to unmask said polyneric material in a plurality of nozzle opening
regi ons; etching said unmasked pol ynmeric material and said
underlying nozzle surface to define the plurality of nozzle openings; and
renmoving said mask. 5 Optionally, a sane gas chemstry is used to etch
said polymeric material and said nozzle surface. Optionally, said gas
ch_e2|n stry I&?{ﬂiﬁt}aﬁﬁ& tﬂe?presgdt iavéntibmprbﬁéesthhxidﬁflﬁ@rbﬂhug(alpﬁdthe@tai/iogaI ly, in
said partia abricate ripth a roof of each nozzle chanber is
suppo_rted ‘%(? hebigin ﬂeﬁtﬂoéllfg‘i‘fh{glf @lgfig?mrgggfgfﬂ}ﬁ Séepsggl d net hod further
conprising the @) @ﬁv:ﬂfngh@ﬁiﬁ\ﬂlﬁ@bﬁ&kdﬂ p}mhmem@mpstmgealﬁxfadlbcbﬂnymm ng.
Optionally, a, roof, of eac
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surface, said polymeric materlal being resistant to removal by ashing; and
(c) defining a plurality of nozzle openings in said nozzle surface,

thereby providing a printhead having a relatively hydrophobic ink ejection face,

wherein steps (b) and (c) are performed in any order.

Optionally, step (c) is performed prior to step (b), and the method comprises the further
step of defining a corresponding plurality of aligned nozzle openings in said deposited

polymeric material.

Optionally, said corresponding plurality of aligned nozzle openings are defined by

photopatterning said polymeric material.

Optionally, step (c) is performed after step (b), and said polymeric material is used as a

mask for etching said nozzle surface.

Optionally, said polymeric material is photopatterned to define a plurality of nozzle

opening regions prior to etching said nozzle surface.

Optionally, (c) is performed after step (b), and step (c) comprises the steps of:
depositing a mask on said polymeric material;
patterning said mask so as to unmask said polymeric material in a plurality
of nozzle opening regions;
etching said unmasked polymeric material and said underlying nozzle
surface to define the plurality of nozzle openings; and

removing said mask.

Optionally, said mask is photoresist, and said photoresist is removed by ashing.



Optionally, said roof and sidewalls are conprised of a material selected
fromthe group conprising: silicon oxide, silicon nitride and silicon
oxynitride. Optionally, said hydrophobic polyneric material forns a

passi vating surface oxide in an 02 plasma. Optionally, said hydrophobic
polymeric material recovers its hydrophobicity after being subjected to an
02 plasma. Optionally, said polymeric material is selected fromthe group
conpri si NQOptMbNyYES saite dassohb@kan Busaid efch waid poigmerit patkryed hef saivsozaDpt | onal |y,
sai d polyner%c material is selected fromthe group conprising:

pol ydi met Y879 oxane (PDVS) and perfluorinated pol yethylene (PFPE). 6 In a
fgrtherb?spgct the present invention prOV|des a printhead obtained or

obt ai nabl e t he thod of the pres ln a secqnd aspect the
present |nQ@%P?@%S%E%V|g@@“%?ﬁ?ﬂﬁ?ﬁ% nﬂ& “ﬁgw*ﬁ“mW%@§f88?|gn facg wher ei n
atlleast part of the ink ejectlon face is coated mnth a hydrophoblc

pol yneric ter ect d fro roup neri zed
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forms a pa55|vat|n surface e an oxygen plasma. Optionally, said
pol yneri c TECENE P l&@ﬁﬁ@??”ﬁ?bqﬁfgpﬂbhoblC|ty after being subjected to an

oxygen pl asna.
Optionally, a roof of each nozzle chamber is defined at least partially by said nozzle

surface.

Optionally, said nozzle surface is spaced apart from a substrate, such that sidewalls of each

nozzle chamber extend between said nozzle surface and said substrate.

Optionally, a roof and sidewalls of each nozzle chamber are comprised of a ceramic

material depositable by CVD.

Optionally, said roof and sidewalls are comprised of a material selected from the group

comprising: silicon oxide, silicon nitride and silicon oxynitride.

Optionally, said hydrophobic polymeric material forms a passivating surface oxide in an O,

plasma.

Optionally, said hydrophobic polymeric material recovers its hydrophobicity after being

subjected to an O, plasma.

Optionally, said polymeric material is selected from the group comprising: polymerized

siloxanes and fluorinated polyolefins.

Optionally, said polymeric material is selected from the group comprising:

polydimethylsiloxane (PDMS) and perfluorinated polyethylene (PFPE).

Optionally, at least some of said polymeric material is UV-cured after deposition.



Optionally, the polyneric material is selected fromthe group conprising:
pol ydi met hyl si | oxane (PDM5S) and perfluorinated pol yethylene (PFPE). In a
further aspect the present invention provides a printhead conprising a
plurality of nozzle assenblies formed on a substrate, each nozzle assenbly
conprising: a nozzle chanber, a nozzl & opening defined in a roof of the
nozzl e chanber and an actuator for ejecting ink through the nozzl e opening,
Optionally, a nozzle surface, having the hydrophobic pol ymer coated

th , least partially defines the ink ejection face. Optiqnally, h
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roof havi ngethodyfdlicopésemtiitventitrsi de surface relative to the inside surfaces
of each nozzl e chanber by virtue of said hydrophobic coating. 7
Optionally, each nozzle chanber conprises a roof and sidewalls conprised of
a ceram c Ixatsedandhspeélic ppesantliyventidreproddan pinttebdhavalg ansnksgéation &de.f r om t he

group conprisi.ng:. silic nitride, .silicon, oxid nd silicon.oxynitride.

Opt i onal | y‘fo"?%{f’ 8t IF%W%OSH?[}%C&F%%QYC‘? 15O gﬁéaﬁgﬁ?@p El,c pglg'%'ﬁn% hat sidewalls
of each nomatkieal céleviddetonetht grdp behpviar: sdymerized dlogares afdfberiaatetd sai d
substrateémﬁgﬁépnally, the ink ejection face is hydrophobic relative to ink
supply ch M3n the printhead. Optionally, said actuator is a heater

el enent configured for heating ink in said chanber so as to forma gas

bubbl e, thereby for.ci a.droplet of ink through said nozzle opening.
Opt i onal | y(spté"é?gl&” ﬁaééPcﬂgmgfcgﬂag%{aﬂsg S §nr ﬁgﬂva:ﬂﬁy LA"8 nozzl e chanber .
Optionally, said polymeric material forms a passivating surface oxide in an oxygen plasma.

Optionally, said polymeric material recovers its hydrophobicity after being subjected to an

oxygen plasma.

Optionally, the polymeric material is selected from the group comprising:

polydimethylsiloxane (PDMS) and perfluorinated polyethylene (PFPE).

In a further aspect the present invention provides a printhead comprising a plurality of
nozzle assemblies formed on a substrate, each nozzle assembly comprising: a nozzle
chamber, a nozzle opening defined in a roof of the nozzle chamber and an actuator for

ejecting ink through the nozzle opening,

Optionally, a nozzle surface, having the hydrophobic polymer coated thereon, at least

partially defines the ink ejection face.

Optionally, each roof defines at least part of the nozzle surface of the printhead, each roof
having a hydrophobic outside surface relative to the inside surfaces of each nozzle chamber

by virtue of said hydrophobic coating.

Optionally, at least part of the ink ejection face has a contact angle of more than 90° and the

inside surfaces of the nozzle chambers have a contact angle of less than 90°.



Optionally, said actuator is a thermal bend actuator conprising: a first
active elenent for connection to drive circuitry; and a second

passi ve el enent nechanically cooperating with the first el ement, such that
when a current is passed through the first elenment, the first el enent
expands relative to the second el enent7 resulting in bending of the
actuator. Optionally, said thermal bend actuator defines at |east part of a
roof of eaoOptionaity k&habaidhambarttemnpiives aedofi atd sidewalls @aipdsact aat¢ramicnoves sai d
act uat or tomanqs a floor of said nozzle chanber. Optionally, said nozzle
openi ng i sS"#&f#'ned in said actuator or in a static portion of said roof.
Optional ly, said hydrophobic polyneric material defines a nechanical seal

bet ween saj d.actuator and static tign of said.roof.. t m nim zin
i nk | eakag ptb‘l??éyna‘e:%rtaﬁ‘éct‘}‘%?{’a g SFlﬁag‘P{r?{P ?"3 gé%uﬁé:g?lprtl%régqB?%%ngﬁ%ﬁlp’%vent i on ’
provi des asil@adkide asdsiitoh yxynitridan i nkj et printhead, said nozzle assenbly
conpri si ng: a nozzl e chanber having a roof, said roof having a
noving portion noveable relative to a static portion and a nozzle opening
def i ned i noptaindlly, 84 roo lsGpacthajartfovenmbitrant, siwhiticht sidamatigofeach nazmler el ative to

said stati &agggrtelxt%gd gg‘t\%ge%séaiglnggz ¢ S agefan!i Qa{(ld Eurt])gtg)a gh the nozzle opening;

Optionally, the ink ejection face is hydrophobic relative to ink supply channels in the

printhead.

Optionally, said actuator is a heater element configured for heating ink in said chamber so

as to form a gas bubble, thereby forcing a droplet of ink through said nozzle opening.
Optionally, said heater element is suspended in said nozzle chamber.

Optionally, said actuator is a thermal bend actuator comprising:
a first active element for connection to drive circuitry; and
a second passive element mechanically cooperating with the first element,
such that when a current is passed through the first element, the first element

expands relative to the second element, resulting in bending of the actuator.

Optionally, said thermal bend actuator defines at least part of a roof of each nozzle
chamber, whereby actuation of said actuator moves said actuator towards a floor of said

nozzle chamber.
Optionally, said nozzle opening is defined in said actuator or in a static portion of said roof.

Optionally, said hydrophobic polymeric material defines a mechanical seal between said

actuator and a static portion of said roof, thereby minimizing ink leakage during actuation

Optionally, said hydrophobic polymeric material has a Young’s modulus of less than 1000
MPa.



an actuator for noving said noving portion relative to said static portion;
and a nechani cal seal interconnecting said noving portion and said static
portion, wherein said nechanical seal conprises a polyneric material
selected fromthe group conprising: polynerized sil oxanes and fl uori nated
pol yol efins. Optionally, said nozzle @pening is defined in said noving
portion. Optionally, said nozzle opening is defined in said static portion.
Optionally, said actuator is a thermal bend actuator conprising: a first

ti I f ti drive.ci ' : .o
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when a curgffifediSsaRpasamt s amghokPasihpr st el ement, the first el enent
expands relative to the second el enent, resulting in bending of the

act uat or. Opti onal | yanogzlf ghambeshaving@ reefcwsifoe] hawiga e 10408 PEEAR | | ever beans.

moveable relative to a static portion and a nozzle opening defined in said roof, such that
movement of said moving portion relative to said static portion causes ejection of ink

through the nozzle opening;

an actuator for moving said moving portion relative to said static portion;

and

a mechanical seal interconnecting said moving portion and said static
portion,
wherein said mechanical seal comprises a polymeric material selected from the group

comprising: polymerized siloxanes and fluorinated polyolefins.
Optionally, said nozzle opening is defined in said moving portion.
Optionally, said nozzle opening is defined in said static portion.
Optionally, said actuator is a thermal bend actuator comprising:
a first active element for connection to drive circuitry; and
a second passive element mechanically cooperating with the first element,

such that when a current is passed through the first element, the first element

expands relative to the second element, resulting in bending of the actuator.
Optionally, said first and second elements are cantilever beams.
Optionally, said thermal bend actuator defines at least part of the moving portion of said
roof, whereby actuation of said actuator moves said actuator towards a floor of said nozzle
chamber.

Optionally, the polymeric material has a Young’s modulus of less than 1000 MPa.

Optionally, the polymeric material is selected from the group comprising:

polydimethylsiloxane (PDMS) and perfluorinated polyethylene (PFPE).



Optionally, said thermal bend actuator defines at |east part of the noving
portion of said roof, whereby actuation of said actuator noves said
actuator towards a floor of said nozzle chanber. Optionally, the polyneric
material has a Young's nodulus of |ess than 1000 MPa. Optionally, the
polyneric material is selected fromtle group conprising:

pol ydi met hyl si | oxane (PDMS) and perfl uorinated pol yethylene (PFPE). 9
Optionally, said polynmeric nmaterial is hydrophobic and is resistant to

I
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hydr ophobi@, ptsingi de surface relative to the inside surfaces of each nozzle
chanber by virtue of said polymeric coating. Optionally, said polyneric
coating has a contact angle of nore than 90 and the inside surfaces of the
nozzl e chapphihalyhidv polgmerdurhatedal &rvghted of the edsle bhisuid ©Of, s@pthavaminky, said

polymeric has a contact . l.e of re than 110. Optionally, inside surfaces
of said n&?f'@‘@ﬁe%ggpﬂgts%désl@'gmq’gglflc'angl e of |ess than 70.

Optionally, each roof forms at least part of a nozzle surface of the printhead, each roof
having a hydrophobic outside surface relative to the inside surfaces of each nozzle chamber

by virtue of said polymeric coating.

Optionally, said polymeric coating has a contact angle of more than 90° and the inside

surfaces of the nozzle chambers have a contact angle of less than 90°.
Optionally, said polymeric has a contact angle of more than 110°.
Optionally, inside surfaces of said nozzle chamber have a contact angle of less than 70°.

Optionally, said nozzle chamber comprises sidewalls extending between said roof and a

substrate, such that said roof is spaced apart from said substrate.

Optionally, said roof and said sidewalls are comprised of a ceramic material depositable by

CVD.

Optionally, the ceramic material is selected from the group comprising: silicon

nitride, silicon oxide and silicon oxynitride.

Brief Description of the Drawings

Optional embodiments of the present invention will now be described by way of
example only with reference to the accompanying drawings, in which:

Figure 1 is a partial perspective view of an array of nozzle assemblies of a thermal

inkjet printhead;



Optionally, said nozzle chanber conprises sidewalls extending between said
roof and a substrate, such that said roof is spaced apart fromsaid
substrate. Optionally, said roof and said sidewalls are conprised of a
ceramic material depositable by C/D. Optionally, the ceramc material is
sel ected fromthe group conprising: sibicon nitride, silicon oxide and
silicon oxynitride. Brief Description of the Draw ngs Opt i onal
embodi ments of Figﬂepﬁseasﬁmvié\wmdzaeawémblymm@ahdesmﬁiged1;by way of

exanple only with reference to the acconpanyi drawi ngs, in which:

Figure 1is a p%‘gk‘ngI‘S HREFPEULE Phe PP ag%z’mgﬁ' Sﬁgiy’éﬁ?a%mur%%’zzl e assenblies of
a thermal inkj eFinﬁYé uRhdvaathartiallQ-féringdl hezzR assemblysifidedepbsitonalf side nalle | e
assenbly unit cell shown in E‘I‘r‘%% e 1;. Figure 3 is a perspective of the

nozzl e ass¥HBPIF M _O'i_tcha?i‘ﬂj otogepis 134 shows a partial | y-fornmed nozzle
assenbly after Hgpesiid4 guispedtive ofithe Nodzleas@mBly shodn meligure &l onto a
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Figure 7 shows the etch of the roof layer to form the nozzle opening rim;

Figure 8 is a perspective of the nozzle assembly shown in Figure 7;

Figure 9 is the mask associated with the nozzle opening etch shown in Figure 10;

Figure 10 shows the etch of the roof material to form the elliptical nozzle openings;

Figure 11 is a perspective of the nozzle assembly shown in Figure 10;

Figure 12 shows the oxygen plasma ashing of the first and second sacrificial
layers;

Figure 13 is a perspective of the nozzle assembly shown in Figure 12;

Figure 14 shows the nozzle assembly after the ashing, as well as the opposing side
of the wafer;

Figure 15 is a perspective of the nozzle assembly shown in Figure 14;

Figure 16 is the mask associated with the backside etch shown in Figure 17;

Figure 17 shows the backside etch of the ink supply channel into the wafer;

Figure 18 is a perspective of the nozzle assembly shown in Figure 17;

Figure 19 shows the nozzle assembly of Figure 10 after deposition of a
hydrophobic polymeric coating;

Figure 20 is a perspective of the nozzle assembly shown in Figure 19;

Figure 21 shows the nozzle assembly of Figure 19 after photopatterning of the
polymeric coating;

Figure 22 is a perspective of the nozzle assembly shown in Figure 21;

Figure 23 shows the nozzle assembly of Figure 7 after deposition of a hydrophobic
polymeric coating;

Figure 24 is a perspective of the nozzle assembly shown in Figure 23;

Figure 25 shows the nozzle assembly of Figure 23 after photopatterning of the
polymeric coating;

Figure 26 is a perspective of the nozzle assembly shown in Figure 25;

Figure 27 is a side sectional view of an inkjet nozzle assembly comprising a roof

having a moving portion defined by a thermal bend actuator;



Figure 6 is the mask associated with the nozzle rimetch shown in Figure 7,
Figure 7 shows the etch of the roof layer to formthe nozzle opening rim
Figure 8 is a perspective of the nozzle assenbly shown in Figure 7; Figure
9 is the nmask associated with the nozzl e opening etch shown in Figure 10;
Figure 10 shows the etch of the roof material to formthe elliptical nozzle
openings; Figure 11 is a perspective of the nozzle assenbly shown in Figure
10; Figure 12 skigws 28 ke cdarayge perficatsvenyieesdti thgnoatle hdsembly skdwnain dfigeeecond
sacrificiq%.layers; Figure 13 is a perspective of the nozzle assenbly shown
I n Figure 12; Figure 14 shows the nozzle assenbly after the ashing,
as wel | as the Bippoe3y B wishertiof viewef thafnezzje dssegnblyeshd®n irsFigurp@7;spect i ve of

t he nozzl e ass hown in Fi qur associ at ed
with the backsi ]?fg“%f’@f"? BN P?{gﬂf"tévﬁr “i‘?tja%ﬁ”ag’ﬁgﬁhelnf)mﬁ assg%?lkeé backsi de
e;chhof thmowﬂm1sgmﬁay channel into the wafer; Flgure 18 is a perspective
of the nozzle as ur he nozzl e
assenbly of Fi gﬁ' L)}ga?fsf(grsecé‘é’ﬁ?;é/fe% (gﬁn \Zémanﬁgd"?( ?loztz)l gssﬁoPymarl c coating;
Fi gure 20 dompaisipgh Sqo€Bavingea mévnmgmru‘mz@ﬁeeda@sah@nyl ls:hcbmuator Fi gure 19;

Figure 21 shows_the_nozzl e assenb of F 19 aft hot.opat t erni ng of
t he pol yneric c%‘ﬁ‘frf’ﬁgls e WP%P%’“ Ve Vleﬁ‘é? e'(‘:Qt f \93589’ O%noz;%? ‘assenbl y
shown in RBigure 21;

Figure 33 is a perspective view of the nozzle assembly shown in Figure 31;

Figure 34 shows the nozzle assembly of Figure 27 with a polymeric coating on the
roof forming a mechanical seal between a moving roof portion and a static roof portion;
and

Figure 35 shows the nozzle assembly of Figure 31 with a polymeric coating on the

roof forming a mechanical seal between a moving roof portion and a static roof portion.

Description of Optional Embodiments

The present invention may be used with any type of printhead. The present Applicant
has previously described a plethora of inkjet printheads. It is not necessary to describe all
such printheads here for an understanding of the present invention. However, the present
invention will now be described in connection with a thermal bubble-forming inkjet
printhead and a mechanical thermal bend actuated inkjet printhead. Advantages of the present

invention will be readily apparent from the discussion that follows.

Thermal Bubble-Forming Inkjet Printhead
Referring to Figure 1, there is shown a part of printhead comprising a plurality of

nozzle assemblies. Figures 2 and 3 show one of these nozzle assemblies in side-section and
cutaway perspective views.

Each nozzle assembly comprises a nozzle chamber 24 formed by MEMS fabrication
techniques on a silicon wafer substrate 2. The nozzle chamber 24 is defined by a roof 21 and
sidewalls 22 which extend from the roof 21 to the silicon substrate 2. As shown in Figure 1,
each roof is defined by part of a nozzle surface 56, which spans across an ejection face of the

printhead. The nozzle surface 56 and sidewalls 22 are formed of the same material, which is



Figure 23 shows the nozzle assenbly of Figure 7 after deposition of a
hydr ophobi ¢ pol yneric coating; Figure 24 is a perspective of the nozzle

assenbly shown in Figure 23; Figure 25 shows the nozzle assenbly of
Figure 23 after photopatterning of the polyneric coating; Figure 26 is a
perspective of the nozzle assenbly shaomwn in Figure 25; Figure 27 is

a side sectional view of an inkjet nozzle assenmbly conprising a roof having
a movi ng pdepbsitedbyREC VTR dveby sz&riﬁhﬂrsemoldxfﬂpﬂotaesmauxdxrg,MEMS fabirigatios. 28 is a
cutaway p tlve Vi ew Of shown.

Fi gure” 29 fyé’Pcé haEdgEs %Ce\f %‘? ah?az eed)a/tosf Y mﬁtne“apymﬁ %I gure 27;
Fi gure 30 dilcoa diokidewesylicpeigiie CThesechawd mmemls have axcerlbyt pncﬁpettieefonmlheed
assenbl i es shown | pnal view of

an al t er ndPP¥PEN élie'rﬂ%l?ﬁnéy gysdéoé’%‘f’ya%m?%ar e ﬁeous for S‘é‘?pq a%/l(faﬂg{0 % movi ng
portion de:foizﬂeﬁhabi)ﬁel@.ﬂl bﬁdfdpiﬂlaxybemdl Howerat, dre; exEngumk eﬁalqn$51mfamﬂf dway

perspecti Vneoz%/l!e (salyyfage 56t is glsonl(lj %I'Opﬁlll 1crg1bc|at¥se§s et]n(g'%o&eg ixﬁci SHhSsurface to spread.

Returning to the details of the nozzle chamber 24, it will be seen that a nozzle
opening 26 is defined in a roof of each nozzle chamber 24. Each nozzle opening 26 is
generally elliptical and has an associated nozzle rim 25. The nozzle rim 25 assists with drop
directionality during printing as well as reducing, at least to some extent, ink flooding from
the nozzle opening 26. The actuator for ejecting ink from the nozzle chamber 24 is a heater
element 29 positioned beneath the nozzle opening 26 and suspended across a pit 8. Current is
supplied to the heater element 29 via electrodes 9 connected to drive circuitry in underlying
CMOS layers 5 of the substrate 2. When a current is passed through the heater element 29, it
rapidly superheats surrounding ink to form a gas bubble, which forces ink through the nozzle
opening. By suspending the heater element 29, it is completely immersed in ink when the
nozzle chamber 24 is primed. This improves printhead efficiency, because less heat dissipates
into the underlying substrate 2 and more input energy is used to generate a bubble.

As seen most clearly in Figure 1, the nozzles are arranged in rows and an ink supply
channel 27 extending longitudinally along the row supplies ink to each nozzle in the row. The
ink supply channel 27 delivers ink to an ink inlet passage 15 for each nozzle, which supplies
ink from the side of the nozzle opening 26 via an ink conduit 23 in the nozzle chamber 24.

The MEMS fabrication process for manufacturing such printheads was described in
detail in our previously filed US Application No. 11/246,684 filed on October 11, 2005, the
contents of which is herein incorporated by reference. The latter stages of this fabrication
process are briefly revisited here for the sake of clarity.

Figures 4 and 5 show a partially-fabricated printhead comprising a nozzle chamber
24 encapsulating sacrificial photoresist 10 (“SAC1”) and 16 (“SAC2”). The SACI
photoresist 10 was used as a scaffold for deposition of heater material to form the suspended
heater element 29. The SAC2 photoresist 16 was used as a scaffold for deposition of the
sidewalls 22 and roof 21 (which defines part of the nozzle surface 56).

In the prior art process, and referring to Figures 6 to 8, the next stage of MEMS
fabrication defines the elliptical nozzle rim 25 in the roof 21 by etching away 2 microns of

roof material 20. This etch is defined using a layer of photoresist (not shown) exposed by



31; Figure 33 is a perspective view of the nozzle assenbly shown in Figure

31; Figure 34 shows the nozzle assenbly of Figure 27 with a
pol ymeric coating on the roof form ng a nechanical seal between a noving
roof portion and a static roof portion; and Figure 35 shows the

nozzl e assenbly of Figure 31 with a pedyneric coating on the roof formng a
mechani cal seal between a noving roof portion and a static roof portion.
Descri pti ahe ddrk ©pé fimmadsk Edvadn iregutess. The ellipticeh e m@PS5eomptises hwespekialTimmay be
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i et pr AR roof RIS TRATRES. heicliflicd Rl B U3 Rfbolofe 1 0
pri nt head thothprmiat aatgrtar 2p) agiskdwrt iy Fgdurenldzz| e assenblies. Figures 2 and 3 show
one of these n S [ i | de- ' @%g ctive
Vi ews. E\géh%}]@f zl'e gggzzz}%@?grg%ﬁ)pv?iﬁ@%lsf&gleﬁg% z'feg{ C a%%ngosggﬁgf ormed by
MEMS f abr i St ow SA€Riphbigresist layersal Osintl il 6 by Onplasma ashing (Figares 2. andhd). nozzl e
chanber 24..is fin b [ Qof ., 2 n i | W d fromthe
roof 21 t gFl%lﬁeesd@i al"fi gg ﬁho)sévutges ?n?%ﬁ t(lam%'.] e%igsg Wgé\irnx\i%:) ﬂﬁhigé{i% ‘ﬁa?ergggtﬁpr oof is
def i ned byasiiag the SACA and3ALC2 phatorksistdayd3,10whd th spans across an ejection face
of the printheag.. The zzl u e i | r rmed of the
sane materi al, algvﬁg?rf:lﬁg fos lgui?elgz%g)é% Ceec? (bf/ﬁ%%é@ggg’:{/%?e 4S§1g§§%§hr@i Fefélﬁ)sal scaffold
of phot or esmptetedLink ngplyhBikkl2 iacatdhed fromyls tmeksidg of theavaf raiest sithf ace 56
and side | 5,22 a fornmed.of a ceram .erial. C. -k con di oxi de
or sili c\(l)vﬁhenlln Flﬁe Seiseﬁshnésaerrs‘? %‘g?rg et er }carf? @E@\/lgﬁdecg%%ﬁ eI%ehnlgI d%‘r%gggérdﬁc%s for
pri nt head layebufghoessist @ockhbWwe) axposadh by thatdhrk téngdnaslbkliowingn Rgnerlé. Ths
advant ageaus fo upplyi ng ink to the nozzl e chamber i lary
action. Hdaﬁ}lgpf,’y cﬁﬂtg‘&e%?t“éa?ﬂeso? h‘('ldlﬁ l?o%lfe%t(’: nizbglr‘ﬂeelgglf ggc%(safagg Ap ﬁéa%gézyg | e surface
56 is al sahdipklidgaiy.i c, which causes any fl ooded ink on the surface to
spread. Finally, and referring to Figures 2 and 3, the wafer is thinned to about 135 microns
by backside etching. Figure 1 shows three adjacent rows of nozzles in a cutaway
perspective view of a completed printhead integrated circuit. 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. The ink inlets, in turn, supply ink to the ink conduit 23 for
each row, with each nozzle chamber receiving ink from a common ink conduit for that row.
As already discussed above, this prior art MEMS fabrication process inevitably
leaves a hydrophilic ink ejection face by virtue of the nozzle surface 56 being formed of
ceramic materials, such as silicon dioxide, silicon nitride, silicon oxynitride, aluminium

nitride etc.

Nozzle Etch Followed by Hvdrophobic Polymer Coating

As an alternative to the process described above, the nozzle surface 56 has a
hydrophobic polymer deposited thereon immediately after the nozzle opening etch (i.e. at
the stage represented in Figures 10 and 11). Since the photoresist scaffold layers must be
subsequently removed, the polymeric material should be resistant to the ashing process.

Preferably, the polymeric material should be resistant to removal by an O, or an H; ashing



Returning to the details of the nozzle chanber 24, it will be seen that a
nozzl e opening 26 is defined in a roof of each nozzle chanber 24. Each
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25. The nozzle rim25 assists with drop directionality during printing as
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cut away perspective view of a conpleted printhead integrated circuit. Each
row of nozzles has a respective ink supply channel 27 extending along its

| ength and supplying ink to a plurality of ink inlets 15 in each row The
ink inlets, in turn, supply ink to the ink conduit 23 for each row, with
each nozzl e chanber receiving ink froma common ink conduit for that row




As al ready di scussed above, this prior art MEMS fabrication process

i nevitably | eaves a hydrophilic ink ejection face by virtue of the nozzle
surface 56 being formed of ceramic materials, such as silicon dioxide,
silicon nitride, silicon oxynitride, alumniumnitride etc. Nozzle Etch
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13), at t himstordsigRafoll o ind @yer (ca 1 micron) of hydrophobic polyneric
material 100 is spun onto the nozzle surface 56, as shown in Figures 19 and
20. After deposition, this |layer of polyneric material is

phot opat t egRRshrsEic Bslym& oy Rridr e NoBle Btdhdlitdebipnildthowrdsii Maskhe nozzl e

openi ngs 26. Phot opatt er ni may copnpri.se, exposure t he polyneric |ayer
180 togUV | i ghtF1 ?%?éﬁf‘d %‘rﬂgitﬁ‘ﬁ?)é‘ﬁwrt yﬂf??h?ejﬁ“{)ﬂ??yﬁnﬁrﬁgg‘H@'rz\}el‘%eéo%é‘ﬂi ngs 2%.
Accor di ngl &ch sk $7@Wozzlebpbigkters Txidicatti difftent tiole rapss ibaiveéttle pudyindads0 a

hydr ophobi ¢ nozzl e surface, and sub%ggufgnt I\/Eh/s %r.o essing steps can
proceed arfRiGi5deRd/2y- 3 disguseed aboyspromades sytfeigntieith sRi¥®t i on with Figures 12 to
18. Si gni fi cant Hywevbh@s J0idRP pIRPkIiCe alpyitilarkO0 atcomnpate sittbtiad wiyret he 02
ashing steps used _to renove the photoresist. scaffold 10 and 16 dr ophobi c
Pol yrer #1f fgnspfficispt gtk sRlg e aETy(’?ﬁ"fj\’Pf‘?tﬂre%tl (n?’rél?o"ﬂg By hedeppyigd W?é k

As an al t epdRfdrdpBotié PR 106 SRwAYIFigRb ol ivhidh@hibiBcohvelithalidGniteadeposi t ed
imedi ately after the stage represented b% Fi gur.es 7@%@0' 8? chor di ngly,

t he hydr odﬁgmsd’r‘ﬁ?ﬁﬁsy‘ﬁe@a‘?@ nbpiqPrtisThed thisdep Iavs oF sidy the Rydrophpbie POYRYL i m 25 i s
defined byjgohgd tht Foe2 Chay BibichB@hdhe stbi@inpaRZdame @ReMenGtry? Bvithshedsy | ned by t he
nozzl e etch. Referring to Flvg?res 23 and 24, there is shgwn a nozzle

assenbl y dfYespfapbgosstst Rsinedrcdias a sRURFGSHIRISK b etsyhepistnt): forH@mB) yner 100

i s then phot Rk etNetraRh e HyropRIBRVRIYRE 1 (0BnE EHea khrbip fidecbfly. t he rim 25

in the nozzle opening region, as shown in F.igz res 25 apcll 26. .
ubsequent O, ashing may be used to remove just the top layer of photoresist (to

obtain the nozzle assembly shown in Figures 10 and 11), or prolonged O, ashing may be used
to remove both the top layer of photoresist and the sacrificial photoresist layers 10 and 16 (to
obtain the nozzle assembly shown in Figures 12 and 13).

The skilled person will be able to envisage other alternative sequences of MEMS
processing steps, in addition to the three alternatives discussed herein. However, it will be

appreciated that in identifying hydrophobic polymers capable of withstanding O, and H,



15 Hence, the hydrophobic polyneric material 100 can now act as an etch
mask for etching the nozzle opening 26. The nozzle opening 26 is
defined by etching through the roof structure 21, which is typically
performed using a gas chem stry conprising 02 and a fluorinated hydrocarbon
(e.g. CF4 or CAF8). Hydrophobic polymygs, such as PDMS and PFPE, are
normal |y etched under the sane conditions. However, since materials such as
si l'i con nidskihg eeQhrdsbnt MvekiosB&W picvfiedlh yiablt Fears dafpr@idigahydepkdbihed

sel ectively usin eithek PDN§89{fEFPE as an etch mask. By way of

conpar i sorfloZ&iF $UHAcE 1§ % inkigt Rrigthgpc 1OrcaliQ8iiOG®) - si|icon nitride etches at
about 240 m crons per hour, whereas PDMS etches at about 20 m crons per
hour. Hence, it mﬁJ&%$e %Q,;eciated that etch selectivity using a PDVS mask
i s achi evab¥ QUTHEeAe nozzl e opening 26. Once the roof 21

is etched to defldviig disd@sdionagh i i mogzle §uifacawdaptisthaisebky 24 is as shown
steps can

in Figures 21 and 22. Accordingly, subsequent M5 processi.n
proceed aﬁé’ﬁ@@'&‘ﬁ’é@ *&V&ﬁ?’ﬁéppé%"@geﬁ'&é%ﬁwﬁg’gPi"ﬁ“%%ﬁﬁ%@? ﬁyéiﬁ()paﬁ’ Y58 Plres 12 to
18. Si gni fdnglagduk yhanideh @locir aphBbiest ip@htysiealk&Gattisulacidvantagesied by t he 02

ashing steps used to r ve the photoresist . scaffold. 10 and 16.. Hydrophobic
Pol ymer CHRMeREemPYifghe gg‘?‘l‘iﬂ’ﬁfl"@"@’t‘@%g‘wrﬁ’ﬁg priiheatt SWHSBH&CSF%&% Mask

Fi gures 2candr @Bzt hiseiablicataRcdomell adiftydionphids the pebepniventiGOmaple be used as
an etch mask, for a nozzle opening etch. Typically, different etch rates

bet ween tH@edp‘BISW‘m%B@S%‘ﬂPO?‘%S'r oof 21, as discussed above, provides

suf ficient etclhs@baalberd hdtuated printheadHOWVIE Bsserilily shaf uorhprise a adzzler nat i ve and
particularly to, acconmdate sij

fuationg where there is.insufficient etch
sel ect i vi tpamber payinga rgef POIIGR ¥ @EF@YCS(’%?}’LV%‘WO%% POYRRR Ogg‘egh@ﬂ‘ 31 f}éed over the
hydr ophobi ovies1era8portidis HipRaily dctiated ©uioRe Dvardiihic Clborgiogtioh bg meamsvent i onal

downst r eam MEMS processi ng. i hot opatterned this t | .ayer of resist,
the hydr optdasered E'B'I"Vfr@"‘d i%bato@l:{%c{‘]%é&%@f ?)ilt’erfﬁ’ﬁl ‘B'éedgf“(‘?'ﬁ’g@’p(?fﬁh one step using
the sanme grsz€hRmbaldr It mayidéfihettitandviig paityethe afof siruotaet or esi st bei ng used as a
standard etch mask. A gtas ‘fhem' stré of , .flor eﬁﬁn*gl e, CF4/02 fbi rsf et ches
through the hydrBpfiRsre Haf%oniaseoynaecasy it IREFS thy dpic T ARy 211y

Subs equentha0idg 3 faboMRYmBEndkti@btufe@omn@ MayiCagatist thé Viscouomk! yvasveh

photoresist (to obtain the nozzle as.s%rrEW shown i n Figures %0 and 11), or
pr ol onged Rsgblera wiith ucheBovEg rolstusteyes I8 fhot B Ig5E9TArne spg it side the b ot or esi st
and the sapyiif biahdbr HRAL AHQSIORITYDRYIBY, the HozANEhahber(rtites Ohh duidicd sedl, nozzl e
assenbly shown in Fi %:Jr_es 12 gnd 13%). ) The skill eag grerson V¥it|| be

abl e to enviighigeamss sahusing thesyepceension §f R ks HRY RS SPOL HE IPRFEeE eps, in
addi tion tégdtith%uld'ﬁe%éiﬁtbte@? ﬂﬁﬁlia\lﬁ&}aﬂﬁc&ﬁwﬁﬁﬂdclhlﬁbﬁis Ii‘elyih@mewleﬂ’ace ;t will be
appreciated that in identifying hydrophobic po rs capa o]

Wllo!to hst andi tR§icg2s a Agangfor “’PBtaéé"rglgh"g‘}/‘k*tsr‘l‘gh bF@%‘@H‘Fal%/SE%é”ﬁP@F’Ee‘ﬂ8$8 provi ded a
vi abl e neapgricitly REME & R26onan 4 tROBABInG nideida bahswof.ace in an i nkj et

printhead fabrication process. . . o
A typical nozzle assembly 400 having a moving roof structure was described in our

previously filed US Application No. 11/607,976 filed on December 4, 2006 (the contents

of which is herein incorporated by reference) and is shown here in Figures 27 to 30. The
nozzle assembly 400 comprises a nozzle chamber 401 formed on a passivated CMOS layer
402 of a silicon substrate 403. The nozzle chamber is defined by a roof 404 and sidewalls
405 extending from the roof to the passivated CMOS layer 402. Ink is supplied to the
nozzle chamber 401 by means of an ink inlet 406 in fluid communication with an ink
supply channel 407 receiving ink from a backside of the silicon substrate. Ink is ejected
from the nozzle chamber 401 by means of a nozzle opening 408 defined in the roof 404.
The nozzle opening 408 is offset from the ink inlet 406.

As shown more clearly in Figure 28, the roof 404 has a moving portion 409,



Thermal Bend Actuator Printhead Havi ng di scussed ways in which a
nozzl e surface of a printhead nay be hydrophobized, it will be appreciated
that any type of printhead may be hydrophobi zed in an anal ogous manner.
However, the present invention realizes particular advantages in connection
with the Applicant's previously described printhead conprising thermal bend
actuator nozzle assenblies. Accordingly, a discussion of how the present

i nvention m&ﬁn&%&dbdtﬁusllp@h oPithi: uttmﬁbds)fmemffonybmw the movingl N a t her nal

bend actuated printhead e as rise.a nozzl e chamber
havi ng a rRe8ng8? f5iBss W‘?aéti'? %‘%}Jé'%e tP@ a&?*} Qf)éhetr8gf4%?rlg(5 fie Tpedin Sﬂtzof t he
chanber. THRewaRMBaARED 71690, tRGIoEHOBpeng UYPaiaioksle Antduatedefigedinthe t owar ds
the floor portion, by neans, of a bi-layered, the bend étuator Such an

act uat or AV IPOFHE 407H hat thetjogele p WﬁaPﬁgozﬁ%iTT BOVHETHDE "SYORt rmy

define thegopmwi Nng part of the roof structure. A nmoving roof is

advant ageous, bhecause it he dro i on.ener . O havi ng one
face of the moUhfEPzEl Fi?&‘f‘{’}?’g&éj& ﬂaﬁﬂfzﬁ&)ﬁﬁg?t M R?ftg%‘gﬁ% lsi(innJ{;P{e(iHOV\/ever a
probl em wigyh thémbl BERY hdhghtdr A06 haﬁzﬁlfglbc‘{ilaﬂhe@pbﬁach%ﬁﬁeali 1 sndhapims bwert 0 seal

the ink inside the nozzle anber rln pi t he. nozzl e
chanmber r 1258 b5pm 414 Hepes eé%tﬁartor‘\(i/ﬁ P%$ esaat eé’%f y fﬁ}bet?% salJSff ace

t ensi on ofthd REf 40aKCorkRPEMRIELY, b Gppes @aivs béﬁﬁ%lllrmﬁéafllgdéﬁnﬁldtledst swubtl be
desirable to forma pechanical seal which avoids relying on surface tension
as a rreansth?@Fa'érS%?féP"rﬂioH *%he ink. Such a mechanical seal would need to be
sufficiently flagXhd¥ntn Fipus 2P BRIISaktdedsiyRrtloE idiupper atitvie beanod 1 1tileparaif A
typi cal nozzle assenbly 400 havi a novi.n oof structu s described in
our previ GRat Qoﬁﬂl“’el(%]wﬁ@?%b"ﬁlbfs%f‘ P%f‘?r NBleizi‘?géé%b'gs‘##1°88¥§‘ﬁ cenber 4,

2006 (the yeant Murs spRtifitdllyChlal s ohﬂ}f@hgbdlaﬁlﬁﬁﬁdgn{gﬂhﬁd4b)jbelt\eéeﬁltlmlmﬁ§r and is

shown here in Figures 27 t ozzl e ass ses a nozzle
chanber 4CttiyedieaRd! bﬁ"“&’"ﬁﬁf’g |W§la%‘£&‘ I PaET ° A’[‘ﬁ?‘l léforgpréﬁeﬁrg% >substrat e
403. The npzZkiggiehRy&aNn3 hifowdafdapath Pbe defined fin tho detadnat 430 dewednl the 405

extendi ng fromthe roof to_the passivate K uppl i ed
to the nozFli H&RSWE boars- TYjs gapAHS “Blmefﬁd'?erﬂYeﬁaH Ieg.ié‘eﬂf%‘ﬁ%he ‘}Cgﬁf 0

comuni catyyQRiniitifg MBrmkaMsarkEEp B tﬁé@ﬂﬁ@lbeaﬂaoﬂl tehe paskingbdamka 1r om a backsi de
of the silicon_substrate. Ink is ee)fecte mthebno?zllle chanber 401 by
means of a nozHowewhdhvillpf sgrsederpredat thf“ﬁ © G838 *404 " THE nozzl e openi ng

408 is of fast%atwe@rfbé fiSed dRlondal airecﬂ%othépassxh@w@nfmae‘oﬁh@mqu/munmalgur e 28,
t he roof 404 has nmovi ng gortl on 409, 7. Whi ch ﬁ tg Sli@ substanti al part
GobBF o

of the totrgidifyy %%‘Ehd‘?s‘@h‘éo‘?‘ gotions ppuldbe well igfun the g 5 P58 def i nes at

| east 50% of t ge s@ilvetbeatf AR iPdonhdt@dtODhaidéFtonthdls 4 e pesitb@dndgdtndhown i n
Figures 27 to 30

t he nozzl| e openi n 408 ag o0zzle. ri m43@4§$e defined in
t he movi ng"l?)@PtTi%}' gméayewéﬁcwgf%l SO dg‘ﬁ%ﬁ‘f"r‘fﬁrydﬂg‘e e rimnove
with the d1g portion. The nozzl e assenbly 400 is characterized in
that the noving portion 409 is defined by a ther bend tuat or, 410
havi ng a pl anagvhfﬁﬁé?re&'éfeid%elffééﬁf%ﬁo%fﬁ frgm thefp eFWFr%js%?meeam 412.
Hence, thenRGlBLEN théddlvd ddaincal |b¥tvs@&f B BFo @htabeass. ThOG6tiak bédapsttias al area of
t he roof 404. Correspondi ngly, the upPer active bei)am té. t¥F ically defines
at | east Sepsiytheatedebytthe %H"e&tr"é‘ﬁ egpangdsiglafiysdp thepassive beam 4 he thefeBY GAYSIHBE] gur es

27 and 28 thélactda%ﬁaﬁo@é}ﬁéh &RfindsiR HEAREY poRedn 408 oPBaR#Ad4)itsbepaced apart from
t he | ower (E)asswe beam 412 for maxim zing thermal insulation, of the two

beams. Moraowapers favwagds|te substiatei3. Sincethe gap 46k bejwepn the MoviRgRion 4091 413
bet ween t hgjURRRE p(ﬁ'ﬁéﬂ%q iP8AMaft LhirE@TBHsion@eh &herhilpb@Red ko k&Mis passi ve
beam 412 conprised of Si Q2. The bridging |ayer 413 allows a gap 414 to be
defi ned i reapaemie mevise partion !?@P%féﬁtot'ﬂ‘é’eé%‘ﬁr@%‘h%ﬂ@“&é%‘g} ve beans. This gap

414 inproves t hfe QYenRd ofthd AchiafRgV Qlises BRcidfmios tlkAFondth® n¥lePpaiing zi ng
thermal transfer fromthe active beam 411 to the passive beam 412.

However , 408y alrapid inersepe oEPBRSUEEIRsidechopasge chagber 4 - WbeR GUTBESIORS411 may,
al ternat i Vilwing, B fidt8boRlon 209 gﬁqe Qiof go4t ik YdwRd b RupPRSts \(RichRam 412 for

i mproved structural rigidity. Such design nodifications would be well
within the anmbit of the skilled person.




The active beam 411 is connected to a pair of contacts 416 (positive and
ground) via the Ti bridging |ayer. The contacts 416 connect with drive
circuitry in the CMOS | ayers. When it is required to eject a droplet
of ink fromthe nozzle chanber 401, a current flows through the active beam
411 between the two contacts 416. Theiactive beam 411 is rapidly heated by
the current and expands relative to the passive beam 412, thereby causing

t he act uatgskitidd, vHioM3uaR itkeftdnn s idléte06mi thy n@atetchanbed 861, of readigess foof 404) to
bend downwards towards the substrate 403. Since the gap 460 between the

movi ng porf¥ B H6Y°8nd a static portion 461 is so small, surface tension
can general |y bruriag togut® 12, 6 vt @k rdabilysapgeepiatst eat thh @ozripveissegibyondsi on i s
actuated to nmove towards the substrate 403, . . The nmovenent of the

act uat or 4PFdeRligpied ATy 8%‘06%‘6 F?’?ﬁ‘glflfeém%ﬁge ?ﬁBri'ﬁ‘eé“QSfo%rhn}(hnegg 408 by a rapid

i nCrease OfhtefafRa S, ApSihtieadtiftegrawd ziraitchapiies a silidon s\bstratecamrarendf st ops

fl owi ng, the novi nﬂ,p rt,%@gg 409 of th oof, 404 iﬁ al Igl%dvégcruﬁturn to its
qui escent nozge assemblies (ypigally aangsd frerormdored an e upsirts A HEYs A8 ™he nozzl e
chanmber 40y the RoAzRaddeABESs. APlurdlitgoMninthesy debtad circuits may bd alsuttechor t 0 Fi gur e

12, it will be readily appreciated that the nozzl e assenbly may be
replicat eo“qkﬁ‘f@ fomm %P%{%ﬁv%g? ‘“]ﬂf)fz‘i'l“g’e?igg%‘?f’ﬁ?rﬁ’gg Ty gorﬁ’éaf'?pieexgp%craf“n head or
printhead dantee U ppHcibE NUd. 110/884, 431 éch@aday 21, e@4aingd 1/014, 1% flledconpr i ses a

silicon substrate, an array of npozz] e assenblies ically arranged in
rows) for n%?fe’é?ﬁertzﬁezabgﬂrﬁé? $ohtepts OEWE‘C{H F‘ie$8r65‘i ‘?Cé)ﬂ?oﬁt% Qlygrf gfeﬁ%é{nozzl e
assenblies. A ity nofzlQdskeribhesid showerfagued 3aito 8listsnikm the abutted or

linked to forma pagew dth inkjet printhead described in, for exanple,
Appl i cant ' IZHEATFER kY ﬂﬁ%ﬁﬁ%é{h@&ﬂﬂﬁs@ *5gioh 811 BTG BT 8K my 27, 2004
and 11/ 014pe48311 bhebio@dr fageertean 521) def2294 moling pomioh efd ®obHF04wifitteh are herein
i ncor porated by reference. An alternative nozzle assenbly 500 shown
in Fi gures“"S?Ll"'PlEf1 '3 sinmilar to the nozzle assenbly 400 insofar as a

thermal bend actisadver, ilbdbiradh@ith the ndFrld d3gdiblya4i0], the nbekropbdidg 208chnd | ower

passi ve beam 512, defines a novi.ng porti.on of roaof 504 of the.nozzle
chanber 50m 515 are not dafpgd hythe ‘P?]V"&ﬁ?{tr“é’soff%?ﬁr??‘f@ﬁ‘ﬁ%ﬁ’%?@"ﬁ%‘%%f"}? 400, the
nozzl e opegugngd ARG 1308 definad3d b finddeorkatic pfionssd diyhetrbie Sodstichghapthet i on of t he
roof 504. Rather, the nozzl oge?i ng 508 and rim5 5.arde ?gfjged ina fixed
or static 8rior §H Beves srdcpardently gt the fozzle pppnigapd rim during dopled p1eeiqy- yy es

i ndependeni Yavahtasd UF tHi9&ZdnLerRRER it it prFides MofLadile Gordiodpf drbp Rigkct i on. An
advantage of this arrangenent is th it ?{)rg)vi des_nore. facil esé%ntrol of
drop fli ghdireghigne Agsipythe %&gﬂélidﬁ?efiswe%fa g $2P POV RYeEh e BV RO 2560, bet ween
the MOV NG, Ak dt40 pSididn 361 istrBiRdip@d ér6atP@Flhidiered Alring MStubtidn Bdising theo create a
fluidic seal during actuation by using the surface tension of the ink.

The nozzl esuEasdmsineEthedtk- and 500, and correspondi ng printheads, my be

construct ed usi g s AmbINVEMD 4t G0E I6€ SorieBpoating pAhtheds)snagbaner to those
descri bed above. In all cases the roof of the nozzle chanb&%r%criég%)vi ng or

ot her wi se)consrucisd wepe pytable NE3 proressss inyar WaloseHs Mappes to Base tabl e

sacrifi ci alpoPhI@t AT &3dsthe BD6BITHR Hdzzle chamber (RRVRE b Hiflerde) i Gorhegby e 34, it
will be seen that the nozz|le assenbly 4Qg, :PSVI ou,slsyﬁor&gvm in Figure 27 now
¥ tacy ?‘5 ¢

has an adddeppsiinm of pg9af masriakRpin 1wl proreyigt escribed in detail
above) coated ORefthife he¥Pfo FidunCIHWngbdxabdxhitie: dvRME REenttlP40Bpbvidustlyi C

portions 461 of the roof. Inportantly, the hé%@,ophobi C ?I #grsr.b%q(jil seal s
the gap 4680ownaviigura2FrqyUias andditiopalilayergf hydro ”ag’elyw”&gl PHEFEBh as PDVB
and PFPE t i iRy cdai n hetész RN ¥iSthe bNRS 509 ah Rittottions 4d1eFehemat eri al s
have a Young's nodul us of |ess than 1000 MPa and t){lgl C

. g&.g}éoé t[he order of
about 500 WPhImpprpatlyethe hydsorbpbie polymerd OF srplsihesgn 40shopr infijgue 21 Bdhabl es t hem

to forma M%@g@@i* pms Jubh 4sPEMIBAndIERE tREIBPRNE ciREglyasw aiffifelie t ype
descri bed herein - the .
Typically, these materials have a Young’s modulus of less than 1000 MPa and typically of

the order of about 500 MPa. This characteristic is advantageous, because it enables them to

form a mechanical seal in thermal bend actuator nozzles of the type described herein — the



19 polyner stretches elastically during actuation, w thout significantly
i npedi ng the novenent of the actuator. Indeed, an elastic seal assists in
the bend actuator returning to its quiescent position, which is when drop
ej ection occurs. Mreover, with no gap between a noving roof portion 409
and a static roof portion 461, ink isigully sealed inside the nozzle
chanber 401 and cannot escape, other than via the nozzle opening 408,
during act Wrﬁe@ Btretches elastncalﬁ'y QuHing a&ﬁatﬁahgvﬁﬂlohﬂﬁgnifmmly&mﬁﬁiﬂ%m moveentwi t h a

hydr ophobi ner co 101. anal with the .noz assenbly 400,

it owill be"fé'g“ﬁr“é‘étf”éffﬁlae 1y aSBﬁxseéleaé%{?t%‘a?‘Fﬁ’gx"gﬂéB‘a BB AR PR “ﬁ@“‘ﬁ%f’?rrer 101, a
rch haEi cal poﬁﬁaﬂl vﬁafclii id \Sl;lefl(gtf)dmgéﬁﬂdbéhrf)ﬂ\mvéodaﬁweh(megabaﬁtveemhmg)a%f seaLI ing

of ink in the nozzl e chanber y ordi nary
wor kers i rPoFtAng %F‘Ejlacfmt“ﬁé‘i Hﬂ?@‘r‘g’ﬁsm@Qrf?lgtsf%%gs‘“%?uecfﬁo?dozaﬁgh P20 ons may be
nmade to thadpimRsedtapt, duRNhiOVia S nsAaRWwPeriing 408 adusipg adtfation. enbodl ments wi t hout
departing fromthe irit _or s e.in ti,o br oadl scri bed.
The present e Qﬁﬁégﬁﬁwﬁﬂﬁno ﬁ@g@F@LE%Q 8h éyg Paga eI]Cﬁga Hgfespects to
be il IhuséI rpﬁgt inmgﬁwdh ﬂl@hoizﬁsatsd’eh‘tﬁlyléme, it will®e @peécn&dlhat\bmamdhagapsabr! cat i ngha
print hea Vi opho 0 i sing the
steps of: ‘g} WHHHB agnegs F‘%F%i)?g# 'ég 8‘21’?'%‘8 Pvﬂ?%eégglegghﬁgﬁng?{]g a

plurality bl @Z&k@1ﬁ@ﬂ&@@kﬁmﬂk}ﬂﬂd with sacr|f|C|aI nater|a| and a
relatively hy ro g I|c nQz

% rface % Eé%g nql east
partial |y defi nfH§! teferesie 'i’ye‘lf ‘P?ﬂ‘nwf’%\‘ﬁré n e g?‘"[l‘?r?fﬁ V&' 8Ver of
rel ativel yanhmdmemhs&ﬁbﬁs iy b ke © ﬂmir&emtaﬂvemmaas tHoenmothe kecifiar f ace; (c)
defining a rality of nozzl penings in s nozzl e u ace by the
sub- st eps %ﬁmgTFT§“%Bﬁ6§ﬂFFW§%B Wﬁ?538§F9F‘%H§W“8W“?§F§“ B yreri ¢

mat eri al ; described. The present embodiments are, therefore, to be considered in all respects to be

illustrative and not restrictive.



(c2) patterning said photoresist mask so as to unmask said polyneric
material in a plurality of nozzle opening regions; (c3) etching said
unmasked polymeric material and said underlying nozzle surface to define
the plurality of nozzle openings; and (d) renoving said sacrificial

mat eri al and said photoresist mask bya2ashing in an oxidative plasm, said
polynmeric material being resistant to renoval by said oxidative plasm,

t hereby provagisig a printhead having a rel atively hydrophobic ink ejection
face, wherein said polyneric material is a polynerized siloxane. 2. The
met hod of claim1l1, wherein a sane gas chemstry is used to etch said

pol ymeri c fat er A alethdd df SBiictin®Z githead hivaigea hydphdtieinkejetri fafe, thé ai m 2,
wherein said q@% Cheniﬁsry caonprises 02 and a fluorine-containing conmpound.
4. The metEBOLIOMPrPehe S®ii¥rein, in said partially-fabricated printhead,
a roof of @pebvidigbpatisihafabedatddpriftpaabingtsinya plusbiyrof hozzleaharmlens or esi st
scaffold, said . nmethod. further conpr.si t he.step of .renoying, said

phot or esi s@l?egd‘éﬂ’fsﬁ‘lr ’CBL“‘ ST AR 2 e F‘V%%B’gcﬁ%@ﬁbcdmﬁe a4 " i n a roof
of each nogzh& £ Rasbatiallysdefigig Ardnledjedtiongice;partial |y by said nozzle
surface. 21 6. .The method of cl ai , erein said nozzle surface is
spaced apdPl dePPings @%QF‘F%P&?IY E’U@‘H’rpfﬁﬁf’(\;@inaré%?tfréal S?toghéa’c ozzr%%szu{ﬁtage’ chanber
extend betwp@finhgiaPluiRdly bftnoslé bpamgandaidabtylcubfate gt subBtepdidfe met hod of
claim1l, erein a roof and sidewal|s of.,each nozzl e chanber are conprised
of a ceramic nelCbrdeRpsitgaP ?tP‘é?B‘Fténﬁk?oﬁﬂff p‘ﬁwerﬂcﬁgé?{ba%’hod of claim 7,
wherein sai d rob) pfénmp Sa4WBhdiSresidt raslosts it athask sadd praymxricatatsial @et ed from

t he group CO”Pr'§ngf sil.icon oxide, silicon nitride and silicon
oxynitrid e;_)lura ity of nozzle opening regions;

(c3) etching said unmasked polymeric material and said underlying nozzle surface
to define the plurality of nozzle openings; and
(d) removing said sacrificial material and said photoresist mask by ashing in an oxidative
plasma, said polymeric material being resistant to removal by said oxidative plasma,
thereby providing a printhead having a relatively hydrophobic ink ejection face, wherein

said polymeric material is a polymerized siloxane.

2. The method of claim 1, wherein a same gas chemistry is used to etch said

polymeric material and said nozzle surface.

3. The method of claim 2, wherein said gas chemistry comprises O, and a fluorine-

containing compound.

4, The method of claim 1, wherein, in said partially-fabricated printhead, a roof of
each nozzle chamber is supported by a sacrificial photoresist scaffold, said method further

comprising the step of removing said photoresist scaffold by ashing.

5. The method of claim 1, wherein a roof of each nozzle chamber is defined at least

partially by said nozzle surface.



9. The nethod of claim1, wherein said hydrophobic polyneric material forms
a passivating surface oxide in said oxidative plasma. 10. The method of
claim9, wherein said hydrophobic polyneric material recovers its

hydr ophobi city after being subjected to said oxidative plasnma. 11. The

met hod of claim11, wherein said polynmeric material is polydinethylsiloxane
(PDVB). 12. The method of claim1, wherein at |east sone of said polyneric
material i@ UV-Thidhddldf €laintl € palhdin @il nozzle surface is spaced apart from a

substrate, such that sidewalls of each nozzle chamber extend between said nozzle surface

and said substrate.

7. The method of claim 1, wherein a roof and sidewalls of each nozzle chamber are

comprised of a ceramic material depositable by CVD.

8. The method of claim 7, wherein said roof and sidewalls are comprised of a
material selected from the group comprising: silicon oxide, silicon nitride and silicon

oxynitride.

9. The method of claim 1, wherein said hydrophobic polymeric material forms a

passivating surface oxide in said oxidative plasma.

10. The method of claim 9, wherein said hydrophobic polymeric material recovers its

hydrophobicity after being subjected to said oxidative plasma.

11. The method of claim 1, wherein said polymeric material is polydimethylsiloxane
(PDMS).
12. The method of claim 1, wherein at least some of said polymeric material is UV-

cured after deposition.



