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numbers are known.

Background of the Invention
It is well known that surfaces bond better using liquid adhesives if the surfaces are first

roughened. Surface roughening increases the surface area available for bonding to the liquid
adhesive, which significantly increases the adhesive bond strength.

Typically, surface roughening is achieved by abrading either or both of the surfaces to be
bonded. For example, simply abrading one of the surfaces with emery cloth can achieve significant
improvements in adhesive strength when compared with non-abraded surfaces.

However, when bonding microscale substrates, such as semiconductor integrated circuits
(“chips™), it is generally not desirable to abrade a surface of the substrate. Indeed, it is highly
desirable for semiconductor chips to have very smooth surfaces. Any defects on the surface of the
integrated circuit can result in crack propagation and significantly weaken the device. With a drive
towards thinner and thinner integrated circuits (e.g. less than 200 micron ICs), there is a
corresponding need to reduce surface roughness, in order to maintain acceptable mechanical
strength in devices.

With surface roughness being of primary importance, silicon wafers are typically thinned
using a two-step process. After front-end processing of the wafer, the wafer is usually first thinned
by backgrinding in a mechanical grinding tool. Examples of wafer grinding tools are the Strasbaugh
7AF and Disco DFG-841 tools. Mechanical grinding is a quick and inexpensive method of grinding
silicon. However, it also leaves a back surface having a relatively high surface roughness (e.2. Ruax
of about 150 nm). Moreover, mechanical grinding can result in defects (e.g. cracks or dislocations),
which extend up to about 20 um into the back surface of the wafer. 4

In terms of mechanical strength, surface roughness and surface defects are unacceptable in
integrated circuits. Accordingly, back-end thinning is typically completed by a technique, which
removes these defects and provides a low surface roughness. Plasma thinning is one method used
for completing wafer thinning. Typically, plasma thinning is used to remove a final 20 zm of silicon
to achieve a desired wafer thickness. Whilst plasma thinning is relatively slow, it results in an
extremely smooth back surface with virtually no surface defects. Typically, plasma thinning
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provides a maximum surface roughness (Ryy,,) of less than 1 nm. Hence, plasma thinning is a
method of choice for back-end processing in integrated circuit fabrication

Integrated circuits, such as MEMS devices, often need to be bonded to other substrates. In
the fabrication of the Applicant’s MEMS printheads, for example, printhead integrated circuits
bonded side-by-side onto a moulded ink manifold to form a printhead assembly. (For a detailed
description of the Applicant’s printhead fabrication process, see the Detailed Description below and
US Patent Application no. 10/728,970, the contents of which is incorporated herein by cross-
reference).

However, it will be appreciated that integrated circuits have contradictory requirements of
their backside surfaces. On the one hand, the backside surfaces of integrated circuits should have a
low surface roughness and be devoid of any cracks, in order to maximize their mechanical strength.
This is especially important for thin (e.g. less than 250 um integrated circuits). On the other hand,
the backside surfaces of integrated circuits often need to be suitable for bonding to other substrates
using adhesives or adhesive tape. As discussed above, adhesive strength is usually maximized by
increasing the surface roughness of a surface to be bonded, thereby maximizing contact with the
intermediate adhesive.

It would be desirable to provide an improved method of bonding substrates using adhesives,
which avoids increasing the surface roughness of the substrate. It would also be desirable to provide
a thin substrate (e.g. < 1000 micron thick substrate), which has a surface suitable for bonding using

adhesives, but maintains acceptable mechanical strength.

Summary of the Invention
In a first aspect, there is provided a method of bonding a first substrate to a second

substrate, the method comprising the steps of:

(a) providing a first substrate having a plurality of etched trenches defined in a first
bonding surface;

(b) providing a second substrate having a second bonding surface; and

(c) bonding the first bonding surface and the second bonding surface together using an
adhesive,
wherein the adhesive is received, at least partially, in the plurality of etched trenches during
bonding.
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In a second aspect, there is provided a first substrate suitable for bonding to a second
substrate using an adhesive, said first substrate having a plurality of etched trenches defined in a
first bonding surface, the etched trenches being configured for receiving the adhesive during
bonding.

In a third aspect, there is provided a bonded assembly comprising:

(a) a first substrate having a plurality of etched trenches defined in a first bonding surface;

(b) a second substrate having a second bonding surface; and

(c) an adhesive bonding the first bonding surface and the second boﬁdjng surface together,
wherein the adhesive is sandwiched between the first and second substrates, and is received in the

plurality of etched trenches.

In a fourth aspect, there is provided a printhead assembly comprising:
(a) a plurality of printhead integrated circuits, each printhead integrated circuit
comprising:
a plurality of nozzles formed on a frontside of the printhead integrated circuit;
a plurality of ink supply channels for supplying ink from a backside of the printhead
integrated circuit to the nozzles; and
a plurality of etched trenches defined in the backside; and
(b) an ink manifold having a mounting surface, the backside of each printhead
integrated circuit being bonded to the mounting surface with an adhesive,

wherein the adhesive is received, at least partially, in the plurality of etched trenches.

In a fifth aspect, there is provided a printhead integrated circuit suitable for bonding to a
mounting surface of an ink manifold using an adhesive, said printhead integrated circuit
comprising:

a plurality of nozzles formed on a frontside of the printhead integrated circuit;

a plurality of ink supply channels for supplying ink from a backside of the printhead
integrated circuit to the nozzles; and

a plurality of etched trenches defined in the backside, the etched trenches being configured

for receiving the adhesive during bonding.

Hitherto, surface roughening was the only method used for improving the surface

characteristics of substrates to be bonded. However, as explained above, surface roughening is
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undesirable in very thin substrates, such as silicon chips, having a thickness of less than1000 zm,
optionally less than 500 m or optionally less than 250 zm. Hence, the present invention provides a
method of improving adhesive-bonding in a controlled manner, which is especially suitable for use
in bonding silicon chips (e.g. MEMS chips) to other substrates. However, the invention is not
limited for use with semiconductor chips and may be used for bonding any etchable substrate (e.g.
metal substrates, silicon oxide substrates, silicon nitride substrates ezc.) where surface roughening is
undesirable.

The invention is particularly advantageous for use in fabrication of printhead chips, because
printhead chips typically have ink supply channels etched into a backside bonding surface.
Therefore, the trenches of the present invention may be etched at the same time as the ink supply
channels, without requiring any additional steps in the fabrication process.

The nature of the second substrate is not particularly limited and may be comprised of, for
example, plastics, metal, silicon, glass etc. The second substrate may, optionally, comprise the
trenches described above in connection with the first substrate.

The trenches may be dimensioned to draw in adhesive by a capillary action. The exact
dimensions required will depend on the surface tension of the adhesive. The required trench
dimensions can be readily determined by the person skilled in the art using well known equations of
capillarity. Alternatively, the trenches may be dimensioned to simply receive adhesive when the
second substrate, and the adhesive, are pressed against the first bonding surface. Typically, the
trenches have a diameter (in the case of cylindrical trenches) or a width (in the case of non-
cylindrical trenches) of less than about 10 um, optionally less than about 5 gm or optionally less
than about 3 xm.

The trenches may have any depth suitable for improving adhesion without compromising
the overall robustness of the first substrate. Optionally, the trenches are etched to depth of at least
10 pm, optionally at least 20 tm, optionally at least 30 um, or optionally at least S0 um. Typically,
the trenches have an aspect ratio of at least 3:1, at least 5:1 or at least 10:1. High aspect ratio
trenches may be readily etched by any known anisotropic etching technique (e.g. the Bosch process
described in US 5,501,893). High aspect ratios are advantageous for maximizing the available
surface area for the adhesive, without compromising on overall mechanical strength.

Typically, the first bonding surface has a maximum surface roughness (Ruax) of less than 20
nm, optionally an Ry, of less than 5 nm, or optionally an R of less than
1 nm. The present invention is particularly advantageous when used with such surfaces, because

these surfaces are usually poorly bonded using adhesives due to their exceptional smoothness.
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Alternatively, the first bonding surface may have an average surface roughness (R,) of less than 20
nm, optionally an R, of less than 5 nm, or optionally an R, of less than 1 nm.

The adhesive is typically a liquid-based adhesive, or an adhesive which becomes liquid
when heated for bonding. Optionally, the adhesive is an adhesive tape comprising an adhesive on
one or both sides. Double-sided adhesive films or tapes are well known in the semiconductor art.

Optionally, the first substrate cools during the bonding process. This is usually achieved by
heating the first substrate (which may also melt the adhesive), and then allowing it to cool whilst
bonding to the second substrate. An advantage of this option is that a partial vacuum is created in
the trenches, above the adhesive, which helps to hold the substrates together during bonding.

In a further aspect there is provided method wherein the first is substrate suitable for bonding to a
second substrate using an adhesive, said first substrate having a plurality of etched trenches defined
in a first bonding surface, the etched trenches being configured for receiving the adhesive during
bonding.

In another aspect there is provided a bonded assembly comprising:

() a first substrate having a plurality of etched trenches defined in a first bonding
surface; and .
(b) a second substrate having a second bonding surface, the second bonding surface
being bonded to the first bonding surface with an adhesive, )
wherein the adhesive is received, at least partially, in the plurality of etched trenches.

In another aspect there is provided a printhead assembly comprising:
(a) a plurality of printhead integrated circuits, each printhead integrated circuit
comprising:
a plurality of nozzles formed on a frontside of the printhead integrated circuit;
a plurality of ink supply channels for supplying ink from a backside of the printhead
integrated circuit to the nozzles; and
a plurality of etched trenches defined in the backside; and
(b) an ink manifold having a mounting surface, the backside of each printhead
integrated circuit being bonded to the mounting surface with an adhesive,
wherein the adhesive is received, at least partially, in the plurality of etched trenches.

In a further aspect there is provided a printhead integrated circuit suitable for bonding to a mounting

surface of an ink manifold using an adhesive, said printhead integrated circuit comprising:
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a plurality of nozzles formed on a frontside of the printhead integrated circuit;

a plurality of ink supply channels for supplying ink from a backside of the printhead
integrated circuit to the nozzles; and

a plurality of etched trenches defined in the backside, the etched trenches being configured

for receiving the adhesive during bonding.

In another aspect there is provided a method of bonding a first substrate to a second substrate, the
method comprising the steps of:

(a) providing a first substrate having a plurality of etched trenches defined in a first
bonding surface;

(b) providing a second substrate having a second bonding surface; and

(c) bonding the first bonding surface and the second bonding surface together using an
adhesive,
wherein the adhesive is received, at least partially, in the plurality of etched trenches during
bonding.

In another aspect there is provided a bonded assembly comprising:

(a) a first substrate having a plurality of etched trenches defined in a first bonding
surface; and ’

(b) a second substrate having a second bonding surface, the second bonding surface
being bonded to the first bonding surface with an adhesive,
wherein the adhesive is received, at least partially, in the plurality of etched trenches.

In a further aspect there is provided a method of bonding a first substrate to a second substrate
comprising the steps of:

(a) providing a first substrate having a plurality of etched trenches defined in a first
bonding surface; :

(b) providing a second substrate having a second bonding surface; and

(c) bonding the first bonding surface and the second bonding surface together using an
adhesive,
wherein the adhesive is received, at least partially, in the plurality of etched trenches during
bonding.
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In another aspect there is provided a first substrate suitable for bonding to a second substrate using
an adhesive, said first substrate having a plurality of etched trenches defined in a first bonding

surface, the etched trenches being configured for receiving the adhesive during bonding.

In a further aspect there is provided a method of bonding a first substrate to a second substrate, the
method comprising the steps of:

(a) providing a first substrate having a plurality of etched trenches defined in a first
bonding surface;

(b) providing a second substrate having a second bonding surface; and

(c) bonding the first bonding surface and the second bonding surface together using an
adhesive,
wherein the adhesive is received, at least partially, in the plurality of etched trenches during
bonding. '

In a further aspect there is provided a first substrate suitable for bonding to a second substrate using
an adhesive, said first substrate having a plurality of etched trenches defined in a first bonding
surface, the etched trenches being configured for receiving the adhesive during bonding.

In another aspect there is provided a bonded assembly comprising:

(a) a first substrate having a plurality of etched trenches defined in a first bonding
surface; and

(b) a second substrate having a second bonding surface, the second bonding surface
being bonded to the first bonding surface with an adhesive,
wherein the adhesive is received, at least partially, in the plurality of etched trenches.

In a further aspect there is provided a printhead integrated circuit suitable for bonding to a mounting
surface of an ink manifold using an adhesive, said printhead integrated circuit comprising:

a plurality of nozzles formed on a frontside of the printhead integrated circuit;

a plurality of ink supply channels for supplying ink from a backside of the printhead
integrated circuit to the nozzles; and

a plurality of etched trenches defined in the backside, the etched trenches being configured
for receiving the adhesive during bonding.
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In further aspect there is provided a method of bonding a first substrate to a second substrate, the
method comprising the steps of:

(a) providing a printhead integrated circuit according to claim 1;

(b) providing a second substrate having a second bonding surface; and

(c) bonding the first bonding surface and the second bonding surface together using an
adhesive,
wherein the adhesive is received, at least partially, in the plurality of etched trenches during
bonding.

In another aspect there is provided a first substrate suitable for bonding to a second substrate using
an adhesive, said first substrate having a plurality of etched trenches defined in a first bonding
surface, the etched trenches being configured for receiving the adhesive during bonding; and

wherein the first substrate is a printhead integrated circuit according to claim 1.

In a further aspect there is provided a bonded assembly comprising:

(a) a printhead integrated circuit according to claim 1; and

(b) a second substrate having a second bonding surface, the second bonding surface
being bonded to the first bonding surface with an adhesive,
wherein the adhesive is received, at least partially, in the plurality of etched trenches.

In another aspect there is provided a printhead assembly comprising:
(a) a plurality of printhead integrated circuits, each printhead integrated circuit
comprising:
a plurality of nozzles formed on a frontside of the printhead integrated circuit;
a plurality of ink supply channels for supplying ink from a backside of the printhead
integrated circuit to the nozzles; and
a plurality of etched trenches defined in the backside and each printhead integrated circuit
being in accordance with claim 1; and )
(b) an ink manifold having a mounting surface, the backside of each printhead
integrated circuit being bonded to the mounting surface with an adhesive,

wherein the adhesive is received, at least partially, in the plurality of etched trenches.

Brief Description of the Drawings
Fig. 1 shows a front perspective view of a printer with paper in the input tray and the

collection tray extended;
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RRCO15US RRCO16US RRCO17US RRCO18US RRCO19US Rit CO2QOUS
RRCO21US Sone applications have been listed by docket
nunbers. These will be replaced when application

nunbers are known. 5 Background of the Inven '
WRRY6OF N t hat surfaces bond better using l%g@ﬂgbhyh%mw
adhesives if the surfaces are first roughened. Surface
rougheni ng i ncreases the surfaie area avail abl e for
bonding to the |iquid adhesive,” which significantly

i ncreases the adhesive bond strength.

Typlcally surface_ roughening is achieved by abrading

ei t herFi®r2 BOFh thsr Prins Wiirqf fifed (Hthew prperty hrefipuipRy and with the
6REGIbL trayTthipked) valitRchasity @aﬂoe&pdsame sdﬂerrfoac es with

emery %gt can_achi eve. Si gﬁﬂ:ant rovenents

adhes & SSPPE R PFERIR ViEY, o fErsgernbly and cartridge

suitfrecesd thédeemyer , when bondlng nrcroscale subst r at es,

such eﬁ y nok&‘&fggléllt ?ﬁ%g %rvs% %bJ %&%&ﬁﬁ&fl&*&ioﬁ’e%fp% ition;

hi s gen eto dea's ace o
subst rEg. é shorwndéenr pefspective \mvgrﬂﬂ;e ca@sdaeam o Fgd;

sem C%Q Y ShoRs a&%ﬁﬁe&&sﬁl@é{% W&V MftﬁE@%Bge%Hﬁ BﬁﬁiE% Any
defects on the surface of the 15 integrated cifcuit

can r g7 shows a&?@éﬁ?ﬁﬁrﬁp‘agmfut@r?ﬂaﬁsadsﬁw@msmm fiig. 6;
weak errig. B ghot@ h e@lodw Vb aftﬂdﬂrmmei@aa@m@ shévi 1A @1g. ANd

thinner inte rated ss t han. 200 ]

| oy i o o st i ot et b O P

r oughriégs $0 shows mrdssrsedmonairamch}ﬁm of tizqeiaihbaizkembly ofiBigi 7; al

stren ughne

or i e hibsf ¥ ERined bbby ppe 8 o[o A WARGD ARGfoB ot a printns
nlhtﬁgrate@c@@tmeduwgasahqvmon Eige§tpihcess. After front-end
Processd ng sHdfvs b Mgk B@ berspelifre YRIASF theSiothSHddlels rvd ﬂrﬁzthead integrated
t hi nne back r|n Ing i'n a nmechanical grinding tool
EX@HBP%@“&#”WB igsgf toldi ng tool s are the St rasbaugh

TAF aml, D $6Ws dahfad&dde &0 bBhe ﬂ\»ﬁﬂ]@ﬁﬂh@éﬁte@édcﬂid EHOgniiSFid 11;
qui ck _and i.nexpensi ve net hod of ndln sr i con

Howev 5 & 9‘% $HOXP & PTRETY W TR YRE ROCE gu%ply channel shown in
Eﬁ;ajively hlgh surface roughness (e g 12 , of about

150 u gaver ., h rd ndi.n n_result. . .

dof o2 (£ EOVCh il BERoF Siox?bt, A e B 08 gl showing in

mprtimdaxammk c@@mp;rfpn suprlyingiak mmratheachi@@gr@t&d titpmity\af er .

I'n tempms BhiG@bmat 68504 ba; surface roughness and

surface fec S are Lnacceptab € inintegrated )

ci r cuiFigs 16 shewo? wirtiegl sectionakvicvepip sinalawnzee ior siestipgiika fqryise with the

eReRical 8 gﬂyscghtgt%hm gue, which renoves these defects

and pro a | ow surface roughness, Pl as hi nni_ n

o on b 0w LGt eiEBh G b g Soleat Rt i

pypecal |y, plasma thinning is used to reane a fina

tzgl EE}E{‘Of 183 shl | C Ovrt]e %%l] Sg"g‘ﬁ%‘ﬁ tl;]nlm” r?ﬁ ‘?hﬁ agzlezlzel : eﬁgalt i e\i}:eerlm the ractuatlon phase;

it refig 1'9sshowrs apermcctrverpettlyl @rmdtdactbadmwbﬂzmzm ofiFig. 16, at the

Ydehididd . e defects. Typically, plasm

%lnn?ﬁg¥d%%P§%%%q§89337PCT/AU2005/000269 4 provides a

maxi nfig ZAshevesceperspestiiinentical seation of thepozple 9EFig. s with ipkemitted;

Hence pigD} 1886w 4 JjRRl sBfiohal vidw SBihb 8fknhoA1B 6F 1€ 2607

back- end processrng inintegrated circuit fabrication

| nt egFigt Zaheyy L pFrinsetive getalagrticphiretiond visgrsof thy gazgle RERIE. 16, at the
&amﬁ@naaedﬁdnhgﬁguher substrates. In the fabrication

or | nt RS R GIaR Y QPR dficed si do. by- bi de

onto a noulded ink manifold to forma printhead
assenbly. (For a detailed description of the
Applicant's printhead fabrication process, see the
Det ai | ed Description bel ow and US Patent Application
no. 10/728,970, the contents of which is incorporated
herein by cross-reference). However, it will be
appreciated that integrated circuits have
contradictory requirements of 10 their backside

‘?é an mlgal actuation
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In a third aspect, there is provided a bonded assenbly
conpri si ng: (a) a first substrate having a
plurality of etched trenches defined in a first

bondi n surface (b) a second substrate havi

‘géé%ﬁ@ ndlng surface; and (c) an ggyggﬂwgmmmw
bondi ng the first bonding surface and the Second

bondi ng surface together, 10 erein the adhesive is
sandw ched between the first d second substrates,

and is received in the plurality of etched trenches.

132 82 u£‘£g¥?’ﬁf Fg [;ﬁ dlew( )rth%dllo%ilﬁ?fji\% 33 ng ﬂ%rl%:\%% ngg%ld movable nozzle

hams@dﬁtddmg;rCU|ts each printhead integrated circuit
15co [ a p ural.it f no zI s forned o . .
fr on{nsﬁl df ?ov{ héd pﬁfspecflﬂ 1| ht& ed Ci (;Pgw i 6 a prigthead chip
phagrratatinga mirality kf thepztly andngementsof fhetyps sh@prlnyn Flg libnk
from B % %Q@gﬁémgub Gro&[skafoﬁﬁ %w‘ ﬂn{g@%r lfep&lf'a smtgf% nozzle

z etc trenc

t he noz ural i
derinjecsias ink of h@bb@é%@méeatﬁﬁ%w(awtaﬂmen k mani f ol d

havi ngiga JMRUSSTWhow wefw&@opeﬁh&ab@ﬁlsfpleasfaqﬁerﬁa%nd actuator;
printhead integrated circuit being bonded to the

mount Fsg?iPYSEbrefdimensioral et a\ﬁelglmﬁtéwlﬁ fgngement constructed
aﬁi&&daaeewshmgm;atﬁd at least partially, in the

Pt peaFie! 4 B ey ot SRR S eppements ooy Bigr 28 o0

circuit suitable for bonding to a 25 mounting surface

ﬁetaﬁéh ﬁé@&!ﬁﬁﬂbga‘l :gcim lgg fad hesi ve, said printhead
integrated clrca a plurality of nozzles
f or med seasifis formpfithy @@n@m ig @@rqbpd brlavein thejcontery phfabripating a printhead

QésExﬁMS' for an mk_]et Iﬁmfblr Weoetel Yt v@jjl bk ngkpr&:ﬂﬁ@ i ﬁf‘ ﬁﬁ&ﬁi’o§ mhPbe used in
i nt head

suppl ylggﬁt from a backsi d gm

CoRmEgiPm VRl bending gy WP@H‘{SE%@S&%%EEGF@@,C“ 305! liniter fq the specific
efbalimdaest pribgesitasicsthi ned i n t he backsi de, the etched
trenches being configured for receiving the adhesive

duri ng bondi ng. Hi t herto, surface rougheni ng was

ket Boidtey Umitt hod used f or |nprOV|ng the surface
h .
char ag 1%6‘].r §h§5v§ & erér uﬁﬁ"? 4:13)0 aEn%ﬁlg Eu}ﬁ g \(J/%@n\’\ﬁ}fl?orrts and supplies

as expfrained a ove, sur

m@eﬁ@%b%mwymm&m‘w@m n@texi qasipgy \Printed sheets of

tH3iiR 8 SARSE £ B pnﬁt%Bn@t% a%édia(b‘aﬂ)upﬂyﬁsfor d3BYd:iBEl Gser interface 5 is an
thickness of |eSs thanl 000 pm optionally less than

EBB ok dreep prd wabies wswé%@n?ﬂéh? opeationAf the@eter uof Re

|m(r]I ES eFig. 2 %Mﬁ!ﬂtﬁe(liﬂ Tt @hel pfﬂxﬁ?r &?nlrmgﬂbado a{podert\l;\ﬂ’}l pmrt] Biine 1 positioned in
eSI e on contro e | C

RS Pkt BeshsfioR oL iages S Holg it f10 o, o, ot shown for

élembg) anlfEe&sls dhdipidyal tsioeetst thahe iy sngiaé @ s . Thelgpuiay eniginet héncludes media
. ) ) e :

A 8 02l i 36 A By SRR NS et
baloyotferarintifgand subseapent delivery ta the @sdla Qutmt ot Ghdvagetracted).
substrates, silicon nitride substrates etc.) where

surface roughening i s undesirable. The i nvention
cularly advantageous for use in fabrication of

pri nt1Rasint Bigh 1 HEERHSE dBlail it PRAG £4i4PHd RO tWo main parts: a
havaﬁlnk @u?plé hannﬁls etched into a backside
td tF erefore, the trenches of the
pr eserm dam@atunﬁrmriayhdpei aidcdied tatbe tréteivabwithih itheecradle unit 12 and
%g%ﬁ 1|n Bosﬁtfo%%ly)é chbe? er;%enlﬁ WI t h g ;étt? %hﬁ 4 p(rﬂ(r% Ig‘lglg S‘ﬂx%y[:ﬁgle unit 12 is in furn
erafignral tobe fited vs@mdmrg@bmtrm daciliaterintipgastdiscussedrabgve.
limted and may be conprised of, for exanple,
plastics, nmetal, silicon, glass etc. The second
substrate may, optionally, conprise the trenches
descri bed above in connection with the first
substrate. 15The trenches may be di nensioned to draw
i n adhesive by a capillary action. The exact
di mensions required will depend on the surface tension
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these surfaces are usually poorly bonded using

adhesi ves due to their exceptional snoothness. WO

2006/ 089337PCT/ AU2005/ 000269 7 Alternatively, the

first bondi ng surface may have an average su

’Wgﬁﬁé@&’ﬁb) of less than 20 urn, optionally géﬂégﬂ%%&mm”
|l ess than 5 urn, or optionally an Ra of less than 1

urn. The adhesive is tyﬂgcally a |liquid-based
adhesi ve, or an adhesive whi ch“becones |iquid when
heated for bonding. Optionally, the adhesive is an

adhesiyve tape conprising .an adhesive on_5one or both )

2 dos P BV £ ot eSO o ST o pih SETHP g pecured n the
kargilorunit 12 tixbcos@assemblgl UL tlosed aTlie print engine Opéritdiyarktions adpbies associated
oL RR, 690 LSRG OB E0r AL 8585 Mo s
(inghide rapspgrting the medik past the prindhred inacdontrallad metyen arsl| thanshtrgled ejection
| 3¢ ik Qnto PR suddlle LoBihe PROSH G O the second substrate. An
advantage of this option i1s that a partial vacuumis

created in the trenches, above the adhesive, which
etu@ithol d t he substrates together during bonding.

10I'n further aspect there i s provided nethod wherein
the fi %Pﬁ'@g%%‘sﬁ’rléfbé’wgd? g%iﬂf i Higsr > pRrRyi Wijthrefergnee to the exploded
SOsTFis 6D the rcardtritigel ahin ) geferallih@mbiMe of SMmbid bbly 30, an ink storage module

subsir at e hayi a plurality.of etched, trenches

SRR AL it ke onBly 45 Bod o leelinafic Sl 8 1

t r encech ¢ethesg pertvire graenaldiedf togetlree trefoun ay intégral agit edich @ombines ink
; . e r e 1 s

D eI, 1D i U mBRE St ol Bifngped el Bk che s

Siirprly seppliediigvhe-rainthess) assembliytad ferf printingh ascrequizsfné should there be a need

defepRackithr @ vbihlcFihedBNdbig o W FafeaddRfimbly, this can be readily done by
g%% a second substratg havi ng a second bondi ng
aeing the eptirg cazidggmpitindi ng surface being bonded to

t he f Howévehaldopagtitgilife € the Brifithead s Al ligsted By thé Qudpdy sfiifik. The top

t he adhesi,ve is.receiyed, .at.|egst riially, in.the .

SiHee P i ealiBad SR 3R et BTl ek it foBl iy of ik 10
ireplepisly the dadsterager movulve 4T whenstepdsbayy. chnforthey ientgnd the life of the printhead,
. | AL int ' e ' It ch.

(R ol o (ks 30 SR R BREREALE bl b3 B BRY Hies anc
aoisteaythe prénthesd.med on a frontside of the printhead
integrated circuit; a plurality of ink supply

chapnel s f supplying ink froma backside of the
ﬁﬂﬁ¥?&é¥¥ﬁiﬁegrated circuit to the nozzles; and a
pl ur afhd pintead hssdistilly 227 &8 REdWSIn GRré Beiall ih Fidshe 1B & 1 @dapted to be

and . . i nk .mani fol d hayin

e e s e BRI bR kted feiomaatiae

| nt egilat prihthend essertblyp @2 gepebadin deiprises 4rhelommatendppergmember 62 which is
f : esi .

i Wl e RN By ) ol oo 0" Pl il of -shaped s

&% eieiset frque therwpper mepberi?o cTlosaReyhavghibe Q%#Smgvi@dén the rigid

Platd" 32! dnll YoelIme QBB Sy 104 RO ABwh) fofnRAlif e M@ BB 20 to secure the

printhead integrated circuit; a plurality of ink

erghisedasssiiingd s for supplying ink from a backsi de of

th el pnie:ﬁp?&a&?deﬁt:ea%asgé Itﬂﬁi'alﬁy ﬁﬁfé&d tu$ega 64 gﬁt_z &6 tieﬁéiﬁﬁi wifGhe outlets in
a e e renc erilne LN
B Bl B v e e RO 24 SO AR5 20: e ocd fubes

g beipprayideh evith dhexsér ventiflgitoi gnard aguirdi inlgleallape.anot her

aspe [ QVvi hod ondi ALr

cupst Pisrb ool bRk {IPC Rl ol BRR (e R Qg mumber
pirdvantaggss ofan be molded so that {tadoefficionti of thegnaheXpansidn (CTE) is similar to that
substrate having a plurality of etched trenches

defined in a first 10 bondi ng surface; (b)

provi ding a second substrate having a second bondi ng
surface; and (c) bonding the first bondi ng

surface and the second bondi ng surface together using

an adhesi ve, wherein the adhesive is received, at

| east partially, in the plurality of etched trenches
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(a) providing a first substrate having a plurality of
etched trenches defined in a first bondi ng surface;

(b) providing a second substrate having a second

bondi ng surface; and 30(c) bonding the first ndj
%ﬁ?%ﬁ g” ¥nd the second bondi ng surface togetﬁgﬁAﬁéﬁ%gmmw
an adhesi ve, wherein the adhesive is received, at

| east partially, in the plural,ty of etched trenches
during bonding. WO 2006/0893§9PCT/AU20051000269 9 1n
anot her aspect there is provided a first substrate

i table for bond a seco trate using,a .
P UERy o1t €l i atied Dot pp s @ ey (oo LB Iy Grthe prithead
ditedrered ¢ircain Cheiscdaidibaied) ard e xfngiaﬂsmg bmnﬁhga Qansddtisk &eextire structure to
R S5, I BEESRS A AR P Sl SE B 4% W mot
piirestiod écfppm/ig tcmopilrezdfto bzmxpmr‘fg?) aaré muStbesaerm enare thatthemold direction
%‘? fi Q?:g\?ﬁ{gcﬁigs a&%du‘eélﬁ ﬁ%ﬂ?% é&%‘!ﬁﬁ!{/a?éﬁ)@&t &*IF ﬁ{nﬂﬁéi 1Rtfe%rated circuit

i rst subs

da JCPeortes a cRativelu Mighrpi e ik 8 BORY o pisely; times that of
(-RormRIphagictt 8eh & pis@e&mat%y bisteh@ hfod) 2HT el @@%gxe&
bondi ng,surface; _and 1‘%8% bongﬁn the first égndln .
sur f ads bsth shrmdn Eiged mep B%frapge@ gUFpLipM, fpr receiving
anowd h&&bm \Wﬁl&f 1ebd$hdéchﬁera6h&6an\a&hdsi5'e fiRC6d. VBH lowaf member 65 is also

P bR P eyl B ko o7 e Pl 1AL B of e
phmclsi &lreeeivel mlsfroxs onipescif theet feedguties ¢ bugl dlﬂpbtwfldinh glotgtha length of the
?ﬁ éh‘ii as%gﬁlﬁlg Hat ﬁe%ﬁ&ﬁ&s 49 1%9&‘\9@3 4 C bfg' of tmm thick walls.

strate ving a ur al |ty 6]
def i n&uthp gmpoditeng ﬁhowenfap iR§VeE methbes 65 h@m@e@melel &7 extending along its

tdn@iMC REH cﬁﬁin@lgw CRB LR ﬁ&in bRy ofe@E ﬁlb Yi'v@ﬂeci iBes?d, r\wﬁh%dh\iﬁtum receives
durlng bon I n anot her aspect there S1E%OW

BN o8BS Sbibs ISk EesAgs PRTURS 454%?(: &y& D14 redvcetin St %ftrelxmg different
][aawraglgas pInLtrua lrdghrd, Sfhespteciimcb6talse At RSsealahd Mmartidud ik channels 67 to
1 IS on

oL halth s §s 3w lgmer e 63, iR ERGlst g the veper

hmnﬁaﬂ@ syrface belng bonded to the first bonding
surf agf M m]%@ ea%ﬂ Qﬁ%ﬁe\f 87 fu' @crn%é &e hlﬁ% Tacg@ﬁ(ﬁés\/@ (ﬁe?t seen in Fig. 9) to

recel ve al east partia ¥h
give Fiseirows @fkdies$9 u;z@e Pottom surfpce ﬁéﬁhe mé@smbqﬁ 6% e Thegniddle row of holes

BS @xtL:Ade diofy B ictReRE of AL weain@gb& l65,Cdidet1ySdbberhl Smftl%d IC 74. As

bondi ng to a nDuntlgg surface of an ink manifold
best seam é’slfl%elS ofhier BPWSoF Releebfcpnieites i eldhe middiegpy need conds 70 from
eRHB6L 59 fbghe @n@é so ik ink YarOHe 818 &Je@ﬁntﬁéhﬁ meds.on a

o o trEpoglo kol phgBa s AL FRbET el B AR tover memte

(3] (bmaapdimdrgedmg dfimtHe Phis rﬂhhe:agl tend @groadpdtic fincslich s PET or

| &s; f
BOFAGR 25! oy o i 48 2 el SOPR G BBt by AL
teotrologigs ewfl R@gersr%nmrmong Thi eolgmié¢ressiling fmr7lrig aﬂasmhtm yith adhesive
}é%%rzmtﬁﬁ&ﬁ of E&IMHZQ%A QQ&%@@ oﬂtchle '&née&hs&e*b% Ehe FWREmbmber 65. As

ere 1s prOVI ed a net hod bondi n i rst
%ﬁgf

gopas Bew ot 4 aatdé%@dwaﬂ%n B%Itqlea%are {aps drifledbrpugipidbesivedilm 71 to
Edi&x&tvﬁ&&h&fentraﬁl?}hsﬁéséﬁ/inﬁ d818red pBinis thé 2addld B g hdds®d and the ends of

or.din o.cl.aim1l; S
G peithin B o ghmSuctmpbrinin brilhed o Sy St o
bondi Tig thikieessi of the pbiginek segmglﬁhﬁ ?A‘DB ceitixdl fohls: effeciivaubss of the ink seal it
baondi n surface h u he
PROCG AT A B T 981 B RRE pAL i, BB Bpaamels 7 on
bk oevatse side of the pubtbehd 1€ S caveselichs rﬂimgm@ma dOrey. thelﬁihdr mde of the film.
anot her aspect there is provided a first substrate
suitable for bonding to a second substrate using an
adhesive, said first substrate having a plurality of
etched trenches defined in a first bondi ng surface,
the etched trenches being configured for receiving the
adhesi ve during bondi ng; and wherein the first
substrate is a printhead integrated circuit according
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(b) a second substrate having a second bondi ng

surface, the second bondi ng surface being bonded to

the first bonding surface with an adhesive, wherein
hesive is received, at |least partially

‘&Bg?(’gﬁ?ﬁ? of etched trenches. 20 In another ag’rﬂg?&?moozw

there is provided a printhead assenbly conpri sing:

(a) a plurality of printhead iytegrated circuits, each

printhead integrated circuit conprising: a plurality

of nozzles forned on a fiontside of the pri nt head

Ak 3655 b 256 B Rl BB e o s

[hei aonwa drhersbcmgn af éitn ¢hat cagstinto @ ctoh@utnzozmhse gerosg selveral of the etched
8{ gb%@' %hre%ﬂgﬁmg Shubd\f m&wemh@@mg $ifdfiting each
each prP

I nt egr rcuit e| n
af;ﬁ;]g mm:@amelsw7c|q:rvmu§_1y, thispreaches the seal and a owsag}c tey jeak out of the

g&&h&m 104 of W28 BRI SUr face, the backsi de
each printhead 30 integrated circuit behﬂ%ﬁboand f
t 0 t heo g pgeiEf WiertheBAdymitisrrlian fitw b Siopld, bodhigh eopet ferocount for
M@ it the RERINE T wikile h@Riningatht kdl byer thenetdhaé channels 77. The

Bl o LGB o Lo

VIeM/Df ampmmhbemcwmﬁhuhuthwmnxqﬁua| nput tray and the

5006, Do AR Rt Bl B0 Rgrs g WOt s laminste gpuotrer |

printder uhe ‘stiffnpssFofghe ah¢sivie layernas ﬂqg@ﬁ@t]aea‘d his bq:ip@pﬁshed into it; and,
tray gnd 4 xﬁcﬁuﬁpgftﬁé)ée!n@ﬁtﬁhﬁﬂat%ﬁeﬁ)éfﬂhﬂafn@ﬁked) with the

casin en to expose he interio
a per gp)@@/mewa eI R o al £ T i ﬂdFB“G'ﬁé?f %%1516% assembly
85 SRWA! Yionor, GRfchdinghle thitkhdss foS0PM0Gr @ 26d mxfons Will @rreshondingly

h t h dl t of Fig. 3 with th
g@%%%%ﬁ gﬁﬁag¥égfﬁ @Bgﬂggzgion;mLig. 5€sﬁgx§ra front
pers pmktdbmminlemﬂmﬁretfblﬁwd arthe ifobge surfice ofd prisithgad I8 74Fi The inlets 73
%ﬁ}s”{}o to%gsagzége %ﬁgs &3 (ﬁ%grﬁ)tenll Mg W kzv?tﬂ’re%reﬁc@ % ﬁg{ t15 'tod Z 1posmoned

ows a op perspectiveé view
tinthe jnléte t The il nas@vrﬂslwer@h@m 1G’msarisdo supply ko eagh gpfbsyery individual

ﬁﬂi’t ox pkg’ég%g}gﬂr' &ﬁé\’uﬁéts $DGidRh hr[‘fn@@ﬁgal %ﬁﬁtﬁéﬁgllfﬂ 7% Ql%‘ﬂﬂyﬁdaﬂy grouped to

ows an inverted pl oded vi ew of

tqsl@cepﬂf WPIE aanpé@sté mﬂ Wirigs eRpppLaxiYy- F’Flgey e alspiggpupedyjogifpllydo minimize

g?v%é@ u@ﬂﬁhh&%bwﬁmﬂqe@&\ynﬁingtsﬁ@d@rl nt head assenbly
of Fi

l é é ni fJ
pers p pggthw é@ﬁg fsgcp &fe{:eﬁe&?gg ggnt é:{ﬁ{a g.ggregt co?ours of ink (C, M,
m Kmnhe:mphnu Rb4lisa1280 mkl inketsipbr colboaly|veithetBess noaries being-digided into even

f)nélr 8 élg é640 e%c\}\l) ]f-EveP agd oci]d 1o! %ees}’fgv\x;e %(ﬁ E.t'e %%v%ded 8n different rows
omtheg:nattn@d IC 54 iand anetahmd wbrasalls o parform t11u¢ ggoo pi pripting, meaning that
Fd Bes 403 a‘?@a@@ﬁ% 'l Hﬂ%% Sis Qﬁaﬂ? sﬁ%ﬁ)in Itlé‘ q 1 P%@ﬁdﬂlﬁ&@ﬂl distance between

Integrated cifculit shown I n 14 shows a-

e adirsent ingzzles 8@ aw @ sipglegaw i %ﬂﬂ'%l mWOé%v Vdgfsfathe vefticak disigney between

FRRRGLZZRH RWasel Rn 'E_ﬂe%rm%%rder of the nozzles, bl Gws %me\&p&ated by an
transpar ent top V] ew O ri nﬁﬂEead ass

Yy, O
Sgen o Ao PIuE B Faftion ohaogt e EsTra 38 fofpe sthicd 56 paper i
ﬁluwabexwag rbw Krihtibse ko, nhid@ading oft e addealidadwcofl dogzles for a given

tial I t of.
g il iy BB o e e R e B s bt
n oz z | Ehef inthegddCs T4 grelarrkqged wrexigasdhavizotallyaerosyihe mdﬂ@ﬂf the printhead
b e %e%eﬁiﬁe\% anﬁsh mﬁ{nguall é)?xn'%gag"\'f(}saﬂ’ Gfd hﬁl@h together in abutting

sectional "view of e nozz 16 during a

arrdngéregnt apsast e iserfc of thp adhesive layer(7 b, as $lepvaHB figs-8 and 9. The printhead
vertical sectional view of the nozzle of Fig. 17 later

in the actuation phase; Fig. 19 shows a perspective

partial vertical sectional view of the nozzle of Fig.

16, at the actuation state shown in Fig. 18;

Fig. 20 shows a perspective vertical section of the

nozzle of Fig. 16, with ink omtted; 30Fig. 21 shows a
vertical sectional view of the of the nozzle of Fig.
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Fig. 24 shows a plan view of the nozzle of Fig. 16
with the | ever armand novabl e nozzl e renoved for
clarity; Fig. 25 shows a perspective vertica

ctional _view of a part of a printhead chip
'@ﬁ&@%ﬁ%@%%.ng a plurality of the nozzle arraﬁgg%gzoymmmw
of the type shown in Fig. 16; 5Fig. 26 shows a
schemati c cross-sectional vie hrough an i nk chanber
of a single nozzle for injecting ink of a bubble
form ng heater element actuator type. Figs 27A to 27C

he basi er at | onal ri | e t her mal
bt 0 e e ol seale A b PesipeBe b s hpting point
vofathe athesivedayegind then Iprqsﬁig tmﬁzmlﬁhaﬁdawmtor melting the adhesive layer

Cﬁx{&é} thd! fé Slrtih L ﬂse%?:gfg{?%%rslscf em 1n1 .{}ﬁ\ 3{] d Ob sgtﬂ bc2>t% heat the IC

OWs an arra &t art
FW%?aMa&tmD@hawbeGR@ES@mipﬂﬂuﬁdbﬁwaMQQQ&ﬁﬁ¢meﬁhbddeﬁmﬁhn71

A spe
PP eokliind Q9OD BA% LAY Mok f 0551 OB H T of
i pricéeag[G Tt dhese He%évseanet addaitlmal pufapppeacier the e@heelrmto bond with the

tﬁlﬁ]tﬂeﬂdfﬁﬂﬂ Oicd Y ﬁti:@ TUHEatbd abbve HOANRGHd QEiNY Sdht, the adheswe flows
rates together and is not in an

ond two subst
{9 1hF HPacest S50veR SiecBErs IC B auotrd et the i Fiszahesive may be
fdi'b)\mh inadt ﬂhé) tienchd’s oy @tcagMariction binit tmdyi sgnplyl bSpreW& ifito the trenches during

Ol Fioch e & BRFReS S da R e BB s it Ehtes e

pirdnplies 8% gtle n@hqdwn thedlacksidevpft the priditived [ 744t ére wades istagp) at the same time
PJs'tﬁ%tcﬁQ:nélQ?’?&éeQEed”Ed' a 8 are fed fromthe print

engine to a nedia output tray 4 for collection. User
i nt er flhthe penthepddq ¢ dpheatsd priosiorhending titn @rpattirlewcenny iseoreated in the

t RenEIRD 85, Gbovie 1R é&B&fv@%a@i@e&B tﬁJ‘t?enB{ek Rbieh tﬂérﬁhﬁthgad IC cools down. This
rlnter uni t open to

Fig,. K 2 shows, t he

&éﬁtﬁ%‘é@%ﬁsmtf mh°{9+P§| ﬂi‘Fé’nﬂ E?€§Pt7l4 dhRagitipn g ﬂi‘ r'th gpd maintains it
dﬁvkbyammmﬂmﬁmﬂgwmmmgnlsn19 engages the nedia in the

i nput ho rit d .feeds

ingiV| ? fé??%gh %fﬁf%g d?&"?&@“ﬁrFﬂP”manAAﬂm
dﬂgrﬂ@aumgmblﬂﬂ%&&mddﬂamﬁMamKbd%mﬁnsammmdmﬂmm&ﬂgﬁmﬂhEmnmﬂwr
as giéﬁrfr/llbcﬁxgl‘il(lg t‘ﬁ&%Q&i? %H%'éble %%%ﬁ ftc; &ggﬂng&?ate sheef f&ﬁé}%&ihs

escr | or and subsequent

deliv é'ihy prigfheaph ECaridornay belinged tozqﬂ@y inja (f&mtmﬁ wept Oae patijular manner
Réd mmgrﬂw 1@@ 743Q Iﬁb%mnﬁ w3t 1214 &mgearﬂange%mﬁh AWRCd 74 a‘i’c%h%éd at their ends

in_ Fi and consists of two nmain parts:

BT PR 1P ARSI Bt 0 3 AP Verien ofefbetwmacighboring 1Cs. A

ded B8wi i 4° edge is no
&&"’Ef”dzg paphed Mtwean ?@Wﬁﬁ’?&” 5" e f?fﬁﬁﬁzgaii t
e e B A Sl b R Do tesat R 10K T e Rfanded 15be spaced

@baud [1& mierorts apddt, npasured tperpendivolaf togthie fothidgoedpe Thithie drrangement, the left

D

Pplg’lgumt@h Olhds ariqegepentyprovideg)k degree afigviriag ofmpzaest the jbio and maintains
Wi ek 8F thé hAI9Es MQJ:LJure]tQat %%é}@ drl in@ a%ehﬁh@e?eﬁ@h&xs%ﬂﬂ} aldrfe the printing

and cover assenb cl ose print englne

ottt IS SRngrpest ésmestt%at yggeéé}carr- sarapideda deicred cﬁ‘ghe. 15 74 to ensure
SeEpioR Siakde WaEN cdd&BMf&efob&BﬁJnhﬂ tHé$i87z]ck RipBHéAEEbPthe BoPEC device

nter, unit, 2.. These aspects_include transportjng
el ey in e nm% RBBGHSFIn OF, 5t RSP e e oried in the
@ﬁﬂh&aﬁﬁormmarsﬁ) bé¢ pnﬂfoﬁpﬁ@ itierSoPBC devike, eplemdirign tﬁdﬂtérﬁgé&eqmrements

L o T —— T —
Wd of ﬂll@emé # erovides the minimux or-prifeizbad stamgmqtﬁmgentsﬁ Hotwleeer where storage
cartridge unit 10 generally consists of a nain body
20, an ink storage nodul e 10 assenbly 21, a printhead
assenbly 22 and a mai ntenance assenbly 23. Each
of these parts are assenbl ed together to form an
i ntegral unit which conbines ink storage means
together with the ink ejection neans. Such an
arrangenent ensures that the ink is directly supplied

-(‘D
'Q_
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WD 20061089337PCT/ AU20051000269 14 of silicon. It

w || be appreciated that any significant difference in
the CTE's of the printhead integrated circuit 74

di scussed bel ow) and the underlying nol di ng
‘%ﬁﬁ@ém’fsﬁg entire structure to bow. However, ggﬁ?ﬂgmﬁalogz@
of LCP in the nold direction is nuch | ess than that in
the non- nold direction (--5pp|;PC conpared to

- 20ppraPC), care nust be take 4o ensure that the nold
direction 5 of the LCP noldings is unidirectional wth

t he Ion%|tud| nal  extent qof the printhead int efgrate
CPRETGREE drejesy ariticplophapgs Sion Han & fianglgicpn, Y Yooty fghexample, the dropped
&bﬁifnﬁ}&&l&etﬂéfoﬁnﬁfd‘@ﬁéﬂoﬂs that is typicall y 5 tinmes

tS [1 ;\tr . nor g‘?#ac‘g‘é?fft e a‘ﬁﬂf%:}% xg‘,%lg% bon at e§%gr§¥ided along an

sddgs/\nherecrf vﬁu@ pr&idelammens fherixdringddatdwmd oapnmp@rnonm the@beration of the

S O ARl Loi6! ) iy Bl SREL B oty filbutuce ofhe
rnéh%typ lager 7l gmpligming the A suelotbritheylcomectin alignagthghe holes 72 formed in
m:éj&ﬁéswe){a}@; 71I ﬁhuc?aﬂ%r&ﬁa' a‘fso?:? \fl&ﬁ 'Sk %e@br@a@g of thé Idse/@gtl‘ﬁb fiducials 76

hannel recei ve ink from one of
tqrfemf téfé @mtﬂfe%aﬂeqs thetrrge Eredilyr idpmiifiable BE aprippridiediegitiening equipment to

| ietigidth®trué B&n{bhldiﬂtﬂéemdma&ﬁﬁf%ée)ét 82 neldhBousi@ M0 @hd tha k@face of the

1 | de _and .separat e 75

Pl o Bty pobiigai B et e 1B 4 qnd long g tongith of
cthnaaalh@ivs ldygr Axt endi ng along its |l ength. Each channel

67 re ink. fro nly.,o o) f.

64, Tol or er%o T cal?f% {hr gmll:ggzlfo\% tge %ges ‘;2kftc>1 eg I']TI]& %1% gglglﬁgrt s%&eigg %&n 71 and to
slismbagehqmldm theink fnlgtsBethFugderside of gach@duthead i( @4 s cofignted as shown

%@1@93 di AfGLBRL of gﬂcﬂéﬁr&%ﬂeﬁk% a}en rt)mieﬁ ma&gh channel k77 in fluid

adheswe filmo6 also acts to seal he i ndi vi dual
CRampEration vith 3 paF efesr of el $3 féq%sﬁfﬁ%?o qﬁlins@rtﬁs;oqsfpmﬂlﬁléar |°ﬁlRur or type

sza a4k, Tﬁﬂi‘chlmﬂiéﬁ 77 GRIEBGE 8BRickchs AEREOWREIEE edubraleRRo tHeR&dth of the holes 72

T RR e scuhe HE i cpmEle B350 GEBERCEL 187 b aivided o

tsébtlaﬁk bglsﬂﬁoxi wills 780 WachGéctiom ie dirély Bﬁpphd’demﬂnhlt eonreduce fledlow path to

A 2 5. Ihe.nid 9
ext en Otheg e;i:;g ogé’g afvition ¢ ogh tlﬁ&% ovver rregpg %%gregard each
dﬁq“@n:feb@ﬁ Wmﬂ‘ﬁhé2§ﬁqzzi€a‘@édlalt®lr7rﬂspeMe lstst73seen i n

Fig. 184 Exfo';v g&h%, mel;ﬁtﬁe iORd Ah&,h% chéd &smgfs 7t7 qfﬁmed in the

m ddl e r ow nee con from eac

caderside of ghe Kt 74 fok supply to) éhef wzlﬁsoﬂt hés ﬂrqwm h‘éﬁdﬁi @mwes! through the

RBefyRES eAlfh tfmn H7i dre alifhed WRB o bm@&ﬁ&els@7 Zflthé oxﬁﬁlﬂféﬁe&ﬁ% silicon wall
to t he u&@er& de_of the, | owe

|s§m@[,es aqh?xfpgl ? qn% sﬁlonsrh’flge l!gnifs %ﬁ 8‘9 xchrons in width which is
tsttefaﬁﬁan& @fetshrge Widthnof fid eimnaas 77 REH thﬁ)lfonPﬁﬂlg’m}dupﬂilﬁmﬁxkfd tivosections of

nthef f. athr such
sttsoflent 1 Sl i e s i 6 PR ot polel 2. 806 B potymer
Gatippfilat7lon. The pol yner sealing film71 is a |amnate
with ?&iﬁ% V, aJ:h%éﬁtr ai%gf %19%5 of gilec?f tRJ %rﬁxtkegffds@h t(?rghL, Wrface of the
e of e

and | am nate onto ers ower ne

r
e9ymasealing fifm 7h aflegy BCB §9 (seFignkh) 1S@tta<&le<b4lengaﬁnuef1§¢ ofthe ICs 74 so that
QSH&%? sigmalsHh8 pbP&Rn geréubﬂglfeq td %%@1?&9 85 arhash\8d Blbelrz{f@ the nozzles

0 coincide with the central di sposed i nk

8%1 i BHYWP Ao dearly freFii Ifelthe fled RCH7 9{sgiends g th prithpad assombly 22
Qiip1de hrotddth @ imehdhd SsetB)y 2DOr fl ui d communi cati on

bet we h ihthead .| C 74, a e channel s. 67 .
The. | ARCATESD I B 81 A0 R PR freApi L1 amanged long i
temth ife @bnttolling e poWéracd daresignab rakivedi Asibai siomanlin Fig. 8, the flex PCB 79
provi des As best seen in Figs. 13 and 15, the polymer
sealing filmseals the etched channels 77 on the

reverse side of the printhead I1C 74, as well as the
conduits 70 on the other side of the film WD
20061089337PCT/ A1120051000269 15 However, as the film

71 seals across the open end of the conduits 70, it

can al so bulge or sag into the conduit. The section of
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25 about 11 mcrons apart, measured perpendicular to
the joining edge. In this arrangenent, the |left nost
i nk delivery nozzles 73 on each row are dropped by 10
Line pitches and arranged in a triangle confi
‘Yﬁizg(’ﬁg’f”r’éhgerrent provides a degree of overl aﬁg{ﬁ}zbo%noz@
nozzles at the join and naintains the pitch of the
nozzles to ensure that the drags ink are delivered
consistently along the printi % zone. This arrangenent
al so ensures that nore silicon is provided at the edge
of the IC 74 to, ensure sufficien Wi | s
CHBh PO O FErviae o P s 55 Remt 6 e s and o data
bg(gn‘a]b drofsoREComthel ¢iceitry f ﬂ:télt%&dmitauerAlpﬂnrﬂhﬁof holes 80 are also formed
lescrd r th nozﬂ
ARt e, UM Al Bl b1 LGS B3 oflR¥ing s fcs POB o e
b@engdwmﬂ&mlﬁ@@fdmmg:@ plagcideni diengain hgdyti?@ s'lt‘h@rnageer_m which the electrical
ﬁ&uat BFERURx P 19 chubCAR v anltichch BiRpAPBY B cAlE it 12 will be
at t ropped triangle grrangenent of 'nozz

eddaferat one end of the I C 74 provides the m ni mum
on pr I&tsheﬁﬁmSﬁl )118.08mERAISHid1 € BR PrbRets 1He @éadwbsemefmm damage which
stora? WO 2006/ 089337PCT/ AU2005/ 000 9 17
rRAYUACFE IR £ copfagt Yidhsthe ppsing @igpia. e Bedia shigld 82¢ip affgched to the upper
t idniba) EZEuISIS&Banbef e pﬂnthéae MCe¥anplag apgroi@iatdr Dipest at"rmySment or via an

2%3‘35%’%2 %@Ph ?SlrlP ﬁ:ll%lglg%l%? e gtgad éCFI a%% Feq%vf/ @t% gﬁrgace of the media

phidkl 825oupofiie phebf tepagingmedidge t her eof whi ch provide a

; s o
gggpgtp? acd ?‘3‘ %%gﬂogigedd@&ﬁeeﬁﬂg%&}{e %tﬁtaﬁ §20angg%£ g%:r %58nd lower 65
Tepmbery Whaphp@s irecpighpragyutizee ajr Gromyan airrompressoy opiie dikee AS this space 83
%a{ete%ng thetla%mao@ th%%hmealdaays%ﬁm}bz o %,étge@ Bi Bh ﬂe@@p_?hgﬁto the space

74 such correc hol es
fS&ﬁﬁeQﬂ*P?r eeﬁ gt %ﬁﬂg&h%a%@bix bFFYf&b’ daqﬁgbu% alopgthg pssepubly. The
iRy huiifack Fihd M&liaSsticldads ﬁﬁmﬁmlhﬁsseﬂéh of e 84 whidiCdefih& a plurality of

76 in .t f k h t di | .
Rl R A5y T st St By Efolictthe compressed
jaivdtagelt andtik dirdcted @crpss Shet 15rmtheaﬁ ICs ﬁé il 18 digectivd bf thempdicdelivery. This

tag eﬁgﬂt g{lpggnrrév% d&sga%rb(?heg Fa?t{ciﬁg fr@a@t@r ci(?a%ne'd Qv@th media grom settling on

are y positione
tthveuéafg eEthe pnnthfv@d ICsewhich conldaus blndcazmd despage o tbe¢ noztles.

adhesi ve | ayer 71. In order to receive the ink
fromthe holes 72 formed in the polymer sealing film
e lesiribute the ink to the ink inlets 73, the

under gkaepl@fofe @@hoﬂaﬁu ke doztzﬁaﬂlgéﬁen@ Quithbl@ Bt @ntiRad ICs 74 will
30 D st ioes ik i Dm0 25, Aapie s Ghops o aray of ot deivery

mmﬁammmemm 804 forimed o abiticonfsubsoas 8016, Emhef the 7iGzzle arrangements 801

L L
whlos inks orefixativea lnethis regard; the nowzld atrangémentscardgtapged fprowsand are
tsQEgefé‘alvaés%&‘Fﬁl ehdﬂg)tﬂe} lhRwide clés'éxds (fqg it dd® duRRPhibiffthan would

he channel's 77 are divi i nto sections

(9 passible Fith 2\wiagle sowref noziesh Such ap prpngerieat gpkes i ppspible to provide a high

%bk@ﬁﬂ' b8dzMs! f3r &xBdkple, trforé REMSIO ‘hl%%leﬁ hreyePmlalpluraditg Jf Gtaggered TOWS
|keI|hood i nk starvatlo

s 73 and t he

g%% e e 9,1l ey 32 F‘H"r?‘ﬁ el werlesi fe d%??fiu g‘h‘t 80

fnﬁkﬁdﬁ baipeerntkié ﬁnyetcait masz Sheilziple sowdQlko Wildw fohetllindancy (if desired),
e 4 nl et shows nore clearly

ﬂmr %hwul smﬁé%??mmﬁqﬁgr ak%gdmgﬁannels 77 forned in
the underS|de of the ICs 74 for supply to the nozzles
73. As shown, holes 72 formed through the pol ymer
sealing film71 are aligned with one of the channels
77 at the point where the silicon wall 78 separates
the channel 77 into sections. The holes 72 are about
80 microns in width which is 25 substantially the sane
wi dt h of the channels 77 such that one hole 72
supplies ink to two sections of the channel 77. It
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A silicon dioxide (or alternatively glass) |ayer 8017

is positioned on the substrate 8015. The silicon

di oxi de | ayer 8017 defines CMOS dielectric |ayers.

CNVOS -level nmetal defines a pair of allgn

VXP&?H“%?F Fﬁ el ectrode contact |ayers 8030 posi ?I BaLg00g 800265
the silicon dioxide |ayer 8017. Both 10the silicon

waf er substrate 8015 and the shiicon di oxi de | ayer

8017 are etched to define an i i nl et channel 8014
having a generally circular cross section (in plan).

Qv e g ”Sa/?%ba%%ﬁévaggaﬁe@%aa%@%”ﬁ%cm#’aamqm

i I phﬂmaﬂa; thé foafe airogement B(Hydeﬁnes a in?cr@bieﬂ.ﬁonieﬂﬁmbah kystetul (MEMS).
chann 4. |ffu bat her 3.8

i nhi bleflorf% ]ty a“"f%esé}g ssofip consuwt}og (r%%c{a S o u (%E%nowe
cariatigementyB6it willdfe dpmbdiwmhee@tee@tw Bigiresl6ltadbr 8 017. 15A

passi \éﬂﬁe gtgeget ﬁ%ﬁéadllﬂeg[r&g‘d %r%m 4%01\&1 ?s?ﬁ%on Qlfafetséu{)ét&@%o I 5 having

nitri EOSIt one over um ni um cont act
| %%ﬁemlsroséiéMdﬁdo FMQS microgrocessiaglestroniesisposigioned thepegp.h

porti %mﬁéonhmed@ @ﬁ%héfﬁéulvap glh@dy8fer 86131 ﬂb@ﬁbﬁeﬂ R 8d sthé@dte 8015. The
t he contact ers 80 an, o eni

3
tHEPR ’“f*“olaﬁf Jefings %é@%s JHsemric Iﬁeggopée‘egmet%ﬁmsapw of
NiigEddelvadidiah gle:meﬁé cdifhtt lnyeed weke@osiﬁom 0% he sitibardiexide 84208017, Both

(s 8 e P U P Erask sy B s 30 oo o e

rchating] §0y4 havingn gmzaill}feumlarp@@séseqtﬂqafm plan)c iAn@lrménium diffusion barrier

CuBRorCRASH hB 1§ CMDs RISt S Pl it pione e sicen
ieRidsfiayEno oyt the wﬁlmlet chitton! £0Y4s Thi & ffsieacharmieni9as prgves taphibit the
S%antohﬁﬁdrdxﬂ%ﬂé%@u@ dMES D8Rt of the a8 Addlectréiics layer 8017,

encircling wal 8038 Eurrounds t he novabl e nozz] e, and
inclu (fe%as%"%?“a‘ﬂ’eé FPa‘ih?/ ozp gf 2 lla}’cﬁ ofggfisen pifide Soﬂhseﬁ?s?ﬁ‘éfd over the
RiQAdhiem icOntat 1aidi‘§803a&m5dh®m’boh iokidg/layet 8017. Bacitoftivg bf the basivation

80 di | 8011 f due. .
el et B n P e s B o O R e bR P et provic
st@bs to ttmoyntwe030.i p 8039 and the noving seal |[ip 8040

This gﬁ:@ X(?ZQIE ?ﬂg\}\lﬁ%&g 8o l%clﬁdgga &ﬁaﬁ%er%m%n%d\w al1 %Lnular nozzle

provi resi stance COUp I Ng

ewéhSpa, ) h {gemhinate 8 8n wnper anfl & anezzle ol P4 agpagliallxdnngrrppzle rim

S0Pt ik anﬁiagm phd; Tﬁe Bk Hid Lﬁahyel 9614mﬂ nehlcumﬁzﬁl@aash Wih the nozzle
recesses 8035 is defined in roof 8034 about the

B%heéf?qzﬁ’nﬁé@awerﬂ%é of féee%zglegfa%@ese ig disppsed amevingtisy $010, that
Rtidad a téiingf sk Tip 364(R Amtﬁlrdlmg\f/all S0R8 QEoais iE nmaaﬂe :tdzﬁe, and

| 804.
RGP P i 035 % P ot e o ot B adcent e
808G hizn801g A flgidivaea 801 ik Foshaipieetopheoiifhe tasibiofinkiamped between

S5 i B, kSR Pk
shamheyehitstproudisga lowksidase coupling betwagnrthegaeiscling well 8038 and the

380 dosPm t he nozzle walls and incorporates a
lateral stiffening beam 8022, The lever arm 8018 is

at t ac 6 8ot Sown Beig: 2312 Py olradiully ptontieg oresntdS fydsfined in the

trdmtf 8054WBbH it hbAR rind BOY, TRYcpRS8036 Sdietio @bhtAh faliglinlSAER as a result of
t he, nozz e arran as best shown in Fig. 19

gﬁﬁmfﬁmg?ﬁ% BRI7Er r@gﬁgpof t he passive beans 806 are

at t ac Maghdailowhlh&036 dortnis @irt dA3éver arrangemedittiat isanoanteditorn carrier 8036
O A8 I %ea l ﬁ{) ?ﬁt Q}aﬁ r/?h g Qafs? g(%’»z a%ao edge ?h@la?g XRB M sﬁlcon npitride.
attachnent to the actuator beamis made at a point a

small but critical distance higher than the

attachnments to the passive beam 806. As best shown in
Figs. 16 and 22, the actuator beam 807 is

substantially U shaped in plan, 10defining a current

pat h between the el ectrode 809 and an opposite

el ectrode 8041. Each of the el ectrodes 809 and 8041

are eIectrlcaIIy connected to respectlve p0|nts in the

P
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The nozzl e arrangenent 1001 is of a bubble form ng
heat er el enent actuator type which conprises a nozzle
plate 1002 with a nozzle 1003 therein, the nozzle
havi ng a nozzle rim 1004, and 20 aperture 10

V&%‘E’ﬁ@@ﬁ%} through the nozzle plate P The nozz?‘ZT%P%lﬂtose/o(m69
1002 is plasnma etched froma sili con nitride structure
whi ch is deposited, by way of ,ghem cal vapour

. deposition (CVD), over a sacrificial material which is

subsequent |y et ched. The nozzl e arrangerrent

inclu wth respect, to each noz 1003,

1006 3'ﬁ o I5HF RrRng RS ?a‘i"z'P‘é“dﬁf%\ Yerjaga é‘i}gﬁﬁf s’ "n&P?S&BZe ¢ walls
kﬁ@ﬁcﬁﬁcfr&t&&datbyl stiffeniniriehia 8¢22d Théleveramz 8088 latibched ©@Dair of passive

5a ubstrat.e 08.a
i L e R R S
tah@gfement,sas bkt showh indHig WA jnd 2. Theother bsttsmﬁﬁlepas;i\'f# lerape 806 are attached
e‘k&gr% ter el enent 1010 is suspended within the

7, so that the elenent is in the form of

suspe ﬁb@é"% amm§018 fseals giached toian achigionkasm 895 “@H%\Ahﬁf%edaﬁ"’m TiN. It

Wi B@Scltﬁq}xaf m&m%&% the )(&JaﬁﬁbéaMiB@)ad@it t4l'sehall WhYi cEifical distance
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st hnatherpftachmentsto facpasstygbeapn30p. £ ¢ om a reservoir (not
shown)As @&t oo id e e e, HORMatet Beainl307 is Imll‘tsn‘anﬁlﬂis Shgpeped in plan,

009, so that e There
00 ks IS SIRIREL £ ohd 2 ol BEL SR Shoce R mach g
riectr@les’90 ambR04§ are elaettically eonnexdedi toy gesmsti‘iremomhen the pontagf lager 8030.
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predonlnant ef fect of pressure rise in the chanb

2asimens peiggs Pﬁhwsslwe@eﬂ anti ATtERyfreqmEssReEVS Yy do ffeé?XE%m a‘ﬂlses a
%ﬁﬁg%v&ﬁm&@ﬁhe leddriaex 8018 Qd’lmbit(‘éénelrd]lﬁr thﬁﬁ\ﬂérﬁbe The movement is

| nI et pass
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towards the point of collapse 1017 causes sone ink

1011 20 to be drawn fromwi thin the nozzle 1003 (from

the sides 1018 of the drop), and sone to be drawn from
the inlet passage 1009, towards the point of coll apse.
Most of the ink 1011 drawn in this manner is drawn
fromthe nozzle 1003, forming an annular neck 1019 at

the base of the drop 1016 prlor to |ts breaklng off
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15 heater neans e.g. 509 |ocated adjacent to an end
portion of a post 510. The post 510 is fixed to a
substrate When it is desired to eject a drop

omthe nozzle chanber 501, as illustrated [
‘%9@Q¥N&Pﬁe heater neans 509 is heated so as ?g“&?%@ﬁggmw
thermal expansion. Preferably, the heater neans 509
itself or the other portions the actuator 508 are
built frommaterials having a ‘i gh bend 20 efficiency
where the bend efficiency is defined as: Young s

g/g(%g | IuS )éay roogﬁqufsf ] C%;Q;gu%%@g%r%ath%tgl &&?SI o&# causmg the ﬂemscus to
Shiil e kipwirad Eig) 13| Ifwall béd tvesdieaihe mﬁlcemmh of he ink neappkd fluid seal

npckel al.l ni ch. ca ormed .s to bend a gl ass
i 5 e i sichof S alo bR S Tafi + 'ocat o
adj acehtshowmeindtigl 1pat the mpropﬁatd: tiree, piestrivodifrers ircstoppétiand B actuator

t&gm?g%&g%ﬁéyh t)lﬁ %&c{ éo rr%f sO eaJogtr grpéauegﬂe @Lertagﬁtoaz@%gmfce its return

at s erma expanS| ons near
ploghe Wicgent@atition, which !artlg@ cayers @ Aesiaetipndf prespise indleriibambas §029. The
Ther sk ae d&ﬁ@ﬁtﬁm 2P 8 BiEn LR SROMGHet Rt suftRE %ﬁoﬂﬁ%ﬁ@ﬁb&auw

causes a eral increase in pressure ar ound
NRIRTSYE &%‘SQ%G’S P prd @openiegtcof theopals ghambes 82 cpysesthigning, and
ZMﬁﬁately briapping, 3Pthél bilEA @éniscds 6 déra b fnk Gép BEXthaticOntidikdsPhlards until
ecte out of the port 504 in addition to

’1t S%taﬁt@ ‘%J?Fe‘i‘ PO TP 30 i nk channel 503.
Subs edmewdihtyly afibrehqiacic02 dG8akhes, meniscae §03\fartos thetconcaygesh#pe shown in

If; Sl“iress S%rpaéée %rzs#o%ll“gal?s%%tﬁgé\rleﬁ%g h] hee n IQ%?&%?%%%%&IQ@QW low until ink
chea htsa suckehiwwhrgls thaough the intet, 8Q1rh wiiich ggDrns the nozzle arrangement and the ink
aQQ@@g@g§§gag;&ﬁyggpghgpg;69 24 the ink outside the

nozzle rimand the correspondi ng backflow results in
gener gothecine Ry prnbeas pezak Pﬁ@lsewt Sialpor the ppnthopg 1%74&#1 now be
PdceBansith ofetch& 1O Fights. omélagam Thre12€i6) dhdpsest ddRApiE@Be construction

5 result |n a neral iinto the
T o A A e gm0 Pk cefideiter Cs03. 1
ti me, Thbeozle mh@emhmmn& fis dF@ bublde ﬁ’oﬁﬁmg leetelr danpdnt dchmtor tyhewhich

gcgﬁlg négso 'Q nc;zzl?le Sl 8823 vé‘a% a[ ﬂo%zlgg%lj 0 2 t ggzgggg?ﬁgg ncﬂ?lé %Jnel004 and
apotinel003) pxsfndm thrmgh the nozzle plaﬁr g’I'heZIQZZIelleaesltOp%ttsa@sma gihgd froma

%fc%ﬁ’ﬁﬁ‘fdh ¥tﬁw§6&%&f is flé}gsﬂg@ %% L8y BF dnBnR8 WEJohr debbsition %@VD), over a

[ustrates sectional "view I‘OU N an array of nozzl
efﬁ?rsﬁﬁijbtﬁaé?ﬁal wmhsgubsgﬂenﬂVﬁtChWese figures, the
nunberinggozelk aﬁlu%@ﬁéﬂt SclRfe Wit Sdp¥ct Itméaﬁmauﬂ@ thoB Asdel32881006 on

ed. Firstl th ct ncl udes er

O Ao Bl i et g S0T ey e T Berogge pise 1002,
anmump@ﬁs@hass1mmmhdanm@amnmpnmuSasmhmgﬂmm@hﬁmmﬂﬁ}hﬁﬁ@dxume
f S 5 rarli 51 (}10{) éﬁovgln) é)gthte I(selt}batrﬂa:teg klRe ololgaelrd; € ongfltg Xe%r %lréérsné 10104 Qs SéJ?pended
outﬂusue qharpbqy ri Pk ed t):at tmlepenti in Ithezfem ofla s@hendcd beahaﬁ“ be pzzle

| ! whidRis formed b
Ve S0 eyt IR AR Bl vy

aplc Prasss pl ace near an end portion of the post

510. AglieR@RMbzAd drdfdetBAt N ih etk @bﬁ%@ék@ﬁ%& ah%wa; &iters the
|nterconnected 15at a bl ock whi ch

(shaRhep L7 ¢ athedpletpnassage 1099, Eﬁﬂlgﬁ hgla% é]?st Tlharpaf{eﬁ éhe heater element

QOIOJﬁhﬁfed $ér8omewhat less Tia@ 1 hﬂ@.‘b Sdcotitt 8diBat &Q%atﬂg &lih yhe form of a thermal

AT ¥ it b S healet e AR RIS 1 it bl e 1011 1

heating, the bending force exhibited along the axis of
the actuator 508 is maxim zed. Sloth are defined

bet ween adj acent tapered units 515 and al |l ow for
slight differential operation of each actuator 508

W th respect to adjacent actuators 508. 20 The bl ock
portion 519 is interconnected to an arm 520. The arm
520 is in turn connected to the paddl e 507 inside the
nozzle chanber 501 by nmeans of a slot e. - g. 522 formed
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enbodi nents thereof, various nodifications will be
apparent to and mght readily be nmade by those skilled
in the art without departing fromthe scope and spirit

of resent invention. Accordingly, it is
'Wﬂfgﬁgggl{hat the scope of the clains appendggghgygygmnw
be limted to the description as set forth herein,

but, rather, that the clains broadl y construed. 25
26" CLAIMS 1. A printhead ass ly conprising: a
printhead integrated circuit; a plurality of nozzles

E:t% %PG?QO& sfor’d?ag%vBSI egqlq%{ey’g 1?)? aF i gaglgqcsl Ient 7 a}rli@%l gfd vapor bubbles in
f ¢ ine dA dcbrdingtyl) thi ek 1011 d?bhshﬁﬂﬁﬁi albnblﬂgfoamﬁgih@m cuit for

suppl yin a ba rinthea
i nt eg?lllg ec})bgelklrotl:%lo ce gsneﬁ,] ur %I‘ mfrmse pressur eghm the chamber 1007,

awlpéhiin i ¢apses theetectivadf 4 drop d:(ﬁéspf ﬂ!eﬁnkdéld thuougtithe irazlk $008 €The rim
u .

ST AR U O b ol b

prisétepi®ad i nt egr at ed CIrCUIt towards the front side of

t he prinfta@adhd hbRH Rlyadle 6o UDH3 and &meer 1007 &9 muéﬂ isassage 1009 is

mani f ol d having a nountjng suyrface, cksjd
tRéap ?PFF??&’Q&V%V?]FQ@P‘S‘E ‘éiﬂh”&FhFEIEﬁ“tbe’o%‘?}f?Q“%cﬂ% abéﬁletnanttlﬂbo and
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P or aiTh igBese i SR Wi e Rorti | 7 RS Bty B 0 55 throuet the
alozaleh003, bubadsogiushepsorde igkrhiack theagh uhﬂinngvaaiagajl(lﬁp T I:Iqwetveh&ts inlet

l;
Fa)pra%s%%eﬁéa d]§ §;§)g£exlg#0§§1§ 2@(;}’61 ?%%Q&o% f 1&1 e| n t onlU‘aﬁRroxmately 16 microns
ria Aimesere Hesceéhws d eebstantial viepans dsrg mrn@a the pragoginant effect of the

RRdsMEse in dhe chmerm)bf% Hﬁ@l@e ﬁft%@t'mloﬁ{gh‘?ﬁe kA 1003 as an ejected drop

~ wherein the etched trenches have a dianeter or a wdth

9% Fqg}eéﬁf‘n'?a&kaﬁr%‘ﬁlfhﬁ inlet p3ssage 4d0%dhesi ve by capillary
aCt | OAs shdwn id BR. ZH, ﬂﬁidkﬂaﬁ 18565i€ Bkihy/ejéefed & shbwh durinpfetretking phase”

o TR ot R S e PHBIO A e et i size
cahdlhamhlm bvﬁuetoecoﬁapshtewaﬁs:thedomtroémﬂaw 16Eve a depth of
cI o mﬁé o@ﬁp &Qﬁubbleﬁohzng%?x% m@&&&%ﬁcﬁﬁs%qm%a& s some ink 1011

renc ave an as
rtebd dsavest froge Wiﬂ@a@he ngzzle 100P(from thegsidey e 8 9f tha titepla gnd some to be drawn

R Rbsagd ﬂjomtgwarm%ﬁhﬁ of d8afl. Q\liﬁsgoittﬁceﬁﬁ lﬂ@ﬁ drawn in this

increase the effective surface area of each

Jippes iselran frgm the gegple 3905, forming qnyaanplan neek |01 afé%%‘@ﬁ%ﬂf%eéfop 1016

Qi titslbreadifploff, N each backsi de surface has a maxi mum

surfage rou of |ess than ut 20 nm 0..

The. prFs b AL O REBETcy 5t ik oh BB P <R e Wision forcs,
aertis tokgeakioff As mkNOH isdmwx from thesinzAecdl 083 byotig tullesss ofth@bubble 1012,

e 585 SRR Ml 060 5 SR ol ot
dherdfopces tha ﬂxgm@@gtumf thee diop gs;it isteinatechyd of the gozalmis suft‘@lent to allow the

Pk tpead assenbly of claim 1, wherein each
backsi de surface has an_average surface roughness R

of | e¥den thy Aronr Bl bresks i cavitation fprsesgre caysrandetiasied i fhy arows

qbzmisalhanui;me e cBildpse acihe pintidF bidshe i 017ER wal RChofeld Etihdre are no
Thi, ¢ckn Varl ess,

s a_Tot al S atj on TV)
ST e Gy OF e bt P AR 5 G O e e an
fecwher ei n the adhesive is a | i qui d- based adhesi ve.
15. T nthea se h .
adh es?\ﬁ;t é‘g PracThPeRY eih vcg;lootZ}i gemen{nu&ablé@?{hg amllt%c-a Iacs? é”éu now be
debbnitwil wh refdrénce ﬂfegqoﬂ 2% é&d tmimﬁaﬂmmﬁd@laa inndglivery nozzle
wherein the plurality of etched trenches are provided
i nt erposed between the plurality of ink supply
channels. 17. The printhead assenbly of claim1,
wherein a plurality of etched channels is provided
i nt erposed between a pair of ink supply channels. 18.
A printhead integrated circuit conprising: a plurality
of nozzles forned on a front side of the prlnthead
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23. The printhead integrated circuit of claim 18,

wherein the etched trenches have an aspect ratio of at

Ieast 3 1. 24. The printhead integrated circuit of
wherein the etched trenches increa

‘3??%03{0?%7%7 surface area of the first bonding E&’f?‘gg"e"s’g‘_{?z“

at least 20% 25. The printhead integrated circuit of

claim 18, wherein the first bggding surface has a

maxi mum sur face roughness R | ess than about 20 nm

26. The print head integrated circuit of claim 18,

ST Paneeds RPnhy St RE At o e onmgpigd oo

peddid preiicned iwithfprtiat obainter. r"ﬂ:i.eltliermeﬂ acmlamr ded&:, is sdnated s«nsttche;aot ink

f .ogno e lFogg.lg 'c]{]aﬁxggru g’%é"ﬁ em%odlgén% %%ﬁe%a&%@%ntﬁ% DR tuator
iwhickdnclidesh seiiesef faperest potions for prvidingeandiotive hpatifg of ¢ Ponductlve trace.
R0 Shinkhr MEARERI B3R ;ﬁ&hl@%&&@&ﬁ r il EOu M GHE 3 SineHozzle

l ess than about 5 nm The printhead i1 ntegrated
Charehst- t Ths petpatoriapp Bag 2 %1% %#'@Peaﬁo Fge HrateaystaRtially gvith the surfaces of the

memaﬁdﬂaﬁzlééﬁmer%nl ess than about 5 m crons 30. The
print eadlnt ircuit of c erejin

P Lt Al FRgpeT g e 2 EHEh ibere SAa vt BB M che besic
lopdrativarof 4 huezlp hmxngémetnyofolﬁls emibodRdefrp lAynoehaétraeibar 501 8 provilbéfilled

8{1% %? L(_x):?&ngg %tl.tgidiflfr: 812’50357%10}1 can be g é:ged e%en a wa‘?ea substrate on

mé{oh@@rnoazlq)@ambqg £01] mts. §II]|19 pqaz;le@hpaﬂpn@% furthgyncludes an ink ejection port
2006608934 RO AR Q0R4(R0269 1/26 VO

2006/ 089337PCT/ AU2005/ 000269 2/ 26 WD

2006/ &89S dr pezplesbpansiU dopeddisfypgdevice 507 yhich is interconnected to an

Mr@ﬁ@ﬁﬁﬁ@@a Qi()t/%ﬁ@ Qatt B0RLRR716¢ndhber 561. 2fhe act¥dr 508 includes a

E%%g%gtg%%; 58@?:800269 gért%gl ofa\I/)\g)st 510. The post 510 is fixedto a
substrate.

When it is desired to eject a drop from the nozzle chamber 501, as illustrated in Fig. 27(b),
the heater means 509 is heated so as to undergo thermal expansion. Preferably, the heater means
509 itself or the other portions of the actuator-508 are built from materials having a high bend
efficiency where the bend efficiency is defined as:

Young's Modulus x (Coefficient of thermal Expansion)
Density x Specific Heat Capacity

bend efficiency =

A suitable material for the heater elements is a copper nickel alloy which can be formed so
as to bend a glass material.

The heater means 509 is ideally located adjacent the end portion of the post 510 such that
the effects of activation are magnified at the paddle end 507 such that small thermal expansions near
the post 510 result in large movements of the paddle end.

The heater means 509 and consequential paddle movement causes a general increase in
pressure around the ink meniscus 505 which expands, as illustrated in Fig. 27(b), in a rapid manner.
The heater current is pulsed and ink is ejected out of the port 504 in addition to flowing in from the
ink channel 503,

Subsequently, the paddle 507 is deactivated to again return to its quiescent position. The

deactivation causes a general reflow of the ink into the nozzle chamber. The forward momentum of
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the ink outside the nozzle rim and the corresponding backflow results in a general necking and
breaking off of the drop 512 which proceeds to the print media. The collapsed meniscus 505 results
in a general sucking of ink into the nozzle chamber 502 via the ink flow channel 503. In time, the
nozzle chamber 501 is refilled such that the position in Fig. 27(a) is again reached and the nozzle
chamber is subsequently ready for the ejection of another drop of ink.

Fig. 28 illustrates a side perspective view of the nozzle arrangement. Fig. 29 illustrates
sectional view through an array of nozzle arrangement of Fig. 28. In these figures, the numbering
of elements previously introduced has been retained.

Firstly, the actuator 508 includes a series of tapered actuator units e.g. 515 which comprise
an upper glass portion (amorphous silicon dioxide) 516 formed on top of a titanium nitride layer
517. Alternatively a copper nickel alloy layer (hereinafter called cupronickel) can be utilized which
will have a higher bend efficiency.

The titanium nitride layer 517 is in a tapered form and, as such, resistive heating takes place
near an end portion of the post 510. Adjacent titanium nitride/glass portions 515 are interconnected
at a block portion 519 which also provides a mechanical structural support for the actuator 508.

The heater means 509 ideally includes a plurality of the tapered actuator unit 515 which are
elongate and spaced apart such that, upon heating, the bending force exhibited along the axis of the
actuator 508 is maximized. Slots are defined between adjacent tapered units 515 and allow for
slight differential operation of each actuator 508 with respect to adjacent actuators 508.

The block portion 519 is interconnected to an arm 520. The arm 520 is in turn connected to
the paddle 507 inside the nozzle chamber 501 by means of a slot e.g. 522 formed in the side of the
nozzle chamber 501, The slot 522 is designed generally to mate with the surfaces of the arm 520 so
as to minimize opportunities for the outflow of ink around the arm 520. The ink is held generally
within the nozzle chamber 501 via surface tension effects around the slot 522.

When it is desired to actuate the arm 520, a conductive current is passed through the
titanium nitride layer 517 within the block portion 519 connecting to a lower CMOS layer 506
which provides the necessary power and conirol circuitry for the nozzle arrangement. The
conductive current results in heating of the nitride layer 517 adjacent to the post 510 which results
in a general upward bending of the arm 20 and consequential ejection of ink out of the nozzle 504.
The ejected drop is printed on a page in the usual manner for an inkjet printer as previously
described.

An array of nozzle arrangements can be formed so as to create a single printhead. For
example, in Fig. 29 there is illustrated a partly sectioned various array view which comprises multiple
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ink ejection nozzle arrangements laid out in interleaved lines so as to form a printhead array. Of
course, different types of arrays can be formulated including full color arrays etc.

The construction of the printhead system described can proceed utilizing standard MEMS
techniques through suitable modification of the steps as set out in US 6,243,113 entitled “Image
Creation Method and Apparatus (IJ 41)” to the present applicant, the contents of which are fully
incorporated by cross reference.

The integrated circuits 74 may be arranged to have 5000 to 100,000 of the above described
ink delivery nozzles arranged along its surface, depending upon the length of the integrated circuits
and the desired printing properties required. For example, for narrow media it may be possible to
only require 5000 nozzles arranged along the surface of the printhead assembly to achieve a desired
printing result, whereas for wider media a minimum of 10,000, 20,000 or 50,000 nozzles may need
to be provided along the length of the printhead assembly to achieve the desired printing result. For
full colour photo quality images on A4 or US letter sized media at or around 1600dpi, the integrated
circuits 74 may have 13824 nozzles per color. Therefore, in the case where the printhead assembly
22 is capable of printing in 4 colours (C, M, Y, K), the integrated circuits 74 may have around
53396 nozzles disposed along the surface thereof. Further, in a case where the printhead assembly
22 is capable of printing 6 printing fluids (C, M, Y, K, IR and a fixative) this may result in 82944
nozzles being provided on the surface of the integrated circuits 74. In all such arrangements, the
electronics supporting each nozzle is the same,

While the present invention has been illustrated and described with reference to exemplary
embodiments thereof, various modifications will be apparent to and might readily be made by those
skilled in the art without departing from the scope and spirit of the present invention. Accordingly,
it is not intended that the scope of the claims appended hereto be limited to the description as set
forth herein, but, rather, that the claims be broadly construed.
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CLAIMS

1. A printhead assembly comprising:

a printhead integrated circuit;

a plurality of nozzles formed on a front side of the printhead integrated circuit;

a plurality of ink supply channels formed through the printhead integrated circuit for
supplying ink from a backside of the printhead integrated circuit to the plurality of nozzles;

a plurality of etched trenches defined in the backside of the printhead integrated
circuit, each trench being extending longitudinally from the backside of the printhead
integrated circuit towards the front side of the printhead integrated circuit; and

an ink manifold having a mounting surface, the backside of the printhead integrated
circuit being bonded to the mounting surface with the adhesive, wherein

the plurality of etched trenches are provided to receive therein the adhesive.

2. The printhead assembly of claim 1, wherein each printhead integrated circuit has a

thickness of less than 250 microns.

3. The printhead assembly of claim 1, wherein the ink manifold is a molded ink

manifold formed from a polymer.

4. The printhead assembly of claim 1, wherein the etched trenches have a diameter or

a width sufficient to draw in a liquid adhesive by capillary action.

5. The printhead assembly of claim 1, wherein the etched trenches have a diameter or

a width of less than about 10 microns.

6. The printhead assembly of claim 1, wherein the etched trenches have a depth of at

least 20 microns.

7. The printhead assembly of claim 1, wherein the etched trenches have an aspect ratio

of at least 3:1.
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8. The printhead assembly of claim 1, wherein the etched trenches increase the

effective surface area of each backside surface by at least 20%.

9. The printhead assembly of claim 1, wherein each backside surface has a maximum

surface roughness Ry, of less than about 20 nm.

10. The printhead assembly of claim 1, wherein each backside surface has a maximum

surface roughness Ry, of less than about 5 nm.

11. The printhead assembly of claim 1, wherein each backside surface has an average

surface roughness R, of less than about 20 nm.

12. The printhead assembly of claim 1, wherein each backside surface has an average

surface roughness R, of less than about 5 nm.

13. The printhead assembly of claim 1, wherein each printhead integrated circuit has a

Total Thickness Variation (TTV) of less than about 5 microns.
14. The printhead assembly of claim 1, wherein the adhesive is a liquid-based adhesive.

15. The printhead assembly of claim 1, wherein the adhesive is an adhesive tape

comprising a liquid-based adhesive.

16. The printhead assembly of claim 1, wherein the plurality of etched trenches are

provided interposed between the plurality of ink supply channels.

17. The printhead assembly of claim 1, wherein a plurality of etched channels is

provided interposed between a pair of ink supply channels.

18. A printhead integrated circuit comprising:

a plurality of nozzles formed on a front side of the printhead integrated circuit;
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supplying ink from a backside of the printhead integrated circuit to the plurality of nozzles;

and
a plurality of etched trenches defined in the backside, the etched trenches

configured for receiving an adhesive therein and defined to extend longitudinally from the
backside of the printhead integrated circuit towards the front side of the printhead integrated

circuit.

19. The printhead integrated circuit of claim 18, having a thickness of less than 250

microns.

20. The printhead integrated circuit of claim 18, wherein the etched trenches have a

diameter or a width sufficient to draw in a liquid adhesive by capillary action.

21. The printhead integrated circuit of claim 18, wherein the etched trenches have a

diameter or a width of less than about 10 microns.

22. The printhead integrated circuit of claim 18, wherein the etched trenches have a

depth of at least 20 microns.

23. The printhead integrated circuit of claim 18, wherein the etched trenches have an

aspect ratio of at least 3:1.

24, The printhead integrated circuit of claim 18, wherein the etched trenches increase

the effective surface area of the first bonding surface by at least 20%.

25. The printhead integrated circuit of claim 18, wherein the first bonding surface has a

maximum surface roughness Ry of less than about 20 nm.

26. The printhead integrated circuit of claim 18, wherein the first bonding surface has a

maximum surface roughness Ry, of less than about 5 nm.

217. The printhead integrated circuit of claim 18, wherein the first bonding surface has

an average surface roughness R, of less than about 20 nm.
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28. The printhead integrated circuit of claim 18, wherein the first bonding surface has

an average surface roughness R, of less than about 5 nm.

29. The printhead integrated circuit of claim 18, having a Total Thickness Variation
(TTV) of less than about 5 microns.

30. The printhead integrated circuit of claim 18, wherein the plurality of etched trenches
are provided interposed between the plurality of ink supply channels.

31. The printhead integrated circuit of claim 18, wherein a plurality of etched trenches

are provided interposed between a pair of ink supply channels.



