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WD 2004/ 048100 PCT/ AU2003/ 001502 1 SELF- COOLI NG

THERMAL | NK JET PRI NTHEAD FIELD OF THE | NVENTI ON 5
wab@4fpssasent i nvention relates to a thermal i nRCT/aU2003/001502

printhead, to a printer system incorporating such a

printhead, and to a nethod of ejecting a liquid drop

(such as an ink drop) using such a printhead.

v B TGO LING TRERMEAL SRR SET ROV EREAD

gas or vapor Dbubbles in a bubble formng Iiquid. This

principle is generally described in US Patent No.

US3, 747,120 (Stemme). 15 There are vari ous known types
FBELDHRF i E INVENKIOMubbl ej et ) . pri nt head devices. Two

typi cal devices of this type, one nmade by Hew ett

Packard and the other by Canon, have ink ejection

Thogbas irveatiGNRIMRS afthérmal Bikij é@ﬂnﬂi@a@%&ﬁﬁﬁﬁeﬂsbﬁem
nozzl es. Each chanber is covered by a so-called

ingegpprating sugher prihead, pad te @@ﬁh@@@@ﬂ%ﬂ%h%@ eeppi (Fegly as an ink
anically secured to the walls of the
dﬁﬁgnﬁﬁé&ﬁpﬁ%ggﬁeg?n prior art devices, the top plate
20 i s made of Kapton TM which is a Dupont trade nane
) i-m de fil whi ch has been laser-drilled to
K&Bﬁﬁﬁ%ﬁ?é’éﬂ B ces al so include heater
eI enments in thermal contact with ink that is di sposed

adj acent the nozzles, for heating the ink thereby
Thepreseng invgatsorbiniblvesthie gjectien pfink dfdps bgazsaymﬂibtmfsg gas or vapor

BRI SR G IO ot JPimhs iy B Bl oS s Bent o
UBBga21b0 (Stwdhie).on to provide a useful alter natlve to

the known printheads, printer systenms, or nethods of
ej ecting drops of ink and other related |iquids,

T o B R B0 PSSR s tP P gevices. Two

tyb WDV doblo Athixoty 0, RBe ntada bl el etaBRkatd A théthienyeOkhdH) have ink

there is provided an ink jet printhead
ejection nozzles and chambers for storing ink adjacent the nozzles. Each chamber is

3

covered by a so-called nozzle plate, which is a separately fabricated item and which is
mechanically secured to the walls of the chamber. In certain prior art devices, the top plate
is made of Kapton ™ which is a Dupont trade name for a polyimide film, which has been
laser-drilled to form the nozzles. These devices also include heater elements in thermal
contact with ink that is disposed adjacent the nozzles, for heating the ink thereby forming
gas bubbles in the ink. The gas bubbles generate pressures in the ink causing ink drops to
be ejected through the nozzles.

It is an object of the present invention to provide a useful alternative to the known
printheads, printer systems, or methods of ejecting drops of ink and other related liquids,

which have advantages as described herein.



10

15

20

25

30

5 conprising: a plurality of nozzles; and at |east one
respective heater el enent corresponding to each
wmomahelomher ein the printhead is configured tPCT/8U2i103/001502
a supply of an ejectable |iquid at an anbi ent
tenperature, and wherein 10 each heater elenent is
arranged for being in thermal contact with a bubble
formng liquid, each heater elenment is configured to
heat at |east part of the bubble formng liquid to a
SUSIMARY OFETHEONVENTION | i ng point to forma gas
bubble therein thereby to cause the ejection of a
drop of the ejectable quuid through 15 the
nQz h _heat er emgnt ., i s
A§ Oﬁtﬁlgg g Qs cttqu tﬁé Jtnls{gn éor{lgt?lw 13 %r(ﬁ)u q,eg %pnnthead
coRfit sirgpel thereto to heat said part to cause the
ejection of a said drop is less than the energy
r equi Plagplithoinogeles; apdl une of said ejectable |iquid
equ
e e A e Tl Rt o Bt B porl,
s al dwhereim thgpibathedd is Aowfiguedio reeeive esampm?bfam@eziabdﬁ liquid at an
t he |nvent on there Ls provided a printer system
ambyen; ﬁ‘E}P%ﬁa“ﬁ?gaﬁ BiEfithead, the printhead conprising: a
plurality of nogghgger e%lﬁe@cffs ﬁi‘aﬂg@@%t 1ﬁ@l§d\%ﬁx Gf dobact with a
heat er el ement corresponding to €ach noz erein
the pri nthéabtbﬁosmm@dfqnlgi;red to receive a supply of an
ejectable liquid

t
wherei n each h&f gf;at%ﬁ eé?FB?R l?eg"fﬁgi”gﬁgg ge?u[(ﬁ’? leﬁg‘ R qf he bubble
thermal cRahaBliiid 1 AemPeRilre ab&emsnBilldgpsist to M@g&g bubble

heater elenment is configured to heat at |east part o

t he bubbl therefndhgiichy) ta ¢ayse thetefection efp droptafitlee @b@%ﬂée ligaid through
boi | i ng ubble therein thereby to
cause thgﬁl&mé%% $8lfrl1(ﬁ%$h§ugérigdggof the ejectable liquid

through the cechGspardémentioZonigiredndchBaPhie £h&48 1&ifdired to be

PCT/ AU2003/ 001502
applied thereto to heat said part to cause the ejection of a said drop is less

than the energy required to heat a volume of said gjectable liquid equal to
the volume of a said drop, from a temperature equal to said ambient

temperature to said boiling point.

According to a second aspect of the invention there is provided a printer system
incorporating a printhead, the printhead comprising:
a plurality of nozzles; and
at least one respective heater element corresponding to each nozzle,
wherein the printhead is configured to receive a supply of an ejectable liquid at an
ambient temperature, and wherein
each heater element is arranged for being in thermal contact with a
bubble forming liquid,
each heater element is configured to heat at least part of the bubble
forming liquid to a temperature above its boiling point to form a gas bubble
therein thereby to cause the ejection of a drop of the ejectable liquid through

the corresponding nozzle; and
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each heater elenment is configured such that the energy
required to be applied thereto to heat said part to

W@ augme4dibe ej ection of a said drop is |ess the@I/ALl2003/001502
energy required to heat a volune of said ejectable
liquid equal to the volune of a said drop, froma
tenperature equal to said anbient 5 tenperature to

nventi on 1 hor Gehderangl Lol bh uERE thg rddified obe

drop of  giplied erk@btchdat sHidl phit etasPhcrRfdedasl of 4 Sed drop is less
printhead conprising a plurality of nozzles and at
| east onethpediscneiayseqyingd & heqt arvemeefrsaiskqientahlejquie equal to

?:ggl Cloﬁé g SBJE% s os?ﬂddrSg;ﬁ;cgr% b%}gp%gtu}éqegl’uﬁftggﬁldoamblent

anbi ent tenperaire tesaid boilibgpoipt.i nt head; appl yi ng heat

energy to at | east one heater el enent correspondi ng to

a said nozzle; heating that at Ieast one heater
A&LRIRE o o Bird fBect bEMeGhvaRB P efeeti

1é) he gto %t ] ge parte o\ff a %%eg? orl(rin&pn%ﬁjlg?hasi de&ﬁ?ﬁadmpof
an @fedtatble ﬂerd’ﬁd)m(aqnm&mad,vﬂm mmﬁlea(htonimﬂsﬁtg amieraliﬁamfenbzzles and at

ater el ene to.a t eratu bov ..
1eE Bh espeEHE UL n AR o8 A b gBRGp An RS saumprising
th@wleps 8:i n the bubble formng liquid by said step of
heating; and causing a drop of the eljgect able liquid
to beceyiaeraypplyos a@me@mblermzlzi, et avambispdemberghure te the
p@ &ﬁast one heater heater elenent by said step of
generating a gas bubble, wherein 20 said applied heat

ener gpplyisg hes sndrBpid dtheseaRi@yter egtichebriedpdiis (8 a said nozzle;
vol une of said ejectable Iqu|d equal to the vol une

of shgating Ff@b at IF?‘S& ﬁveahqaéqwm thesiap ot eppbrnghestBREAY, SO as to
hetcue Qefs@% &lg]l (Elgd RRIAGs i ?1%&{1 boktet wi %h the at least one
rst 0ose s the ar he ejec

heafeddledheogﬂembnﬁtba tepperhtabd gbova E'hd bmq]mgjpcaﬁt d&h@buﬁb@a@ﬂformmg liquid;
herein, i.s caus . the nerati o bl e
' cEBRting & g pblE i he PRSPLS Faviner liquid By sieR AF Bating: and
the c%%@fﬁg BQRYp 91f thé hﬁb‘t‘aﬁﬁe@ﬁufcﬂ% tRleRS Eéﬂ%l%ugg ¥ fdzzle LBResponding

gener ated bubbl e cduses an increaSe in préssure in
todheaitledst end h@mr dheathlcmeﬁt(bw@ed stépeof gﬂn@ptmgw gasgiubbleewherein
sa%ie *l’aﬁ%xa@ BS? %ﬁezzrlgg is l&s eth%rr ﬁ?rlg%ﬁ i efrl gt ﬁ X@iloﬁgel oF said gjectable
liad b(?ﬁ toMhe Kol dfiskid df6E RIne 6 tdnhFrhtuiRbqssl 1B RMIaaHhide
ea

t he ter 30 is of brief duration, typically less
tempargture 7 sidbeilibgaeint. Due to stored heat in the Iiquid,
the bubble expands for a few nmicroseconds after the
heater pulse is turned off. As the vapor <cools, it
As Wﬁbbd&ﬁkﬁ&too& ethbid skillddnin heodrt,ehegbdtivpst.a deS}ﬁoﬁlhb lbjeetable

hqulé essgrs1bédohe?e1n OIIS gatlused by the generation of a vapor bubble in a bubble
forming liquid, which, in embodiments, is the same body of liquid as the gjectable liquid.
The generated bubble causes an increase in pressure in ejectable liquid, which forces the
drop through the relevant nozzle. The bubble is generated by Joule heating of a heater
element which is in thermal contact with the ink. The electrical pulse applied to the heater
is of brief duration, typically less than 2 microseconds. Due to stored heat in the liquid, the
bubble expands for a few microseconds after the heater pulse is turned off. As the vapor

cools, it recondenses, resulting in bubble collapse. The bubble collapses to a point



10

15

20

25

30

WD 2004/ 048100 PCT/ AU2003/ 001502 4 determ ned by the
dynam c interplay of inertia and surface tension of

W@ b@4jogda00 I n this specification, such a poi ntPCEAU2003/001502
referred to as the "point of collapse” of the bubble.
The printhead according to the invention conprises a
plurality of nozzles, as well as a 5 chanber and one

t I o.eac nozzl g.,, .
R R S SIES, SRR BB R BREPURSFE. s
speoifichifon, klich LRI Fefamet fola tIRITHoit offBsiaped BRI Bubble
referred to herein as a "unit cell". In this

speci fication, where reference is made to parts bei ng
eSS RRE n A Sh s L ol B
chahsiier anhare c!mmorehezttéleelema’fts Sorr@pbmﬁﬁgﬁb eabltl no&le M|p©rtlon of
the other part, even t ou thhe parts,

of h
ﬂl?ﬂ?@ﬁﬁ@ﬁ%@%fﬂlmﬁs it Sigle ng@zlpts 05 OF Mg floments, is
re@@%tghgﬁ;nagq«%tcgﬁe term"ink" |s used to signify
any ejectable liquid, and is not limted to 15
conventional inks containing colored dyes. Exanples of

RSP BBt A Al o e sfBCapuaet with cach

othé® Hﬁgirféa{s thhtdhélsare Podi€SncAElati G 105ack Ofh¥ecE thaANTh&one of the
on. The ink or ei ectable liquid al so need not

paisdebended, iityis papablenifheatingythe athier part, ¢versthaughathe peris, shamsslves,
r be solid at room
mf%ﬁ%ﬂgétlﬁg’h% g!)#gd%g{ at%h%?]he?ej ection tenperature.
20 In this spec:lflcatlon the term "periodic el ement”
[§ rs to, an elenment  of a type reflected in the

drrer tialp] i usrd te signiieay cioetthle b drsbrmot ionedto
COEE'\%WIF% \% gfo%cé {}Q:r | g?%ﬂbl%?gf tor2 ?161138 1nks|1nclude fixatives,

infmairyd absorheh inksf fanetiomelizenl dhemiats aalmmws ibological ﬂulds water and
scrl ed as

othejfsofi(eats & 9 ﬂﬂe?!nlg o' %Mefg%ﬁsﬁﬂwﬂé Prm5ed netecessaly be a strictly

a N&naw érﬁrrﬁé’}g&bn@ﬂn b BlspeaGHDET ot gﬁrtiéﬂa'stor 66541iP4t rom tem erature
printhead "accordi ng to an enbodi nent of the inventio

angltliquihairthe ejettion temaeratusd. oper ati on. WO 2004/ 048100
PCT/ AU2003/ 001502 5

In this specification, the term “periodic element” refers to an element of a type reflected in

the periodic table of elements.

DETAILED DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention will now be described, by way of example only,
with reference to the accompanying representations. The drawings are described as

follows.

Figure 1 is a schematic cross-sectional view through an ink chamber of a unit cell of a

printhead according to an embodiment of the invention, at a particular stage of operation.
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Figure 2 is a schematic cross-sectional view through

the ink chanber Figure 1, at another stage of
wop@ratiion. Figure 3 is a schematic cross-sectPOnaDr2003/001502

vi ew t hrough the ink chanber Figure 1, at yet 5

anot her stage of operation. Figure 4 is a schematic

cross-sectional view through the ink chanber Figure 1,

) f. operatian.. ' e 5is.a

b P b Bhes el PGl B B 1 el e Ly Bnother
stage éf gpetatibhead in accordance with the an enbodi nment

of the invention show ng the coll apse of a vapor

bubbl e. Figures 6, 8, 10, 11, 13, 14, 16, 18, 19, 21,

Figice 28 asehom R 05 SRiAEvER 1ATE BAK SRBRI YRrd Dt per
amgfthex stage of bppagtionn accordance with an enbodi nent of

the invention, at various successive stages in the
producti on process of the printhead. Figures 7, 9,
Fibdre 41a sbilem#Afd crds-seétonalViewd BrodpH thdinR ERan®RE Figure 1, at yet a
schematic plan views of a nask O suitable for use |K
fustherf gage ofppetatiopr oduct i on stage for the printhead, as
represented in the respective imedi ately preceding
figures. Figure 32 is a further schematic perspective
Figue$ Bfa dif@afiatic 6:@k3-sétkiofm] 946ve thadughhowht WMILIT a prid€head in
nozzle plate omtted. 25 Figure 33 1s a schenatic
ageardapexvith thoancambodimentpf thetinyentipn shgwiag the eollepsel of gfvagor
Byt head according to the invention having anot her
particul ar enbodi nrent of heater elenent. Figure 34 is

a schematic plan view of a nask suitable for use in

ion_ 30 stage for_the printhead

erfaorpmng.th rodu .

Fighres gl > 3b ot G orig et n Sty 26 Pkt tre SHesmesgi perspective

. . I . of .
VR0 Rl TR R Rl Y o pen Bl bl with an
embadmentod thewivergioa, dtuvatioes sysaessive stages iarthopliodestiongfrocess of the

het ter element. WO 2004/ 048100 PCT/ AU2003/ 001502 6
Prﬁ?ﬁ e 36 is a schematic plan view of a mask suitable

for use in perform ng the production stage for the

printhead of Figure 35 for formng the heater el enent
Fighees d09.. 125 15 1Ju2@ 22725,27229 and hlaresetieschtingtic plan views of a mask

s%ﬁ{)%%lc A pg 'foervn\ﬁir?é thter%)%ocyurc]:'tiz)n (s:t%};elz fof ftheFﬁrg'l reead,3 aSs r%lg]r%\s@lted in the

respective immediately preceding figures.

Figure 32 is a further schematic perspective view of the unit cell of Figure 30 shown with

the nozzle plate omitted.

Figure 33 is a schematic perspective view, partly cut away, of a unit cell of a printhead

according to the invention having another particular embodiment of heater element.

Figure 34 is a schematic plan view of a mask suitable for use in performing the production

stage for the printhead of Figure 33 for forming the heater element thereof.

Figure 35 is a schematic perspective view, partly cut away, of a unit cell of a printhead

according to the invention having a further particular embodiment of heater element.
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the nozzle plate omtted. Figure 38 is a schematic
perspective view, partly cut away, of a unit cell of a

w@eioavksaed according to the invention havi ng BCT/AD2008001502

particul ar enbodi mrent of hemter elenent. 10 Figure 39
is a schematic plan view of a mask suitable for use in
perform ng the production stage for the printhead of
Figure 38 for form ng the heater el ement thereof.
Figure 40 is a further schematic perspective view of

Figti® 3615 b s€Rhlatioblaniview of 38hasihwmbW foluselib pelfermiiag MePproduction
plate omtted. Figure 41 is a schematic section

stagerforithe painfised pEFignieddder frmingithe hedterderaent dhageafy t o
an enbodi nent of the invention show ng a suspended
beam heater elenment inmersed in a bubble form ng
FibugB7ds a Z6tHer gehematid peispaotie rikint of theahit o¢ll dfFigui@ls S5ahown with
nozzl e chamber ,of a printhead according to an
thg paerle Aeistoftedne i nventi on showi ng a suspended beam
heater el ement suspended at the top of a body of a
bubble formng liquid. 25 Figure 43 is a diagrammtic
FighmB8vis ewcleinadic paispeatiot viewd, parthyrauhaweg of acodcdl nfja ponthead
an ..enbodi rent . of, the i nvention show, ng. a nozzle.
acRPipio Ahe P8 tio hayihg Afuher RgrikmIay CapORimept Bf GFakirclent.
of unit cells of a printhead according to an
enbodi ment of the invention showing a plurality of
FigaeA9ds a sdgnriig plaa visv o§a magk sejtablenfar ige in@erfooning the production

r . nozzl ge-ch e .in rdan i th the
stk /B e shoBRATH e EURTB3be PR BB G ortey
substrate. WD 2004/ 048100 PCT/ AU2003/ 001502 7 Figure
46 is .a diagranmatic section through a nozzle chanber

Fighre0ds  datics sdhematianerspentiva vieshef tBe unih eell plliguiecy shown with
thgﬁgylggl&%&%%%r element in the formof a suspended
eam

Igure 47 is a diagranmatic section through a
nozzl e chanber of a prior art printhead 5 showi ng a
Jeater, el enent, enbedded in a sybstrate. _Figqure 48 is. a
Fighigddhragiemabicsestion RpaE Aozl ghapiher of & Rljcydpccording to an

eGSR AR S il EhiRR sh@xmh%qli SR dOd bEAAEhé AU IR immersed in a

show ng a heater el enment defining a gap between parts
bubble feeming liquid.

Figure 42 is schematic section through a nozzle chamber of a printhead according to an
embodiment of the invention showing a suspended beam heater element suspended at the

top of a body of a bubble forming liquid.

Figure 43 is a diagrammatic plan view of a unit cell of a printhead according to an

embodiment of the invention showing a nozzle.

Figure 44 is a diagrammatic plan view of a plurality of unit cells of a printhead according to

an embodiment of the invention showing a plurality of nozzles.

Figure 45 is a diagrammatic section through a nozzle chamber not in accordance with the

invention showing a heater element embedded in a substrate.



10

15

20

25

30

element. 10 Figure 49 is a diagrammtic section
t hrough a nozzl e chanber not in accordance with the

WO pwentsion, showi ng a thick nozzle plate. Fi gurer/a02G03/001502

a diagrammatic section through a nozzle chanber in
accordance with an 15 enbodi nent of the invention
showing a thin nozzle plate. Figure 51 is a

di a tic section,.through a nozzl e chanber i.n .
Pl o1 QLA i St BP Wb A Pl hgmB R B pgfiance with an
efib&ingAt dN\Re MOaktRIn Db Boate? @l catntthd forliSofth suspended beam.

di agrammati ¢ section through a nozzle chanber of a
prior art printhead show ng two heater el enents.

[.gu ] J: tic.section a. pair_ of
U By ol QOB R B i b s
stertingla heaér eddmént embsddudtih @RubsttateM ng two di fferent

nozzl es after drops 25 having different vol unes have

been ejected therethrough. Figures 54 and 55 are
R TR hAfe 2o Bk 208 B SR ol Bt an
ermbadiment dftthomgentioncshnivargwmhdater eleatentidéfarnges g oetwoen parts of the
1according to an enbodi ment of the invention. WO
clSHEA 048100 PCT/ AU2003/ 001502 8 Figure 57 is a

di agrammati c el evational view of a heater el enent,

connected to el ectrodes, of a printhead according to

FighireeAfos didingrammatic sestipmtheenghomozeleghambesndt én accordance with the
. i ¢ .expl,oded rspective view of a printhead
1n§/§11§§q¥12§h§$m§g g&l?l%f ﬂ%%ge 15ngte'accor ding to an enbodi nent of

the invention. Figure 59 is a schenmatic perspective
view the printhead nmodul e of Figure 58 shown )
Figheqd 1 adiperapymptigspction throughs nazpieshempersingecariange with an
! ’ -l ' . 1 rinthead nodul e of
erﬁl gurg é&ﬁ%ng%}tgﬁ%,fb%{shgaaoé&%%%ﬁ{éiﬂclzé%'l an view of the
printhead nodul e of Figure 58. 15 Figure 62 is a

schemati c. expl oded perspective view of a printhead |
Figpreorl ds ﬁ&lﬁ%ﬁ@ﬁaﬂ%ﬁ%am oHehgrnazgle chamber inggeordance with an

embodiment of the invention showing two heater elements.

Figure 52 is a diagrammatic section through a nozzle chamber of a prior art printhead

showing two heater elements.

Figure 53 is a diagrammatic section through a pair of adjacent unit cells of a printhead
according to an embodiment of the invention, showing two different nozzles after drops

having different volumes have been ejected therethrough.

Figures 54 and 55 are diagrammatic sections through a heater element of a prior art

printhead.

Figure 56 is a diagrammatic section through a conformally coated heater element according

to an embodiment of the invention.
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Figure 63 is a schematic further perspective view of
the printhead of Figure 62 shown unexpl oded. 20
wWO-2@unes160 i s a schematic front view of the prP@i/AB283/001502
of Figure 62. Figure 65 i3 a schematic rear view of
the printhead of Figure 62. 25 Figure 66 is a
schemati c bottom view of the printhead of Figure 62.
pl.an

Fig 7 g & §ideBrinR SraoRa o a e B i ar G Rectrodes

ofaf pﬁdﬁl@baﬂﬁbéﬂrﬂmgdo as embedithehfoffth@iiventich, but 30 shown
unexpl oded. Figure 69 is a schematic |ongitudinal

section through the printhead of Figure 62. WO
4 / [ ck
e P At sitegianbof o Shised it v Pglela e fad
ao@ﬁrdirtgeto anremﬁntiimemt oDlhEANenEoMESCRI PTION 5 In the
description than follows, correspondi ng reference
nunerals, or corresponding prefixes of reference
Qe & sbonfitiopRRpRAE Yk o finltEAE HRRGR (AFREESE shown
urkplodedent figures relate to correspondi ng parts. V%ere
there are corresponding prefixes and differing
suffixes to the reference nunerals, these indicate 10
%jxfefﬁr@%c}?e&%bfsidé V&R b WE phdlyQh sé‘&fohe@iﬁﬁé‘ ghﬂtﬂem%éme of
erview of the invention and general discussion of
FigperS8t i on Wth reference to Figures 1 to 4, the unit
cell 1 of a printhead according to an enbodi ment 15
of the invention conprises a nozzle plate 2 with
FigoR 2146 a Scidhfitieipln Vi&e of hedirhdad wiodale oTH esel ns 4,
and apertures 5 extending through the nozzle plate.
The nozzle plate 2 is plasm etched froma silicon
Fi r62q§ Stk %IWHM: r@%ct?%%?hto%q rﬁﬁle\ﬁmicc%;ding tq an
eni cal vapor posi r-a sacriticra
emipddémeretlof the iakert®nsubsequent | y et ched. 20 The
printhead al so includes, with respect to each nozzle
3, side walls 6 on which the nozzle plate is
: r
F%%’r??i@ e1§ gg%l%eglaﬁ?% gﬁs?fcgl';g r%ﬁ:vxb g%@%@oﬁggu%@ shown
unieppletiehassage 9 extendi ng t hrough the mul ti-layer
substrate to the far side

Figure 64 is a schematic front view of the printhead of Figure 62.

Figure 65 is a schematic rear view of the printhead of Figure 62.

Figure 66 is a schematic bottom view of the printhead of Figure 62.

Figure 67 is a schematic plan view of the printhead of Figure 62.

Figure 68 is a schematic perspective view of the printhead as shown in Figure 62, but

shown unexploded.

Figure 69 is a schematic longitudinal section through the printhead of Figure 62.
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(not shown) of the substrate. A |ooped, elongate

heater elenent 10 is suspended within the chanber 7,
w@ootthet10d he el enent is in the formof a suspePdEdU2003/001502

beam The printhead as showh 25 is a

m croel ect romechani cal system (MEMS) structure, which

is fornmed by a Iithographic process which is

des nor e det ai rlnthea [
iR 700 PR g S Blinteb R adifiod RS BHEERY oo
]neaﬂﬂhgr 7 via the inlet passage 9, so that t he

chanber fills to the I evel as shown in Figure 1.

Thereafter, 30 the heater elenent 10 is heated for

?fRI‘Pti? m cro second, so that the heating

:D?ggﬁﬂﬁ?LDh$orn1o gathernal pulse. It will be

appreciated that the heater elenent 10 is in thermal

con act witht ink 11 in the chanber 7 so that when
In ot SRR h?%?ﬁ@mseaoﬂetsa?rgdm&rg BRCCYEICEIh OF SPTFERORHNG

préfRRlarpUBRNES niiers (1 o SHits R ERAL B hunlolls hibfache before a

pdintbirk) whiak mguseldqm differdit dignees telste (bmsoxtdfsporﬁdingmartso Whére there
o GO RRPRAE BRIk DN ST o TRt o il dhese indicate
dibreRht §ebiR drﬁb%ulm&us:bf@h%gp&ﬂlﬂg%ﬂa.eat er elements 10.
It will be appreciated that, as the heat is applied in
the formof a pulse, all the energy necessary to
enerate,.the. bubble 12 .is to .supplied, wthi 5
OP eBieti of e infientsony Aidg epieral Al cRaoiartaf Bpamtion o: o
is shown a nask 13 for formng a heater 14 of the
print head (which heater includes the elenent 10
Withfreferende taoFighres é)to 4d11he 'rung cell L iof b @ginthehd accopding e, enaimdlment
scribed in npre det e mask 13 is u
oS R PRI O THERE SR hqzzle  Hleohat Ha%esg'f thgiern, Gincgrics paving
no@%fetrﬁné:@ 4@ SPeRted 9 ekidfdin BREuH thE B@zz% tTh%QlOZZ-HQ Blate 2 is
mask 13 " therefore provides a useful erence
plesmiacé¢tched frete atsiliopn waride stsuqiare trehi 1sﬁhposneatlawwa;mf ch@ihizal vapor

RS Gh AT R T oEn ST kel SRRl €L

10 corresponding to the parts designated 10.34 of the
mask. In operation, voltage is applied across the

The prenthesd edsotigclpdese with sespeetrie sachnozeledwsidhmsllg R ontyéidlsthe nozzle

oI UG Moy, o KRG ELOLAIRARSy HR. AR G BOJAKShee B huli-layer

subgigdts 8 and an iirdetyasssigel © d:x’&yidﬁng ehlehgﬂ’&ﬁtmulﬁ'ham sﬁlﬁ&&ﬂe}to the far side

all of th ower con in operati t he heater
(npishgpay Pﬁgiegabmaép Ch o rﬁémga??iwateﬁ clerment 10§ SPffP@nded within the
chta%Efml soRHz!Ltjﬁe elélggﬁr E?o S’F’e?susﬁ&d\é\vl] Bgﬁnﬁ h?%@#)ﬁﬁ'fﬁ@&d as shown
heat ed as descri ove r ne

is alrmng)etdo‘afoined@lrﬂcabsfystem (MEMS) structure, which is formed by a lithographic

process which is described in more detail below.

When the printhead is in use, ink 11 from a reservoir (not shown) enters the chamber 7 via
the inlet passage 9, so that the chamber fills to the level as shown in Figure 1. Thereafter,
the heater element 10 is heated for somewhat less than 1 micro second, so that the heating
is in the form of a thermal pulse. It will be appreciated that the heater element 10 is in
thermal contact with the ink 11 in the chamber 7 so that when the element is heated, this
causes the generation of vapor bubbles 12 in the ink. Accordingly, the ink 11 constitutes a
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the el enment, this bubble appearing, in the

cross-sectional view of Figure 1, as four bubble
w@ertiogs1s) one for each of the el ement porti onBCHATM3/001502

in cross section. The bubbli¢ 12, once generat ed,

causes an increase in pressure within the chanber 7,

which 25 in turn causes the ejection of a drop 16 of

bu%lﬂlee flg{'}%lﬁlé gﬁg!br ;léﬁgwgfgfl}zlte gmaé ﬁ éé)umgl% gsa%i)%txlsmatelyl

miﬁdbbmrﬂeaﬁeh geﬂéliiétﬂﬁl&)f e thechiad puldk, &Hatﬁﬁ Gﬁheﬁmhe bubbée has Just
reason that there is on% one nozzl e and chanber

nysieatedpnghe bepier-piemants 10. sl wilh he apmeclatsd b ps dhaleppbis apphed in the
fogtfl g?ﬁ%{lﬁg,o ang ger%#ﬁec%gs%gpﬁrgﬂ}g’%ﬁabggﬁﬁﬂ}g ?%%sétg Be s1f1pp11ed within

thatfshertttingd] acent charrbers and their corresponding
nozzl es. The advantages of the heater el enment 10 being
suspended rat her than being enbedded in any solid
TR &isRELM nffA39%G¢ RARHIO heater 14 of th
%EU%%S‘%F@RS?@%% 1I§| gur eg 2 and qé ﬁﬁW%t eeauefnl orte
pringlhdad Iwhichtheates umhlelssthe eldnmne i 0 sdfergektoabovg) edutriganitbégraphic

Dol B ET (hepte G FEPoAT oAl SR g0 ort the heater 14,
thé SiEdpe AR GE\AFHE P Hﬁﬁéor%(sgid)rmﬁo e §lapousiheelttndn®7a.| Thdmask 13

The shape of the bubble 12 as it 5 grows, as shown in
thetegue proyides @ ugefilbrafireras lyywhicl tonidenily vemousfparth ef the heater 14.
c h nsion_of
o 2 Y AR S0 GHL O PR 0 1518 B sk 12

andradtgeatel elehieat bwbchire@pdﬁlhﬁg)totthapartsmesigh@ted 10084 af GRrthakn In
amount of liquid has evaporated, the bubble is
onstationt Yaltagg ISoﬁwiéc% arapwsdhe gloctrodes 17 ée ease cyrrend feflaw thyough the
[
et 0 T JERTE TS gl P WATER cldbfent 10 Wit mont of the
el¢dtrical gémdtfhlee inprevidpdbg ﬁ@&leﬁneﬂt—loﬂihm neartyted] mﬂthepower consumed in
assage 9 i s _gppr.oxi ma O to 300 m cron
oneygeRie hesierid gﬂusvp%tﬁ‘%mih £Regt Ifin Giringae {igrmal puise
reﬂgngg% ghovellence there is a substantial viscous drag.
As a result, the predom nant effect of the pressure
rise in the chanber 7 is to force ink out through t he

vty Bt 13 Bt S lgaingd ey o o P e enamof

thé BRnfeht, ik Babble Spsedams) idthetersdsisebtidndl Vi8R of FUaEE $ Sds\Bur bubble
st age bf operatlon In which the ink drop 16 that is

PaskgTg oG o cach 9fdhe lemantcnortions shewn imerers s¢gtiolhase”

before the drop breaks off. At this stage, the bubble

12 has already reached its 20 maxi num si ze and has
Thdabblel) Ontoganetatalp sastompincieadelin pﬁasismrb mn}nmthlelchmber 7, which

17, as reflected _in nor tail in Fi
inturn causes the e% ection of a drop 16e ofd tﬁe {iink 11 throu the nozzle 3. The rim 4 assists

f'.'

in directing the drop 16 as it is ejected, so as to minimize the chance of a drop misdirection.

The reason that there is only one nozzle 3 and chamber 7 per inlet passage 9 is so that the
pressure wave generated within the chamber, on heating of the element 10 and forming of a

bubble 12, does not effect adjacent chambers and their corresponding nozzles.

The advantages of the heater element 10 being suspended rather than being embedded in

any solid material, is discussed below.
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The col | apsing of the bubble 12 towards the point of

col l apse 17 causes sone ink 11 to be drawn from
wawndohiossivhhe nozzle 3 (fromthe sides 18 of thePdr/ap}a03/001502

and sonme to be drawn from 125 the inlet passage 9,

towards the point of collapse. Most of the ink 11

drawn in this manner is drawn fromthe nozzle 3,

form ng an annul ar neck 19 at the base of the drop 16

prior to its breaking off. The drop 16 requires a

Figerek 2iand armuwtth@ﬁmﬂwmemtmtsac&mwm@ spésf dopetadios bPthe
forces, order to break As ink 11 i s drawn

PrteAd; Hbcaa&zzspel thatjhe pukble b2 em@e%ﬁmhwe angl lpgnce goxys, with the
B AR A4 O P 185 ol B SS SHAROAMRRICE o

grows] dsashotvhén Rigoerd, isdeérmtihal sk ®gomlsination of thed Bettatldyrsinics and
of the nozzle cie to allow the. dro
th sucface degsion g5 %@Eﬂgz@rwr%eﬂ%@eé meerzm@zjweﬁace area of
h I 14, [
o BELEE D 56 ErchlAAKP iRk o oo BN R O0F [UERR AhSorfBHE bubble i
esscntiaﬁpslesk-ah@pddhe poi nt of collapse 17. It will be
noted that there are no solid surfaces in the
vicinity of the point of collapse 17 on which the

Thicteadd 18 Pré&sire Rahen R chafbérerThot o h&Ghl11 Bt through the
process Rel evant parts of the manufacturing process

nogzise3, hrhdseipeshensamaigk bacletivauhitbniniet passageed. Ifllgwever the inlet

Pl BBy N U S I B L Gyl bl 1
midrexEsSin Seahdtan Hdneothgte i8 asubsrtsmiral Sidtusis Idedge m@ atrésan, Bd,

ng a pertion of a Menj pr.int head, at
prp&@ramﬁefofr bofdhe gressure rlrremﬁhsehre%h%ﬁ 1%)'@5@’(% énk P dhropgh the
ead
PR ENIEAEH 16, el 1h bR @B e M R
t he manufacturrng process that follows vvrII be in

| alth |
TlyGiaorbioddeith d, teweniead bbOwn i & al BspeT ireegivg stage of
opBitidnt #AQhich t}ﬁqhﬁgﬁﬁtl 6 tHﬂ' it b&iRk bRcRE VoA duRBg WCh&King

printhead i s conposed gure represents t he " next

plme’tleﬁsue\ﬂee diop fhrealisi ofth g\t ttlne stage) thiclotbbid Fghasabreatysreached its

after the S
i 506 and B BERAEL R plip SHABR APt cotiansp 12tsgeticeted
mdﬁd)féeletaﬂaﬁﬂgsjr@ss (not shown) in the region 22 in the

substrate portion 21, and the conpletion of standard

CMOS i nterconnect |ayers 23 and passivation |ayer 24.
T]?(%édéfrég%lﬂ% h%%hﬁlg ?? g%\giﬁggﬁl%gr%ﬂlt 8?9@}?&8@?1?&&%&; §oﬁ% ﬂﬂg 11 to be
drawn from within the nozzle 3 (from the sldes 18 of the drop), and some to be drawn from

the inlet passage 9, towards the point of collapse. Most of the ink 11 drawn in this manner
is drawn from the nozzle 3, forming an annular neck 19 at the base of the drop 16 prior to
its breaking off.

The drop 16 requires a certain amount of momentum to overcome surface tension forces, in
order to break off. As ink 11 is drawn from the nozzle 3 by the collapse of the bubble 12,
the diameter of the neck 19 reduces thereby reducing the amount of total surface tension
holding the drop, so that the momentum of the drop as it is ejected out of the nozzle is

sufficient to allow the drop to break off.
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circuitry (also not shown) and the heater el enment
corresponding to the nozzle. 25 Guard rings 26 are
wo oroaeeB1dn the netal lizati on of the interconnePCT/AEY®B/H01502

23 to prevent ink 11 fromidiffusing fromthe region,

desi gnated 27, where the nozzle of the unit cell 1

will be forned, through the substrate portion 21 to

the region containing the wiring 25, and corroding

the CMOS circuitry disposed in the regi on designated

Waizn tl@@drﬁb&ﬁbrd’akﬁ off] agRatddd REcek A 205l a@&bﬂh@td&fbﬁthé arrows 20, as
f abri cation Er ocess consists of etc

thscbPbble ] SpLiEes b poit sespliongye Mm@efn@m%ﬁéhere are 1o solid

B IR AR e cogonon e

effigabducti on after the etching of the |nterconnect

| ayers 23, to forman opening 30. The opening 30 is

to constitute the ink inlet passage to the chanber

i) . d later in the process. 5 Figure 10

A%‘E’Z&véd%t#é"%(e%@g production after the etching of a

hole 31 in the substrate portion 21 at a position

where the nozzle 3 is to be formed. Later in the
Relewaniaitoef the sreasicturiag pracesser apsinghepd actiording tb erpbediments of the

Rk b el e B B b BTE I 31 0 o

mﬁth the hole 31, to conplete the inlet passage to
e.chanber. Thus, the hole 32 will not have to be

Rg Eiedo digure Achreys shosm & sresoiertion dyenehrosiligon;sybstrate portion 21,
AR o R AMAR: bl B BBl e LEBEDRRNIEG s

thatebf.t Fais figyretrolateh ¢o that pnrtlom néthe priathead c@Bespointing tooa unit cell 1.

T Serrgtiy ol e e rosess tuh dofidrsavibhe pgtitiom it cel 1,
alftouble 1t%19'b%cﬁpﬁre€1%%€ttﬁe{t 11H Shadis iR v Y% ﬁlfe@% b tﬁﬂhtl%ﬁg 'oﬁ!ﬂd] acent

so as to |l eave a suitable 15 margin (i ndicated

urit ¢edlg of whidhghe whelsipnigthiead éceonyposes. But t he etchl ng of
the hole 31 fromthe top of the substrate portion 21,
and the resultant shortened depth of the hole 32,

FigeRiGrepfoaént@thle @8 siafucemsige BepAlunRe thdBahFhdturi@prob&8! affer the

substantlally hi gher packing density of nozzles can
qpRletioneot; a?c%ﬁér@@@ogM Ebgm{@nmmpﬁamlum &xpé‘@mc‘@flon of CMOS

drﬁ)&eqpéf%fsfo‘?@ o Elﬁ)rwrg tuﬁ ﬁ‘% 1‘1" QQ Q ﬁt%%h]&?ey (Ii' 52fa & the

sacri ICIa resi een epos er
caoddpletion of sltealylemi QEOS ihtesconhect ipless BM@SMO&QW& 2paWiring

1na15ca1ieH gp{ (%éé%%\ll%(s) IZﬁt ?ez;pfcrg lg Erggrgg@}e-ﬁr’g%eeraggrllsﬂtorls g.%l/de (r)thgr5 drive

circuitry (also not shown) and the heater element corresponding to the nozzle.

Guard rings 26 are formed in the metallization of the interconnect layers 23 to prevent ink
11 from diffusing from the region, designated 27, where the nozzle of the unit cell 1 will be
formed, through the substrate portion 21 to the region containing the wiring 25, and
corroding the CMOS circuitry disposed in the region designated 22.

The first stage after the completion of the CMOS fébrication process consists of etching a

portion of the passivation layer 24 to form the passivation recesses 29.
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represented by the mask shown in Figure 12) to form
recesses 36 and a slot 37. This provides for the

wo oooamision of contacts for the el ectrodes 15 oPCT/AB2003/001502
heater element to be 25 fonded later in the production
process. The slot 37 will provide, later in the
process, for the formation of the nozzle walls 6,

fo W L e f hanmber Fi e 1l
rifts Mokl AR MRl bAG, SERERE o o B ERo v .
forineanl apyeing 36, ThE opern@ S0 isitb ComMbitkth tikink alepasshgdto the chamber
heater paterjal, which, in the present enbodinent, is
that will betormed latey imfherregess.Fi gure 14 shows the stage of
production after patterning and etching of the heater
| ayer 38 to formthe heater 14, including the heater
Figheenntho$8 tlandagel cf prodmdtien dffer tMCt210104 604 84183 1 in the substrate

PCT/ AU2003/ 00150 4 Fi 16, shows .t he stage of .
DOSTBB AL BRIV st P Ll 14 P foatied dsiesan firpdesgion process
a &2 b hcg-lﬁ (IRUfehRA by MhCoash LB LB RyiA DA Ebhed ﬁ%hgt'ﬁlé g);c/ﬁée? 5128 (not

shows € stage Of production’after a secon
shefwn) o8 thersubsitate paatioh 3k tgjesnup wish dhsi Hodel3 1,Ito camplets the imlet passage

I ent.. this.| r 40 i K he first heater |ayer .
BB SRR Brsein® pp BBt vifior ki iio e AL PGS fpip gt side
oflifle bitaRratpoysont 11 1 tBeoab iRy @terdidneét IR 23, materi al
after it has been etched to form 10 the pattern as

shown, indicated by reference nuneral 41. In this

L 0 U BRSSO A B

avodditherhofadchdimnetthddyso askaovdastroy thdramsisayein 10 répeat 82, the hole 32
terial doe ssist ip reducl n%the resj stance _ of )
Wgﬁé‘ V%E’tbecf‘c‘]é? et ?ﬁtertd;%m}?@é‘f"é}’ pin i3t fegion sojag to leave a suitable

g . ¢ .
ERAL bt 988 0815 4 SRBEUAR Bl s ) AGhAQYP ot
fromdhefoprof thyr swhsteate portion 2il yadabs rekbltant shdrtemed deith of the hole 32,

el e ts 10. In.t dual .heat er. enbadi nent. il lustrated, .
oo g s et f nes il A 3y o AR B T DSl PRk fensity
ofad2eRt e4n this b&hdikved21l shows the stage of production

after a third |ayer 42, of sacrificial resist, has

been deposited. As the uppernost |level of this |ayer

W llconstiatute the inner. surface of the. nozzl e
Fillle 1 GB35 s gt Bo i MR IRt Bk IniR S sf e egrifca
resibt lidd®etrodepositaingt the 16/eb24.1Thes 1ah&i33H11sthe hleS 1|84 @owA8rms part
ofgﬂst be sufficient to allow for the fornmation of a

& sirecturs of therprimthead gThervesistdayes 3P dvithem expaspdyyith certain patterns (as
. . E oy
PR S0 e B0 B SO M B 9%
prdejdes far ¢lak; fotrhation o, contacts for the electrodes 15 of the heater element to be
formed later in the production process. The slot 37 will provide, later in the process, for the

formation of the nozzle walls 6, that will define part of the chamber 7.

Figure 13 shows the stage of production after the deposition, on the layer 35, of a 0.25
micron thick layer 38 of heater material, which, in the present embodiment, is of titanium

nitride.

Figure 14 shows the stage of production after patterning and etching of the heater layer 38

to form the heater 14, including the heater element 10 and electrodes 15.
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25 the layer which will constitute the nozzle plate 2.
I nstead of being formed from 100 mcron thick
w@edogiossioe film the nozzle plate 2 is forned BET/AU2003/001502
silicon nitride, just 2 md#ons thick. Figure 24
shows the stage of production after the chem cal vapor
deposition (CVD) of silicon nitride formng the |ayer
44, has been partly etched at the position designated
45, so 30 as to formthe outside part of the nozzle
Figiu 14, shbWk shettigel o prauictio st anetbiet godficidl #sist 1ay@B9eabout 1
26 shows the sta of production after the CVD of
migren gk, h@stl?qeaéd‘?f‘éls been etched all the way through
at 46, to conplete the formation of the nozzle rim4
and to formthe nozzle WO 2004/ 048100
FigGre/ 18RO GS HOtdge DT pldduatiar ﬁﬁﬂfra sbeordriayea O @if hedier aMEXxial has been

oSG SRre e SRR o BHE i BESEPEAIF ey 3, is o025

nﬁ&gﬂ@u&nﬁw§h§gﬁﬁgk production after a protective |ayer
48 of resist has been 5 applied. After this stage, the

substrate portlon 21 is then ground fromits other

FE SRR kR 16 A oS i e R Bl feBeR o form

thé %@ttéfh @§ Stitswn, AfcdtOERY refrerdc@maakad ane ty ﬁfﬁ@ﬂﬁstrét{bneﬂﬁg‘pattemed
the hole 32. The hole 32 is etched to a depth such

layeradoes potriaelude 2 heaterdayer slemenl Opigad in thireseaschastoiodicater
| SO .

R GRIAlG0 80 i 05 SERLRL o U] o 2 Py Pance
ofthewlectraiekil § of thedeaterl 4 ko that, lis oﬁeraﬁtﬁh hsg Eh@gjais&ioﬁsﬁned by the

Whl ch t ggt er define the chanber 7 (part of the walls
elggitpdrb W aich AP WE 8ragist ABCTahsMtuBRtion hwlﬂ therefofy gneatgpeffectiveness

a

o BBk ot S0P A SBiEt bR IBrLF g ap. o
cdriespduding 13¢er @0ales tantain iathefiteyit.e 30), define a passage

extending 15 fromthe | ower side of the substrate

portion 21 to the nozzle 3, this passage serving as

Fltgbl% 211 hbwh MeBkaRdTAAR cLiGIEAET Bl thid 888 AN S&kriFicidl Pesish has been
mber 7. Whil'e the above production process is used

dQPQSIFﬁdoAQ e unpsrrmﬁb baviehefithisdayer mall penstitute thi ins¢rowrfagerof the

ead .enbodi havi

ndgefiiifie Ao e SrRalePl afd PERE TBRETRE) B bR gurrire 5. the
héi%xt oftigsIfager BomastbeIdffionstdl td-Altbw &5 tkSfoamatiddof 4I0MbIO1 2 in the

of ink drop ejection Referring once again to Figure
regipn dleﬁgmﬁﬁf‘ﬂ 3 daning apesgiionf thespridheadoned above, is

shown with 25 part of the walls 6 and nozzle plate 2

cut - away, which reveals the interior of the chanber 7.
ngh& Beshoes thedktage af produbtivwmaftartthetvay 1ay81044 hestbebw tiéposited, that is,
the ?alty\éﬁ \?/hl% W1Hec01r1]set1%t1t%rtheerlloenFe ptlateg ?nstead of being formed from 100 micron

thick polyimide film, the nozzle plate 2 is formed of silicon nitride, just 2 microns thick.

Figure 24 shows the stage of production after the chemical vapor deposition (CVD) of
silicon nitride forming the layer 44, has been partly etched at the position designated 45, so
as to form the outside part of the nozzle rim 4, this outside part being designated 4.1

Figure 26 shows the stage of production after the CVD of silicon nitride has been etched all

the way through at 46, to complete the formation of the nozzle rim 4 and to form the nozzle
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seen. In operation, ink 11 passes through the ink

i nl et passage 9 (see Figure 28) to fill the 30 chanber
wQ@200F0e8100 vol tage is applied across the el ectrCdas2a3/001502

to establish a flow of eledfric current through the

heater el ement 10. This heats the el enent 10, as

descri bed above in relation to Figure 1, to forma

r NE [

oo BB B B A XS s b EARTRE L e pdflon dipignated 47
wikdre itd$ notesqdimd. t he heater 14, some of which are shown

in Figures 33, 35 and 37, and 38, can result in there

bei ng many variations in the ratio of length to width

: t t1h
AP e L i S PRIl of RS D e AR 38 P KB b oen
appHed) Afteythisatagesihg substatergoredif 2 issth@mgfotmad fbmdtsrdtivalside (not

resistance of the el ement 5 an fore
SHG R Bt e BiP G PO Pl 3 ORiRa! BHknes oloeuDomicrons o
ab®8f 200 BicRAWEEnOthen, tak $orR51RABRE ahRASHH HeH th8 h6leS2t MBRILGle 32 is
conponents tend to require | ower drive voltages than

etehwd|to adepthesneli thatit nwietsithe beleB1r esi st ances of drive
transistors in their "on" state. Thus, in such drive
10 transistors, for a given transistor area, there is

Theen! @8 dednicidl Qediit oeschcifitherbisClapabbj 3y 49a6d h@vi@femoved using
vol tage tol erance in each process generation. (&Jre

oxygen plasmas,ite dorppthyg @W@uresﬂh@m ip Kigush3phavith wally Gandsozgle plate 2
wgi ch go(%gﬁ%ﬁ gé%l{e th%’ gﬁﬁé@%ﬁmg E%Jalﬁ %ﬁ@ﬁ%%kﬁe:plg%_b%ih% shown cut-
awigy.dt dilhipg iyotecathat s ﬂsgsarees?.fi rerxﬁcpxreethe rdsfst ﬁﬂ'ﬁlg&hﬁh@ie 61 so that

e heat n at e od| IS no
th%sgwo bwrﬂﬁnﬁ? fg@ag% shov g A Obidefian P %&ndmg
fréérﬁ zlgét"‘l&) f]sudg Bf ?1? E%l?sgxls %r%@r{)ﬂ ﬁﬁt'gle %ﬁg%i?é 9 dtgfss:l)g%sa ge s serving as the
ink mlafpassago, gehatally Hesignatadeh tto fhe@hambeaﬂ of the

electrodes is relatively large, which, in turn,
results in there being a low electrical resistance.

wﬁne SO RS hrodhbiforBir8ER s vkld td sﬁaase%qn& 8 bbdindeh 0¥ tRe BRnthead
y the part designated 20 10 , s long and thin,

sm;wnhn Figred Qtfhrtest printhead embedinientst hawingdi cﬁnﬁbﬁrﬂterb@uﬁgres, are
sl if E e P ST TR AR PR 4B F g e 33

has a significantly smaller elenent 10 than the

el ement 10 shown in Figure 35, and has just a single
Coutiwl of inkabopiejegtipn the 25 el ement 10 of Figure 33

wi Il have a nmuch |ower electrical resistance, and wl|

permt a higher current flow, than the elenment 10 of

RELAHEDn3Sagdif td MghRf 30 hehBfell @Shawh G heidn¥@above, is shown with

part of the walls 6 and nozzle plate 2 cut-away, which reveals the interior of the chamber 7.

The heater 14 is not shown cut away, so that both halves of the heater element 10 can be

seen.

In operation, ink 11 passes through the ink inlet passage 9 (see Figure 28) to fill the
chamber 7. Then a voltage is applied across the electrodes 15 to establish a flow of electric
current through the heater element 10. This heats the element 10, as described above in

relation to Figure 1, to form a vapor bubble in the ink within the chamber 7.
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voltage to deliver a given energy to the heater 14 in

a given tine. In Figure 38, on the other hand, the
weredisrent shown i ncl udes a heater 14 havi ng PGIAB2003/001502

heater elements 10.1 and 1062 corresponding to the

same unit cell 1. One of these elenents 10.2 is tw ce

the width as the other elenent 10.1, with a

TR POR e oL ieeBE T S i SRS n Figures 33,
35/\é.rdlt3’l7,, a3 8,&cah xR iR theldiseingDBRY val£idBHin tﬂl@raho&ff@en]g,th to width
micron in width. Thus the energﬁm lied to ink in

ofthehesdsr erenygnts b Hugh gauaiopstoven tpissoface arga pijthe Fﬂ@ments 10
U SORF Ry M5SR4, SR B WAREClemens,

arrdluhabfowon el talapee bettveemtheaglthgd dndguadent tb @clsievea cdrtain power of
or bubbles and hence of the size of ink drop

m%F 81%8H due to the bubbles. 5 Assuning that the energy

applied to the ink by the upper elenment 10.1 is X it

wi Il be appreciated that the energy applied by the
Modevardrize eleetronit @tompblsermet@nd toRquisenidwieh drieenecvlgrges than earlier

appl i ed the two el to et her, i s, about . O .
v, St eEibatiodsf ARt RaaRors I elsoR SR fitus gn such drive
traRRERS, | fBP@Liveh fradSstor ardd) lﬂﬁere isth tehdedey to Ki rthr%ntQ:fapablhty and

i nformati on can be pri nted with the one nozzI e 3.

lopst voltagateloraneainteaels pokess igengggtiant put may not be
achi eved exactly in practice, sone "fine tuning" of
the exact sizing of the elenents 10.1 and 10.2, or of

Figh 38( teferrediotabges shdiwd tha 6eapepipplaredietvpof Ak f58Yorleng the
required. 15 It wi ]l also be noted. that theeggfer .
e@reé fiawgturet the @nfmuafﬂ@cpftﬂrﬁ Rrtgkead showp sy kigyre 2 ticeqydingly, as
FEHERG Ay Be g o Slr LARL10 A it £ pov
refanctd pe irddintussiop et heater dlenep Busihg oeratien, currentiftosus verncally into

el g e A Besdrs Bt et Plad RobdBe biirert how area
ofaBé LRbRORR @Hefa'tl%@q H el fm R QiR therObeihd® lo_lgf] electrical

i nvention, and thé advantadges of these features.
refistancs: 3y eomdrastp theeslament il Bepésanted indlgatrd Fby e ghit defignated

Wi_n a rset.inetio . .

174 o B SRt Bt o FoReaf B PbiiaR being 1 micron
ardl tB¥tHdShes PBking @D@hﬁ&roﬁ@ those draw ngs specifically

referred 25 to.
It will be noted that the heater 14 shown in Figure 33 has a significantly smaller element 10
than the element 10 shown in Figure 35, and has just a single loop 36. Accordingly, the
element 10 of Figure 33 will have a much lower electrical resistance, and will permit a
higher current flow, than the element 10 of Figure 35. It therefore requires a lower drive

voltage to deliver a given energy to the heater 14 in a given time.

In Figure 38, on the other hand, the embodiment shown includes a heater 14 having two
heater elements 10.1 and 10.2 corresponding to the same unit cell 1. One of these elements
10.2 is twice the width as the other element 10.1, with a correspondingly larger surface
area. The various paths of the lower element 10.2 are 2 microns in width, while those of the

upper element 10.1 are 1 micron in width. Thus the energy applied to ink in the chamber 7
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Suspended beam heater Wth reference to Figure 1, and
as nentioned above, the heater elenent 10 is in the
w0 oo0oa0e8100 30 a suspended beam and this i s suspendszhos/o01502
over at |least a portion (dd%ignated 11.1) of the ink
11 (bubble formng Iiquid). The element 10 is
configured in this way rather than form ng part of
bg[heqﬁwgrgelgrggﬁtﬁﬁggl 't\gicgﬁea?rlégﬁa g%tyetggﬁ}\ap;ese HlsenP frfald given drive
voltapefand pul’se daratiog. hTmS pelenitsed Ifegﬁiaﬁi@bﬂthe ci2Befvade bubbles and
Lex rk. . This constitutes a WO 2004/ 048100
W/@G@Sg@ﬁ’ eigstedidysite thedwbbles f er ence bet ween
enbodlnents of the present invention and the prior ink
jet technol ogies. The main advantage of this feature
Asgmting thaa thei aplamy appli¢dcioeheink byrthdappre fhﬁeﬁtﬁﬁdl (blylst it will be
of the solj

st ipd ot Sy AR5, I cleritar b owba e energy
%ﬁﬁfﬂ%@h& R Sehbsls f@ﬁﬁl@f Rlabb@rIR NGt LhRsE ﬁﬁ'&g{%y%ﬂleﬁ when

., and surrounding the inlet passage 9 whi
nejthge eleingnt is@ppretional ds zerde Thus én effént, thwodtiis g infdrnsatioh can be
eria d not contribute to the formation
Pﬁﬁbégggﬁh%u%%?g% , SO that the heating of such
material involves the wastage of energy. The only
energy which contributes in any significant sense 10
Ag the Brg?@V@ Eretara et SIPTHFOutIE Yol é@ aglpevied expeily infprasticd, some “fine

9| t
tuﬁﬂ% g%e%%g%@tﬁsﬁ%&f%b%g efe %§/1 5 I@Laﬁ] %d\'ﬂf Rl oﬁth.f P%VF Yoltages that are
apgplied ¢ theoh, ardybdireqpnded. as il lustrated in Figure 1, the
heater elenment 10 is suspended wthin the ink 11
(bubble formng liquid), so that this Iiquid surrounds

Ittvxtlﬁ aﬁsb%%ted tH&tithe ﬁﬁ) t]:l%mfe (?1?{5 rblatedSthi A ¥htd Fﬁg ?ﬂ)‘na[b H%J{/&ucal axis

. I'n anot her possib nent,
retatlga ﬁcetMZQWcmemeuﬂ@rQ éIIhesms 130 thiad tltmaaieotmdwlﬂom detcadtcident,
d{ rfaceaI t he ink %Pub? &gforn1n liquid) 11, so
Nape {rﬁllege g 0&“?%1°8ﬁ? PHRA ST Y RIU®nent rat her t han
surrounding it, and there is air on the upper side of
the el ement. The enbodi ment described in relation to
Featguwres avid ndvaptagesrafpuraiculae embidiondigtswi | | form al |
around the el enent 10 unlike in the enbodi nent 20
described in relation to Figure 42 where the bubble
f . [ .
Diég%;ﬁ%gle(ggt%léwdgﬁd& Qﬁr&%\‘ﬂ%}g {f%a% @geﬂé cer-{;ﬁﬁ' ec%ﬂl}efpﬁﬂ?eg %{f 08B diments
oﬁihe trazbntﬂxm ahd theadvinsages eﬁthese feﬁmese Kadwtaturearelo be considered in
g€ ko Fi ures 30 .and g t he heater el enent 10
ﬁ“ﬁ Hg%mrg?lww ¢ pregentdmyention pplgss the context
sp@@i@i@ﬂ!l}t &(Cﬁidé'@ cerffin ERAMingds! arkiORBitds'ty HiRRe Brawdres specifically referred

canti l'ever.
to.

Suspended beam heater

With reference to Figure 1, and as mentioned above, the heater element 10 is in the form of
a suspended beam, and this is suspended over at least a portion (designated 11.1) of the ink
11 (bubble forming liquid). The element 10 is configured in this way rather than forming
part of, or being embedded in, a substrate as is the case in existing printhead systems made

by various manufacturers such as Hewlett Packard, Canon and Lexmark. This constitutes a
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Efficiency of the printhead The feature presently

under consideration is that the heater elenent 10 is
weooviioggined such 30 that an energy of | ess theer/A00003/001502

nanoj oules (nJ) is required8to be applied to the

element to heat it sufficiently to forma bubble 12

inthe ink 11, so as to eject a drop 16 of ink through
s EHERES Firetpcebeln Yot FTREPIREY ivehigh e G ik o
&ﬁmmﬂdyafnt the energy is Iess than 120 nJ. WO

2004/ 048100 PCT/ AU2003/001502 19 It will be

appreci ated by those skilled in the art that prior art

. t
YRR RREL b SR oY ST AR R Ty
themneg@sdaryieating of tl]le(sohdﬁ].ateﬁlahﬁlat $unuadethg Yieater elements 10 (for
R TN S O .
9PWBiR Mces pALSid tﬁ&?ﬁoﬁ}?ﬂéﬁfce‘% OfrgY Hpattmg%f ahdnQ g’ﬁd 4B does not
mal [ er es, and so on,

operating costs ower su
ccmnmblae m)thd femeation af vapos btﬂpﬂles‘ 1%s0 t}mt thetﬂeetamig afoth mgterial

bl g e phfbre 1B ofly e viigh dorgdtEiiodny Agaifiant sense

totthe EARrAoBT e bubbRRYD @Nhal RhREReSIHALE )111r§étEfrlhtfo' tﬁ@ﬁaula Ryhich is
enbodi ments where the individual "¢ ected i'nk drops

tojtg; hepted nwhich diguidde hpidatlyithe inkd 1maj or cool i ng mechani sm
of the printhead, as described further bel ow
Self-cooling of the printhead 15 This feature of the

Ini sheqntfenad pnbyditest, bédlustdied BITEEGY 128R!Hee@r Elemant @Ak Slispended
E@% 12 so as to eject a

nﬁnt 10 o form _a vapor bub
&Lﬂ@ﬁ H‘kbli forming ligiid)e g0 thabihis h@l%surmmé&@ew;e@nt This is
S IS RS B o

the heatet ¢lementk Orbesmriy snspet(dedtat ﬂiecsmface offtike ik bilibl ©formitigdliquid)

t f h Il b t d
14, Sp AR i ity ot eullbeIoY 1Bt elsiga KT e SRR mEb{spR ghcre is air
oM @péd\e&Eor thd EIEMER! AREboliiiEen? ﬁé&hh@ﬁ{gx r?%ﬁén EHg%nglrg 41is

require any other cooling systens
prefesist @sl therfibbled 2amiblufotm efl araviad the eement li0nindike frethe embodiment

OB BADSAR GB S S B OB PR e, T

theRebdaiikent SBFiFRES41 ik likél§ t6 PRVRTY AbrelePi@XRPERtibRE Net
novenent of energy as, on the one hand, the energy

added by the heating of the el enment 10, and on the

AP Uﬁﬁge &@H %, f&h&a&‘f’ie, m&%{ren% to Figures 30 and 31, the heater element 10

beam is supported only on one side and is free at its opposite side, so that it constitutes a

cantilever.

Efficiency of the printhead

The feature presently under consideration is that the heater element 10 is configured such
that an energy of less than 500 nanojoules (nJ) is required to be applied to the element to
heat it sufficiently to form a bubble 12 in the ink 11, so as to eject a drop 16 of ink through
anozzle 3. In one preferred embodiment, the required energy is less that 300 nJ, while in a

further embodiment, the energy is less than 120 nJ.
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heat energy that results fromejecting the ink drop 16
and the intake of the replacenent quantity of ink 11.
wes®uIs1g t hat the replacenment quantity of i nkPAIWAU2003001502
anbi ent tenperature, the dhange in energy due to net
novenent of the ejected and replacenent 30 quantities
of ink can conveniently be expressed as the heat that
woul d be required to raise the tenperature of the
ejected drop 16, if it were at anbient tenperature, to
It Wil bagppratiatel By ERYsatkiled B the B teHt PHoASt Hévibes %h&ﬁllﬁ‘quuire over
WD 2004/ 048100 PCT/ AU2003/ 001502 20 It will be ) )
5 mppreioules teheat Hae clemend seffiviontly to genstatevh sanes bublle 13 e gigct an ink
ke e t .
drngrt%B. EJth% Zﬁn@p e ﬁr (ZLH%:&Q&E OfF th rgéeng?rg%éﬂééﬂjérgan pcfér of magnitude

lotverthan dhat bekiidvad thiefndl aklejet S}tst’entbe Thizdowetunerply consumptlon allows
tenperature is the terrperature at which ink 11 ent
lopiceOpRrRtREROst. TRBIFF POWEr SUARLISSH #ickipeots bgtearlwﬂram@mlly sitmplifies

)
RN oCE o, BRARASey thdsatie el i ot ihr
repoliierisead. Typically the anbient tenperature will be
the room anbient tenperature, which is usually
roughly 20 degrees C (Celsius). However, the anbient

Tﬁe%l?ﬁ&*&ﬁ&éé@?om pﬁé@eﬂt@mubﬁ afe%p&%ﬁ%h%lﬁéalﬁﬁnf &BBdiments where
th ncgerature is |ower, if the ink entering the
pll

ividual @jdctedrink dxogerlé,ttb@tnseiﬂes; eonshiwtethe isjoredoling mechanism of
e d is designed to achieve
thgg;ﬁ“]ﬁﬁjggy gF*“E%d)f“rﬁ‘ﬁpb We. where the out goi ng heat

energy due to the net effect of the ejected and
repl acenent quantities of ink 11 is equal to the heat
S e heater elenent 10). 15 By way of
exanpl e, assumng that the ink 11 is the bubble
formng liquid and is water based, thus having a
Tl fdaiturg o thierihventiom pruvides thedt eleyendf}y appligdes HeatedBldmicht 10 to form

2 aPos DUBHIS M0 65 Oca & grapels of ink O hil sk the printhead by a
coﬁq%ma&mtdfrﬂ?e hedt thRvedk %égéc@&%&r%ﬁﬁ’c@ﬂ?taﬁ& hed tﬁ ?sttléﬂc%l into the

waX|nun1tenperature ri e print
pmrthl@dgmm g ihk rassrvdnfs{ncvtasbbwn) dltewesudt dfhis msgthlahﬂhe net “movement”

PRI o LA 0oL Pk e o
mﬁﬂkﬂstd%espﬂielﬁnnﬂfea& d6esl ¥ rokfhire lahy bih@r éd¥fing %¥stéﬁﬁ§. e at

such a tenperature, then tenperature varrations
bet ween parts of the printhead could result in sone

Al ﬂ}%i S nla)g)gl' d]egecggfaﬁlgrtg? 51%15}% ot %knf r dr%h ntE) Ii].ﬁe printhead to replace the

unn ore
ejected drop are constituted by the same type of liquid, and will essentially be of the same

mass, it is convenient to express the net movement of energy as, on the one hand, the
energy added by the heating of the element 10, and on the other hand, the net removal of
heat energy that results from ejecting the ink drop 16 and the intake of the replacement
quantity of ink 11. Assuming that the replacement quantity of ink 11 is at ambient
temperature, the change in energy due to net movement of the ejected and replacement
quantities of ink can conveniently be expressed as the heat that would be required to raise
the temperature of the ejected drop 16, if it were at ambient temperature, to the actual

temperature of the drop as it is gjected.



10

15

20

25

30

25 undesirable, formation of vapor bubbles 12.
Accordingly, a preferred enbodi nent of the invention

w0 g00s0810@ur ed such t hat conpl ete sel f-cool i ngPCEHAU2003/001502
descri bed above, can be aéhi eved when the maxi num
tenperature of the ink 11 (bubble formng liquid) in a
particul ar nozzle chanber 7 is 10 degrees C below its

FLin Qi n en _the. heati I t 10 .is. not
1 331 b BB 0 RelelBind L o e orhE Ploxp arletsP S st figpends on
whidt@enstutes the Shdient eperittrey ah HfeRAbOLE, TBOtetperdtdre that is taken
that it _allows for a hi?h nozzl e density and for

tohedhe aphisat temperatuse isdhe leameratere ghwhighdmo it entersihe gﬁ@thead from

. ' f i ' "
RSSO e RS R A Pifapiaton. o
the inletdjaasaged 9 bHtho printhesd. f Tysivallyi thé arhhiﬁndﬂeﬂjpﬁrailﬁ'e alilt be the room

bei ng ej ected. This can all qQw as ,nmuc )
iR Eb 8o, PYhesia Seualy Thuglyy 20 B%R*an@ CHEON y than

woul d be the case if such a feature, and the

tenperature criteria nentioned, were not present. 5
Howewdr, te ambiept whpaciwt ewnyHeilessf € doneaxempie, tHeaoomtempérature is

rel ates,to.the densi .b ea,..of e nozzles 3 on

ot 3 e el e el NSty ot he nosal e
pl ate 2 has an upper surface 50, and the present
aspect_of the invention relates to the packing density

Ingme poforredsergbastimentathepuintheed is designed t e ehmpletgself-cooling
. | ' n . f
5 ARG bty Bhrb B 52 el PRS0 pimon
quantinesofinlel eisegdalastinohereaiergy fikled be de lAMRS eleyhepX CBE S
20, 000 nozzles 3 per square cmof surface 50 area,
while in another preferred enbodi nent, the area

i 4 : iy
BY 547 of bifE e P tholite DS BubhIO Riru il B0 B i Pater
based; thuschaSingmehoilimg yavint afrppidhénatelsflO0 degiges O, drtldf dreeabient

density, each nozzl.e 3 is.taken to i de t .
tefgopatirt s ALTHeRre Co bien dasst i Mpoe AECH Gt & fpmche ambient
tefPBRhRs fo the Yl Klihg/ tenfplerafurdahd that [s3AS Ik Mum FerSp¥rbttre rise that

regi ster, 20 an enabl'e gate and cl ock regeneration
the priothiead gould tidergd.r cui try not bei ng specifically

identified). Wth reference to Figure 43 in which a

single unit cell 1 is shown, the dinmensions of the
It i desirt2e to okl BRONENNR SerdférAired AvitHif ERPrintibati(6thbr ¥ 84ime of

.mcrons in |length. The nozzle 3 of. ) )
ink drop 16 ejection) which are very close to the boiling point of the ink 11. If the ink 11

were at such a temperature, then temperature variations between parts of the printhead
could result in some regions being above boiling point, with the unintended, and therefore
undesirable, formation of vapor bubbles 12. Accordingly, a preferred embodiment of the
invention is configured such that complete self-cooling, as described above, can be
achieved when the maximum temperature of the ink 11 (bubble forming liquid) in a
particular nozzle chamber 7 is 10 degrees C below its boiling point when the heating

element 10 is not active.

The main advantage of the feature presently under discussion, and its various embodiments,
is that it allows for a high nozzle density and for a high speed of printhead operation

without requiring elaborate cooling methods for preventing undesired boiling in nozzles 3
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25 the next successive row of nozzles (not shown)
i mredi ately juxtaposes this nozzle, so that, as a
wo e®yssiod t he di mension of the outer peri pherRCDAURM08/001502
printhead chip, there are 48,828 nozzles 3 per square
cm This is about 85 tines the nozzle areal density of
a typical ther mal ink jet printhead, and roughly 400
t he

acfgzl}crerﬁftﬂ élgazle 51!1%%/ a}{;}i%# (gensiré %’{a gel&g e ecﬁ:ﬁoﬁng rcgréftlfow as much as a

huh@resa-fold inBrehs¥Vin MBAXIE PaEkifid BhsRP Han vasuld b@t}ﬂe;useplf Suchl Efeature,
batch fabricated on silicon wafers of a particular

angljthe temperapge £ritsaig Poatioesd, AZOLS/UEEBH2 22 The nore
nozzles 3 that can be accommbdated in a square cm of
substrate, the nore nozzles can be fabricated in a
Asahdgneitpaf mdzzlewhi ch typically consists of one wafer.
The cost of manufacturing a CMOS pl us MEMS waf er of
the type used in the printhead of the present
C . ¢
B I Ao hE Bty WY RS 0P A ncpiel 3n the
prirfthetalde Vidh tederamscedo iguee 4 the ebzzlsplatd 2 has aneip@elr svefage 50, and the

Iar ozzle can he includ
DL oGy oitEG TS et 5 ECHRE HPRELOE Mo Be on that surfuce.
éiﬁtcm;e thef R&al dEﬁB@ty%’ﬂI% 28 les BANMAt RuAAEAER oWBEI(R000
the nozzl eés had a | ower areal density. The cost is
nagiles per sgugespoefisusiaed ared t he area taken by the nozzles
3. 10 Bubble formation on opposite sides of heater
el ement According to the present feature, the heater

InTohe ipSefe@d dnghtdetlesipthichigdal dbisity @x 8e80P G0AEnd 21 ¥B pelr uare cm of
the ink 11 (bubble form ng liquid), it fornms on

sugfagal @Faat"hl@leﬁééfl@tﬁleléﬂ’r@fﬁéﬁfi empodintsng fthe ansplydensify *PX@P% 40,000
n t
nPIcE3 peP QAR A BRrER BbofiFHF Hhe Ao RECRY 138 £26 nozzles 3
pef squant can of a bubble 12 on both sides of the heater
el enent 10 as opposed to on one side only, can be
understood with reference to Figures 45 and 46. In the
Whef ?éfer?iﬁg tt(h%%reai H&ﬁé’it?seacﬁ H@zzh@?'iset'ékﬁl i) ﬂfﬁldel@le ldfive-circuitry
adapted Tor the bubble 12 to be forned y on one
cogiesponding t@ thewtizizke, whichivensists,dppicaty, bﬁedavé trgmmm;r a shit register,

el e IS .a ted for. the bubble 12
anyspaReeirgnd SEReResmatioh Se bR B Erig oL b ARt Ly
idedtiffdagur e 45, the reason that the bubble 12 forns on
only one side of the heater elenent 10 is because the
el enment i s enbedded in a substrate 51, so that

With reference to Figure 43 in which a single unit cell 1 is shown, the dimensions of the
unit cell are shown as being 32 microns in width by 64 microns in length. The nozzle 3 of
the next successive row of nozzles (not shown) immediately juxtaposes this nozzle, so that,
as a result of the dimension of the outer periphery of the printhead chip, there are 48,828
nozzles 3 per square cm. This is about 85 times the nozzle areal density of a typical
thermal ink jet printhead, and roughly 400 times the nozzle areal density of a piezoelectric
printhead.

The main advantage of a high areal density is low manufacturing cost, as the devices are

batch fabricated on silicon wafers of a particular size.
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25 the bubbl e cannot be forned on the particul ar side
corresponding to the substrate. By contrast, the

wheibles1d® can formon both sides in the confiRCr/AURWB/001502

of Figure 46 as the heater2elenent 10 here is
suspended. O course where the heater elenent 10 is in
the form of a suspended beam as descri bed 30 above in

0 Fi qure t he e 12 is
ThEBAS BBl At phac LA waait SPGB g hbte
n@4/ a4 84 Gbricitd M2 @ﬂgle%mo%moﬁ%ﬁbﬁly%ﬁﬁ% ?398ndwafeR€The cost
bubbl e 12formn oth sides is the hi gher

obmAnHpHEYS ¢ EMO lusd\éﬁmwafeé of thptypeiusediinhe pnathead of the
pfe?c%ff ‘fﬁx’eﬁ{*oﬁ i3, {E'Jeaagon{é@&eﬂt 1n@%%}1?%1t oﬁth%%% ﬂrg ?fg;c‘% ﬁ:{-nsf]aat are formed

Vi Cl nrt eat er
omti dherdforadf the patterhdate @elh@véiymﬁﬂl laqlafi¥elf | Rpdbhifbek df nozzles 3

?f-\r‘hhllzﬁ [lustrated in Figure 45, where the arrows 52
18316134 ShemeLe I&ZZ%éétanﬂ fase pratheadsde pgmanufactured for
th%LéQﬁ‘lE e84t Shanlin a-gﬂgestqﬂg?‘@ ﬁeqozﬂg@ﬁad Polvet Qre%lrkfeﬁgﬁg Zfll{e?ogt is

depends on the conductivit
dmlerprepcstlmfal tdthe srdagtkentty thehetzies8. t o that of the ink
11, which may be water based. As the therma
conductivity of water is relatively low, nore than
BlgbIE f&{naﬁbﬁ6nbgg§s1&%{uebefﬁeﬂ@&%l&%nt0 be absorbed by
the substrate rat her t y e ink 11. 10

Preventi on of cavitation As descri bed above, after a

AR R R Ll RS B Fub8 12 o

incthé irkple®ublledsiingligeid)) it Bfms oh beBsaled 6f theARaRF Slement 10.
ature presently being addressed, the heater

the f
P@?f‘éﬁ%l%tl% Ofiys &0 @S @oﬁﬁ‘ﬂi"ﬁﬁg the h]?5tef elemgntn O Wherp therglersent 3s in the
Oglg%hsﬁeg??(pgéaﬂ{s of collapse 17 towards which the
u

I'es ‘col T apse, = are at positions spaced fromthe
heater el enents. Preferably, the printhead is

fi ured S0 t e olid material at such
T%‘of 15 0%‘??%%@ QO ﬁuieﬁ Pgt?«ﬁ;yat%%ma@t. 19r#s opBesey teon one
sﬂ@bﬂl& Q}éltﬁﬁéﬂsﬁoﬁ 'Wlﬁf re?errénct: e iTRtes '4@ Knll 96, grgfﬁ'e Girst: of liese

largély elim nated Referring to Figure
figures, dhe lndton elsotntrEn s, adtlpted ferdbebubble it e fofned enly on one side as,

f d h t h.d
Al Mo B s A BB Bt e o
onlBothsfllet Makhdk@ poi nts of collapse 17 to which the
bubbl es col | apse are | ocated at such gaps. The

. advantage of this feature is that it substantially

aa}’ﬁin@i%u ﬁx% E@ncgl't ag ?heg l%%gg‘i%é QS,ttﬁeerereo%ttﬁgt tﬁé gl%eo% 1) %ogm% %g only one
side of the heater element 10 is because the element is embedded in a substrate 51, so that
the bubble cannot be formed on the particular side corresponding to the substrate. By
contrast, the bubble 12 can form on both sides in the configuration of Figure 46 as the

heater element 10 here is suspended.

Of course where the heater element 10 is in the form of a suspended beam as described
above in relation to Figure 1, the bubble 12 is allowed to form so as to surround the

suspended beam element.
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In a standard prior art systemas shown schematically
in Figure 47, the heater elenent 10 is enbedded in a

wa@egvssEde 55, with an insulating |ayer 56 ovePCT/AB2003/001502

el enent, and a protective 28ayer 57 over the
insul ating |layer. Wien a bubble 12 is forned by the
element 10, it is forned on top of the el enent. Wen

he, bubbl e.12.col | S,. as _shown. by the.arrows. 58, 30,
The Fgps e 05 1PB0le 3P R i bR e e e Bit SlEimdu it
adhidv@bR. TRisis 908t a RALBHorh he thARS adkdd in datihg) Solid materials in the
protective |ayer 57 were absent, then the nmechani cal

vicinity s thi heates element B jwhieh dmnatieantributeup dommsation of & bubble 12. This

. & i ' ner Q. t:h oi.nt of coll.apse
BB T 95 WA SR8 00 BBl o
sdiavsbsrate 5§ hi The ampiire\oE At dodyo the Sutidtateesit dependsrhe thérmal
WO 2004/ 048100, PCT/ AU20Q3/ 001502 24 Typically, such a
condysiaaty; afdhe sglidymaeripls opthespbairate relatiym Fecthaloodi the inkd 14 which may
r - . :
b P Bat s e e BBha Rl h OO B8R DO Uy 1%, e B of
thefheetotan beexparted tathe@bsorbéd byhihe tebstratelih rtindr dbxanctey the ink 11.
shoul d be chi pped away due to the 5 cavitation, then
oxidation will again occur at the underlying tantalum
PRRb@lon oTRaGation effectively repair the tantal um
pentoxi de Tayer. Although the tantal um pentoxide
functions relatively well in this regard in known

|, Jink jet it h tain. .
AGRET R i e a U BDE T et et TS b gt acsapdipg to an
ethBodiinbRICdf the plsett itveatidny thd WubbhloBlapded tedrily £pbial 8 coldpse 17.

havi ng@ a thickness indicated by the reference nuneral

(hay, .
Ageprdipg de thedeaturernsesently beiag pddressed, dheshester telrmantsqlf) are gonfigured
' t [ . ' r
o5 R 1750l bR e 7 R o Ty cotape
areat pdsitionsspadet giom dicdighter slemeits. Bieférbislyf the pahihead BrEnfigured so
this reduces, the efficiency of the heat transfer.

Not -
thgthere 138 solidmaterilat sudepqipis ohaellarse b Fdhis Wiy c@Hitatipn, being a
- . i ) - 5 th
AR 6 pridirt Sl SRORONAIAE STkl BERRD 1 1°
heat the ink 11, but it al so resul ts in_ a su_bst _anti al
REGSEh 58 0n PR b i B
hdVe@BRE53 knhidh A6 BhEY (r&IresBRlH b} thdBfow BHE hid HUBRRHibbles 12

on a surface and was not covered by the protective
sq thgtethe paintsxy collapsedi7 ig whicht the bilbdes nollaprecselochtpd atwiieh gaps. The

j PN, . . f ' |
ofaBBR7 S AR 08 RGBT R e R sy BRpechcntr
elédemo 10 AAd othler solid mens, as illustrated in Figure 48,

towards a point of collapse 17 at which there is no
solid material, and nore particularly where there is .

In%;s‘%?rgigigieﬁ‘lf'og% Hteth R3hbwn §gheﬁfati¥:£ﬁ/ iﬂﬁéu% 4?,' tﬁgﬁggter]eq)ement 101s

embedded in a substrate 55, with an insulating layer 56 over the element, and a protective

layer 57 over the insulating layer. When a bubble 12 is formed by the element 10, it is
formed on top of the element. When the bubble 12 collapses, as shown by the arrows 58,
all of the energy of the bubble collapse is focussed onto a very small point of collapse 17.
If the protective layer 57 were absent, then the mechanical forces due to the cavitation that
would result from the focussing of this energy to the point of collapse 17, could chip away

or erode the heater element 10. However, this is prevented by the protective layer 57.
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merely the ink 11 itself in this location (prior to

bubbl e generation), there is no material that 25 can
wheoognegdedd here by the effects of cavitation. AEEAU2003/001502

‘tenperature at the point of4collapse 17 may reach

many thousands of degrees C, as is denonstrated by the

phenonmenon of sonol um nesence. This will break down

the ink conponents at that point. However, the vol une

of extrene tenperature at the point of collapse 17 is

T?]Siga‘llwbdchtaqﬁbte&ﬂi‘@ 14eS1574€ bf tataRim, WHih 6:98R68'@bsn hRery hard
his volume is not significant. 30 The generation of

lay¢reofhastine peptoxidet (Ta10s)t Altboughpmdamormmatgrala caofully resist the

ol ] . 17 [ e ere i,s .no.soljd terdal can,b
off@h B35 abrn Ueian i Pei PRl s FRAE o iP 1 e
cdvitation, Hiepraxsditioa il giih@cfiat thtQnddlyahg taARTR sletd WOV to

in Figure 34. The elenent represented 1s WO

effestinely aeppchetantahup pontoside by 25 symmetrical, and has
a hole represented by the reference nuneral 63 at its
center. Wen the elenent is heated, the bubble forns
Atthoughdhé taatabire pentbxida Suncndhcaiatidelyywdlhia thia séped in ki®wn thermal
.64) and thep grows so that, instead of being of | .
mgd%f&v%rﬁmeadb Ty cﬁw&iﬂ@t%&i P sigpificagt dispdvanageda dibdn effect,
irtu P thE v RN pB Rkt 14 | bs inffchied!
VPP RS SR piofktils jo50 beh%‘gﬁ%gklﬁ?‘% i r‘?g%%%germme
nurheral $)mmast bé bedbedinl cxder Th radmfidrishereyRired edengysinto the ink 11, to heat

..Subs tiall i.sc+shaped... . Wien. i t, col | apse t he )

it34 25 to¥otm Rlpulp o2 TR 57 gt Fishim Sl RS ieth e very high

atbRNSWEIghSHIthOtMENNRE, andBis Petebthd 3fficTdhcs of théeMafankfee Not only
bubbl e 'shape noving towards a spherical shape as far

degs thig incprasertherampupotheet which il requireshat the levelnigsignater] 59 to raise
ST o . 4 .
bt 50 61 b B ceaB) WP pgP PR ot

inhesibstantéd] eneemi] 1665 towhley sladelig Kigs difectionsliddizated By the arrows 61.
material. The heater el ement 10 represented by the

These disedvaniags fvauienotheprassaiintheheptepelpment;] § was merely supported on
' ' s lt, with the
* GR84S P FREEES R ST RIS dached 11 ne 66,
and the point of collapse to which the bubble

col | apse eing in the hple 67 at the center . of
AffuaR IS Bedbariormentmr Srarelonohe oprb e Aty s ter 57, a
dfefibedldbodb i9hvdill&l BiPsHheRRAMNelbAbBIed9 S 1B if DIBHRS, as illustrated in

configured to achiéve a simlar result. Vihere the
Figheari$n toweandsepoist eff aptlapsediat whinhitherhas no sdiid tageralsgndimore

sal,l nufacturing i uraci e f heat er .
Tty VREY B KbO Rl LR R S R shsmt 1 s there s
miexly e a1 S146dif ihhibik 1ddatioR @ridk tobubbid ehiefioh); thefe fsH@ material that

regi on defined by L i
can be eroded here by the effects of cavitation. The temperature at the point of collapse 17

may reach many thousands of degrees C, as is demonstrated by the phenomenon of
sonoluminesence. This will break down the ink components at that point. However, the
volume of extreme temperature at the point of collapse 17 is so small that the destruction of

ink components in this volume is not significant.

The generation of the bubble 12 so that it collapses towards a point of collapse 17 where
there is no solid material can be achieved using heater elements 10 corresponding to that

represented by the part 10.34 of the mask shown in Figure 34. The element represented is
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the hole. For exanple, the hole may be as little as a

few m crons across. Wiere high levels of accuracy in
wao b@4eksanent 10. 36 cannot be achi eved, this naRCT/aB2i08/001502

in bubbles represented as2i2.36 that are sonewhat

| opsi ded, so that they cannot be directed towards a

point of collapse within such a small region. In such

a case, Wi.th regard to t heat er el ement .
SYW@&‘%@%@P@E‘*‘? ﬁﬁ 'egenrewg@? (YR RELFTRCEI VY gt 6% cqfg- When
th@é1€1%fﬂ¢is ﬁﬁ&e&'tﬁ@ﬂ)ﬁbbi@fo\%ﬂ% aﬂﬁﬁﬁd tHeRBLEDY (as'iREEABE bY fheldaShed line

size of the region in ich the point 0o apse of
64) hed thebigtevs » that, natehd of i@ego Tanulaa (doughapbsiape ds illustrated by

| e..pl thi I | at 0 .T .
e befed Gl i PR g a3 iRl RUE ARG he then being
filRAZHAEHE Vap & that s RO BEbKe. PTRE Bubblld LB isGRMSubktitidl§ disc-shaped.
structure which is formed by chenical vapor deposition

Whavideollapses, flaer ¢oblapseris direqtedesd asrip onihimine the surfacetumyinssurrounding

0 Klicon ni.trid i hico [ OXi L=1 L] .
oS o151 S RS B0 A5G B0l b P Rop for as i
pei@#Zt & yphedwhaiethfgird BKoREd.DYhieMB tis), tdialts intthé point of collapse

formed in place  wthout the requirenment for X
beingia b regipnidtdhaleple p2 afdha canterpishagates slamsnt h9.svherg there is no
softd nidi§ig el I's 6 of the unit cell 1. This is an

I'nportant advantage because the assenbly of the nozzle

plate 2 that woul d otherw se be required can be

kU S R 8 8 BSR oe 1
co'ip{iﬁggﬁga eaievieheifRAr reSID AR IR NE&GHRHRE a8 Rrldaled bal the dashed

. 2 and the parts to which it would be assenbl ed,
lirtetf$, ant theeipoint v§ cadtapsatocdyslf thelbybhlespllanjesorippincthe bole 67 at the
al i d to each other, keeping themplanar, and so
ceB{?fgﬂﬁeie#&qnﬁe curing process of the adhesive which
bonds the nozzle plate 2 to the other parts. 10 The
i ssue of thermal expansion is a Si gni ficant factor in

Thetheajsr eloment 1Q roprsertied asrfhe part he-3giof he ragskishrwi én Bigureal6 is also
8 TR ASL UGl Sk BESRUSE 6L EREROGS i

the keleisds sralllimirifachaigligadeluaties afthedestabaemaitendyoaffect the extent
[ the nozzle plate is conn_ectgd, where this

whi.ch .
toathich # huleble gardre opmedgich thag itg ppIEoseplepseys i fhe rgjon defined by
thgﬁal%%?i%}n)ﬁle %%%o%%%&fﬂ@ﬁ lﬂtgg di ?E%l;‘ ?Igﬁ:réﬁs 18, Where Ihlgh levels

occupi ed by, 3ay, nozzl es, ative therma
ofexcpansy inrth¢ Hameuntcldcanettieachiched, tlas praytresult iphnbldes iepresented

bei heated fromthe .amhj t enperat ure th .
a5 e Ut o LT Pab ALY BOHoh i el fay i pointof
collapRiwigkin s6éHa sthAVRBioR. Uh SRS B, Wit RE4d t8the heater element
significantly greater than a whole nozzle length. This
represented in Figure 3%, the central loop 49 of the element can simply be omitted, thereby

increasing the size of the region in which the point of collapse of the bubble is to fall.

Chemical vapor deposited nozzle plate, and thin nozzle plates

The nozzle aperture 5 of each unit cell 1 extends through the nozzle plate 2, the nozzle plate
thus constituting a structure which is formed by chemical vapor deposition (CVD). In

various preferred embodiments, the CVD is of silicon nitride, silicon dioxide or oxi-nitride.
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woul d be significantly detrinmental for such devices.
20 Anot her probl em addressed by the features of the
WO pwentsion presently under discussion, at | eaBCT/AN2003/001502
enbodi nents thereof, is th&, in prior art devices,
nozzl e plates that need to be assenbled are generally
| am nat ed onto the remai nder of the printhead under

Thex it%é%g ¢ B9z téf'giv eg(f%‘ige% g@ﬁ%iﬂi@ﬁ%ﬁg %t?i ¥ gn%%}{ place
wilE BRSreqiREn 4® P&%béeiﬂb@mgfthé ﬁ&zﬁﬁﬂaﬁ% % Othat &)n?pdﬁléntg'\f&:h as the

I'n errbodi ments of the présent vention avoids th
walllsfuof the nnid delhiht Hyeisah 1mipertgrtedealttag‘ed1§cmxse ﬁlecﬁssqm‘tdy of the nozzle
eas in e

Dl A B Pl o DeseRLF PR EGRUGE EGre and i iVGlve

pdi@ﬁiéﬁ? ehbipleRGssBED SESPRSues MLIHERNAAS Fbﬂeﬂ@al #niBR4ich Of RleAhsl
yCVDaIIovvstenozzetEate be included in the
8

exi’oammlhb%tweeraﬁlemhézlgphtee’l arid the paws toswhick 8rivandd be assembled, the

G R D ST SBbA y 28 uL L e s

andGd/oAL2G Y 180 oz prddeskst thieiadBesiveewhish bomds theho2de plate 2 to the
bubbl e jet systens experience pressure transients,

othefMafy the bubbl e generation phase, of up to 100

at nospheres. If the nozzle plates 2 in such devices

were applied by CVD, then to withstand such pressure
Theriaswei e itiesmabexpatisoraista signifitent Kavers $n tfe priovBrtnehich dimits the size

Iate uld.be re |re erstood b .
t ¢andig map tTﬁbfé 1%%6ﬁusleﬁﬁx%§l E\%@g@l e odefficient of

thgx%Pé? %kﬁﬁﬁloﬁ%ﬁie%npio%ﬁﬁnm@ W el W8 zA1é ﬁﬁtecﬁﬁtﬁu[istrate to which the
probl ens as di scussed below For exanple, the

nazhleqiate sscopheeied, mheee tbufsﬁbsiraémls of siligbn, s qeitrisustaogal.

at mospher e _pressur e nozzl e chanber, -7 mayhe, :
OGOl bt SR et BroREAbEEPRIRE 1080 TG the retaive
themaexFansibd thitiokciSbétwhen thatredpectivipats, ia GeRipdrRRee fitint the

t he present invention, and which has such_a thick

arphygnt| temperatuge t the euriyg temperapwpresuired &y bopding Sigparts together, can
I { I
oL SHERRTRHFEH R TRt S WA By, T
wolldtbe sinifidaatly Hettitheatatiforguelkdavieed. by the nozzle 3 as
the ink 11 is ejected therethrough results in

significant | osses in the efficiency of the device.

tot Cé’lﬂ H%gée%rﬂé/tﬁf‘feai‘iﬁég & tﬁ {n¥kntidh Oﬂr@%nﬁ?%ﬁdé?fdmcussmn at

nozzl ate at es
least in embodlments thereof, is that in prior art devices, nozzle plates that need to be

assembled are generally laminated onto the remainder of the printhead under conditions of
relatively high stress. This can result in breakages or undesirable deformations of the
devices. The depositing of the nozzle plate 2 by CVD in embodiments of the present

invention avoids this.

A further advantage of the present features of the invention, at least in embodiments
thereof, is their compatibility with existing semiconductor manufacturing processes.
Depositing a nozzle plate 2 by CVD allows the nozzle plate to be included in the printhead
at the scale of normal silicon wafer production, using processes normally used for semi-

conductor manufacture.
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actual etching process. This is assunmi ng that the

nozzle 3 is etched, as shown, perpendicular to the
wadoen4Boof the substrate portion, for exanpl ePCEFALZN03/001502

standard plasma etching. TB7s would typically require

nore than 10 mcrons of resist 69 to be applied. To

expose that 20 thickness of resist 69, the required

evel of resolution beconmes difficult to achieve

Er%lmpg theymal ikt 9 bybbleriet systems exParicaee PresyseEansisnis, 6%%@ the
O P bR U O b IR Bt O o devices
wers iapglied-byay€D, theh o with$tandomich preselrattiausibnts, caosmbhtynﬁal thickness of

ocess. .25 A rther. proble hat mo ' )
‘Q]E}(pr?zgletglﬂ te OH |redyijed; s Fou ‘W%é’r 35‘31 1 ela in the art,
subh i Qthebddl 6K ddpa¥itdd ﬁzzﬁ'ﬂité@@oﬂﬁrg?vecﬁ@ déﬁﬁ’iﬁsﬁr&ﬁ&né)ﬂs &iscussed
silicon substrate wafer, is that,” because of the
bethivi.f erence in thermal expansion bet ween the CVD | ayer
and the substrate, as well as the inherent stress of
within thick deposited | ayer, the wafer could be
Fdf%bd&ﬁﬁlet fhe BIRknckPo Sl edutREd R o WitBétaddd | ORAtnidbFiREe | gﬁssure in

the |itho ra?hlc process woul d_becone inpractica
therm@, e ehambgey mayrbey Wer, Hymigrens, Weitlerefergrce; thiFigure 49, which shows a

ur%@ocgglﬂbn@ 19 Ell)é geac& Van gﬂglgtﬁlg B}%ﬂgfg‘g@ 8&’833[18 axWﬁéﬂ fas such a thick

nd%ﬂ'é/p&’dﬂa QQIB )(Aﬁ)lﬂ) 1) Qﬁ)recﬁ&e&\tﬁah suichf ethidiaesstcan Fdsght ireproBlemisitelating to

et _t her mal jectjon devic ccardi ng.to an
dr%Prﬁl?B oAt thet cas uﬁr’«é@@ &n P%%?GR Hidie oG exerted by

DSBS 05k
efficiendycaflthe deviss. gni fi cant and is therefore not a najor
cause of loss. 5 Furthernore, the etch tinme, and the
resi st thickness required to etch nozzles 3 in such a
Almﬁéﬂ Roblb@ttBat dvorddekibte 8 da88 6f Qidh aliBicR WBSAIE plak 2@di8es to the
8, w'll not be excessive. The relatively thin nozzl e
acplahetehingiprocesd. Thisiy muma.ng thet thp aprzdel3 asetelied, g showny perpendicular

oSFOTAR 60 B R 0S8 AR OB i

wolel itasficallyasquiRihére figsh 1@haiteons UTessist @0 eo baappliedc tforexpose that
whi ch contribute to the SI(%I’]I ficant reduction in

thickaess of eesist ﬁ?»stbemulr%&uﬁlr desolptigneecorgesofifficylt tp gehipye; as the
o SR RSP S S M e AR SHREY liouen

would be possible to expose this relevant depth of resist 69 using x-rays, this would be a

relatively costly process.

A further problem that would exist with such a thick nozzle plate 2 in a case where a 10
micron thick layer of nitride were CVD deposited on a silicon substrate wafer, is that,
because of the difference in thermal expansion between the CVD layer and the substrate, as
well as the inherent stress of within thick deposited layer, the wafer could be caused to bow
to such a degree that further steps in the lithographic process would become impractical.
Thus, a layer for the nozzle plate 2 as thick as 10 microns (unlike in the present invention),

while possible, is disadvantageous.
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3. stability of drop ejection at |ow drop velocities;

4. very low fluidic and thermal crosstal k between
woemzloea0B; 5. optinmum nozzle size to bubbl e BEBAD2@6/001502

6. low fluidic drag through8thin (2 mcron) nozzle 3;

7. low pressure | oss due to ink ejection through the

inflet 9; 8. self-cooling oper ati on. As nentioned

e in re ation the, praqce srlbedlnterrrs
Waih Fefeasniog i B S0y ih MBTRE R Bk erion Shyics Berording fo an
etﬂ&?d%ﬂn@nhcﬂf@ﬁeeﬁvﬂe%?fnvgnﬁdhv qreV@ﬁntIﬁ&d% SbeM&aplateShpgeSis oy

such stage involves thé etching of the region
mdxstisgth@ke Thdrsfare thej fl}udle slragtheogh $its ndzelef3ois mobpartodarty significant
gi% at .wl| one the nozzle rim4. The
B ?gbaéorlcﬁ%ﬁ Sy further etch, in the
regi on designated 46 in Figures 26 and 50, which

actually fornms the nozzle aperture 5 and finishes the
Fyrthermore3thegtchzinae, ghd the resistd Ewlssczse seqnided boeLionezas 3 in such a

gz e R Shes RRE S0 SRS, BDHE PRy ™"

with the advantages described in that regard t he
nozzl eﬁlpl ates in the present invention are thinner )
Thewsketivalyrthia norrls plage 2 In iy iavendion;is enakiadyas thepressype ganerated in

thg F‘g?ﬁ‘? s d1§ %fr?';g‘ g?ﬁ;x%ﬁjﬁ@l gat{rgggﬁzr@éafﬂo‘i ‘igo a‘¢11§b gﬂ%es as ip prior art

devidek, dk mentioasdaltdvan 5 nicrons 5 th| ck, while in
anot her preferred enbodinent, it is Iess than 2.5
mcrons thick. Indeed, a preferred thickness for the
Tl'%i’é efnitlyAh&os Wisicl caHtSHRE %o thRisthifidARPeBhctRnGABRIsSure transient
formed in different layers 10 According to the present
reqemdrtpeejeotﬁ@pelérreﬂm gystemal Thege picludeat er el enents 10
sed \rﬁrrltg 7t he chanber 7 of each unit cell 1.
fany lff which are fornmed by the |ithographic
2prae&ﬁ>@ts fasFicaestof edeamdehbmbéct;ati on to Figure 6 to
are fornmed in respective Iayers In preferred
eﬁ@bdrtﬂﬁﬁd@p cipstiemaplpwidiorveloeities; 38, 40 and 51, the
e chanber 7,
ar e OP Wﬁ“ﬁ&é%‘% h]egp éecg&gteﬁlé?etavge%%égggéﬁ ot her. Also as
S.WObtlmbmmzﬂre%ﬁneabﬁdbMebfear ef erence to the above

descrjp n of the I,| graphi c rocess, each heater
el? ‘{lcigrag,thrf : thi‘% 181’9‘%%"5119?28 | east one step of

7.1 & pRisOGE Foks dhE® ink ejection through the inlet 9;

8. self-cooling operation.

As mentioned above in relation the process described in terms of Figures 6 to 31, the
etching of the 2-micron thick nozzle plate layer 2 involves two relevant stages. One such
stage involves the etching of the region designated 45 in Figures 24 and 50, to form a recess
outside of what will become the nozzle rim 4. The other such stage involves a further etch,
in the region designated 46 in Figures 26 and 50, which actually forms the nozzle aperture 5

and finishes the rim 4.

Nozzle plate thicknesses '
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l'i thographic steps relating to each one of the
el ements 10.1 being distinct fromthose 20 relating to

wao b@4osd1er el ement 10. 2. The el enents 10.1, 10PCI/AD2003/001502
preferably sized relative 2% each other, as reflected
schematically in the diagramof Figure 51, such that
they can achi eve binary weighted ink drop vol unes,

Aliirarsit B R g ol Dot of B urREPlale % PEbEE and with the
ad b RIge\ddsBigbdAAR T réhalt, thd BRIt indhe b&@bént ﬁﬁ)ehtlén are thinner

The achi evenment of the bi nary wei ghting of
thap i theprior atthdare kar@p@lpdy,ﬁbe hezziteplaies? ﬁ@lewh@m &0 microns thick.

N I O Ry R T —

thick, v&&ﬂlﬁ@@ﬁotﬁ&tﬂpﬁ’eﬁbﬁ@i d:rﬁBO(ﬁl?aehtS ittigdesethbials Mifcrdm@Rhick. Indeed, a
heater el ement 10.1. 30 One known prior art device,

Pisiaresdithigkngps éaﬁ%nozal%plmemg@mp@as fdlematically in

Figure 52, also has two heater elenents 10.1 and 10.2

for each nozzle, and these are also sized on a binary
Heatst elefhients fortned i diffeeent dayeryss 16 wi th bi nary wei ght ed

vol unes). These elenents 10.1, 10.2 are fornmed in a

single layer, adjacent to each other in the nozzle

8" f

e e R
th@mhh iber Tofaach it ¢cll bnThe elesents|18; wiieh yresﬁoahéd by thellitlmgraphlc

PGt Jeiy R0 el Erg s Toy gty firebbecte layers.

conmbi ned effects of the two el errents when they are

actuated _sinultaneously, is de5|%nated 12.3. Three
Inprefesied smbgdisientsdas shevario figures 34, A0 and S t.dbe behtersl@ndsts 10.1 and

lgs 12.1, 12.2 and
1 TR bl gl YRR AR R B 0E o e
el ements 10.1 and 10.2 thensel ves are not reqU|red to
e binﬁry wei ghted to cause the ejection of dro 16
P 1 @Fﬁ?@ﬁ@ﬁ@dé’fﬂi}%f%‘?ncﬁFi‘étl@Jab(%Yq QﬁﬁCﬂKﬁonl}sféh%llthOgraPth
poRER %h@ﬁ& m&Ht38S; 14 Qq§ﬁ%&ea BE aPle g‘@ft) %P{Hapgrocess the
may me represented C|se y v b
hthlbgltabhlcetepsreahatmg]tﬁ edch dre. ¢ thehdameﬂltv @8.1 bbmgsilmmgfrbﬂnahose
| ement.s 10.1 1 to achieve binary wei ghted drop
re&&‘%ﬁ%@,e Ct]fheé ehn%ﬁ“gi‘lézchar acteristics surrounding the
generation of bubbles 12, the drop dynam cs

characteristics, the quantlt liquid that is
The dmnn@ts BAdK19-Atare priferablnst rePdtﬂvp mamh@thmzaalreﬂ@tadnce

as..broken of f S orth st .
s Befeffubin B RbRA T ERe o8Nt Rashl bt R iy weightod ik
di®p Vohmgespthaiis, Sbfthithﬁe}eé&f@ﬁlieinll drob9 18 ,hadiﬁg diff@ént] l5iﬁary weighted
performance of the two heaters, needs to be adj ust ed

V?1Hm5$ foche Jestedsthegh dyeenozzlesd ofcthe padicwpr it collel. gReashievement of
thd 'B%r}\’@leféﬂﬁﬁg of the volumes of the ink drops 16 is determined by the relative sizes

of the elements 10.1 and 10.2. In Figure 51, the area of the bottom heater element 10.2 in

contact with the ink 11 is twice that of top heater element 10.1.

One known prior art device, patented by Canon, and illustrated schematically in Figure 52,
also has two heater elements 10.1 and 10.2 for each nozzle, and these are also sized on a
binary basis (i.e. to produce drops 16 with binary weighted volumes). These elements 10.1

2

10.2 are formed in a single layer, adjacent to each other in the nozzle chamber 7. It will be
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Wiere the size of the heater elenments 10.1, 10.2 is
fixed and where the ratio of their surface areas is
wao bheneisine fixed, the relative sizes of ejectePCHATP®3/001502
16 maybe adjusted by adjusBdng 20 the supply voltages
to the two elenents. This can al so be achi eved by
adj usting the duration of the operation pul ses of the

SRR Bt e DERAIS L2 e e e et L L g s petatively smatl
wRIOWAL 1203 fdrhidB by BRCRERSIONGR 18.20605) ¢ relét&e?ﬁ‘l%xﬁ)e The bubble
nucl eated on t he surface of an el enent

genieatedznythel mmbm@fh elh¢ctpof the tww cliementaf when ﬂlhja@retapwetedr |

sgltenutinde Srage e s Al Rl o€ TG b b cansed o

bbb WEDLY the ihrbOrddfective Blibled D.1,8@Chandvier3y, qui ckly, the
tenperature at i ch bubbles 12 are formed and at

whi ch drops 16 are ejected. Wiile the maxi mum
It %Jl{) %'% taf)}%rgm ?klﬁa Medsﬁéé 4@%«% +1§ﬁ1%;1§:9 %(r).g ﬁaﬁg 'Tg._zgtﬂéxﬁéeh‘?és are not required

tor’ﬂedﬁmyé wergblﬁe,d tb balsmtlm ¢fectionulf deopaildthaving dd@erbhtrsidee dr the ejection
y the avail abl e current drrve nd the current

I
ofgrgﬁél embinations of dppst ydesda the tipg mag el nothe fepresented
1 0
priflscl by st of HELIERIGAOM 90 g%@%‘r’-eﬁé%%éé fip ofeediS 10,1,
101D tQachieye bumanewtightetl aropweolmmsy diat fluidic cliatavteristicssuirbunding the

e<hgiation ppaYbbles 1T Eod Sifiiey chafftegies, B dpun ey of figgid that s

dridfihgack (RS theCdhbmbBbi B frofOthe BIAPS Bndda &b 18 %ad Bl%k&r bffCand so
transi stor (not shown) connected to the Tower elenent

forth, mustihigiconsidiered. Hecchrdingly.the asival 3atig efithesurfdcgarpes of thaglements

ect el ement df. . for .. )
lde Q,tho f %pﬁjtewgref?)rqmar{ce \9? thepc{j/ g%tfsg $egv Iilogtée dacy%st?dnlg practice to achieve
the degirdibinegy eefdtdsod Oolmed0. 2 are in the ratio 2:1,
the drive transistor of the circuit 70 connected to
the lower elenment 10.2 would typically be twi ce the
i df sigho .
Wilefe e B P BEhdCabhBTS 1 BT0-2 B BRI o heir sutace
arE:isas ﬂ‘re'refOrea’rxted;:ilﬁe e¢lativecsizes of ejeated drops d 6 Fhaybeeadpidtedtbyaadjusting
eater el enent 10. 2, _whi ch, are the same
the awﬁy V%lra@%ro a&%fa eenisy MR Rloibs aelﬁsveégﬁeadi'fsaag the
ddriiod 6fttﬂ@9ﬁéi‘ﬂ:mn ul SR RO TR &R PTOREBE Si . kikid ffse widths.
enbodi ment” of e present invention iilustrated in
Hpwgareths pylse Wird;hs cannheenceeda edrimfrearneunt Of time]ecayseamce a bubble

lﬁans nu%fégted a8 Ne surfice of‘ & mer?rrﬁ) laflb ‘ir Q%n}Q Iiura{lon of pulse width

after that time will be of little or no effect.

=

On the other hand, the low thermal mass of the heater elements 10.1, 10.2 allows them to be
heated to reach, very quickly, the temperature at which bubbles 12 are formed and at which
drops 16 are ejected. While the maximum effective pulse width is limited, by the onset of
bubble nucleation, typically to around 0.5 microseconds, the minimum pulse width is
limited only by the available current drive and the current density that can be tolerated by

the heater elements 10.1, 10.2. .
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15 I ndeed, as described in the process illustrated
wth reference to Figures 6 to 31, the material to

w0 oooaosdieo el enment 10.2 is deposited and i s t hePCEATR®E/001502

in the lithographic process] whereafter a sacrificial

| ayer 39 is deposited on top of that elenent, and then

the material for the other elenent 10.1 is deposited
ASGhébin El@ﬁressa(,‘ theftive ihahtetsayefientss (bEtl‘GE‘AEaﬁe thienet1sa to two respective
heat er elen? |.ayers. The | ayer of t

econd
dgyesiggits 70, Althgugh ﬁ@opnwyltsﬂ 05’@6}5 Re ldepp Ss%ﬁ'oéhew further
el Ue ARSI LY el o s YRt ok SxIRUF Sing thdrive
transdter (net showmn) sori@cted anﬂhe 16w & elensent @81 whichds thb digh, current

his has the advantage, that it enable el enents to
clsmegt, Hager i angiie taJGe Wi faﬁinsnt B hat Yo rvs‘é@@ﬁieeaw relative
B QRs MBYIEE fo The QBpeaR e RFdnG 1.1,49.2 dre W fhk B 2:1, the drive
appreci ated that, where multiplé drop vol unes can be
transdistenafithe cinuite¥peonedted toithe lowieegleaent 1. hmoyldvpigaitycs; twice the

iy e ARG C1Rinelphab o G 8RO o P fher

elRehelitird. her nore, under the same circunstances, higher
speed printing can be achieved. That is, instead of
just ejecting one drop 14 and then waiting for the
e y
Il?ﬂ%é%l%a%% td@schﬁ&H rglau)]l? toeﬁg'gﬁé%q gltg%e%fer @E{ﬁ nt% A, 9(52 which are
1r&ﬂlaishmbl@elr afd ﬂrbdlfqeé eﬁhmifanéd’usly 1ﬁ®]iezéame&te150fnhﬁ llﬁiographlc
i on, and hence

n{aﬁtliuggg ;?q%tggsr hg'glg gm o@@}egb@ﬁpg pEesen inven on 1 fustrgced m Figure 51,
}E@/o@igg@g%%&gﬁg g? 1.39. ZT%X nEﬁtl@rfera' BYed ard f&nﬁé@&{é 4Hfer the other.

owever e nozzl€ refill time wil typlca y be a
Indendl,tas dgscribed incthe ptqwesshllsstmamlemth twéermm Eigdirasid to 3l athe material

1 fill t f
i) s pmgnta 2 s UehSx e and Wt fenh fhedho it moess
wakRah&%h dabaficitheyerd9liy déhoditdd JRAED of BlatiBRmeA Bnd @en RRSRaterial

ej ected. However, in practice it w || not take as nuch
ferghe othereclementd 05 iadepasited sathatethp sacrifipisl @Yp@s dva@vqe@ therfavo heater

?}1%5 l'ﬁgelfrgd% ﬁg]yet(f%f %SSSctrzoh %gge%{nﬁ Z§ é 13 egt%fg%l‘nb a seco 1tﬂl<§graph1c

sepludahd @atifiyial Ry@aris edm@diacent unit cell s 1.1 and
1.2, the cell on the left 1.1 representing the nozzle

3 after a Iarger vol une of drop 16 has been ejected,
F
R Aoc dph 49 ule Attt res O el UBelly 15T A0 2, s
ntbnﬁme]i&,botzé; ¢his has/tht adeantdge tiiee itainablbuthb lekenhtst th ok strad so as to
f.armed Ji.n e t he tlaII ied nozzle 3.1 is
aphievapultiplen Wﬁrﬁ‘ﬁ"égﬁ dropyvo I’Pesbf%fl% PRERFAGht has
formed after the smaller volune drop has been ejected

fromthe nozzle 3.2 of the other unit cell 1.2.
It will be appreciated that, where multiple drop volumes can be achieved, and especially if

they are binary weighted, then photographic quality can be obtained while using fewer

printed dots, and at a lower print resolution.

Furthermore, under the same circumstances, higher speed printing can be achieved. That is,
instead of just ejecting one drop 14 and then waiting for the nozzle 3 to refill, the equivalent
of one, two, or three drops might be ejected. Assuming that the available refill speed of the

nozzle 3 is not a limiting factor, ink ejection, and hence printing, up to three times faster,
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The hi gher curvature of the air bubble 71 in the unit
cell 1.1 results in a greater surface 15 tension force

waonbkioglasiends to draw the ink 11, fromthe refiPdT/AU2003/001502

passage 9 towards the nozzB2 3 and into the chanber

7.1, as indicated by the arrow 73. This gives rise to

a shorter refilling tine. As the chanber 7.1 refills, ,
miay be @elGEed. dn ptartiee, howevag taé ﬁ@théreﬁlMiﬂhii@wﬂh@pﬁﬂh}d bé i a dll’mtlng

is simlar to that in_the adjhacent uni t (i
facior s Inetbifciass dhe nazele Twidhigks slghtly gngento gHl tvvb@e|a| tiplg volume of
S BT Ry L BB AR S| fhd 5 ini
velpeedra) lmsibegn dievind.eMewetdnpinginactiat ittwillsios talig es mmkle as three times

h ' .. )
ast holggg,tcgq%?ﬁ ’Sihlggs I%tre%?q?gggxglﬁ %Ill?éaftafawlqt W%Falp!%te%s%h o?the ink 11.
associ ated nomentum has been established. The
overal|l effect of this is that, although it takes
Refeniyey totFogwro 5p) thereliy shofwrl, behemeticilyni ealr of adjagent waoik odlls 1.1 and

.1 froma ti when t i r buphbl sent a
13, Gt T S oot e 1 n @t dieh 1B NoTRAC br &rdB 16 as
bl jdBied. SndBiaf &f thklrRdt 1.3, dffek @@rdp sMalllef Gsttime hbs B&n el] jected. In
doeS not take as nuch as three tines |longer to refil

thetvesaefahlarger diopakfyl theowyagurg of the ajsdaibble 7| thardis §0rmed inside the
r 0 I it I t
Py %fgfgm %ﬂ?@%fe%% lgrig %ﬁ it tlﬂ%]géjsl \% gﬁ' bﬁﬂﬁﬁ e721 tﬂ\é\értthgs Fstied after
tleel sanst voldMe dedpigs beemgectaf frsmlthelnomiesd.2 af theathdr @as tell 1.2.
90% of 30 which, by weight, is constituted by one or
nore periodic el enments having an atom ¢ nunber bel ow

’[‘Eg Pi E‘r r@i\}ﬁe%‘f’ﬂf‘edanemﬁé TERkhd WGt AOM FesWRd S grbster surface

ile 1 n anot enbodi nent the atonic
tangiion Ifdsrce s7hinhl tonds28 dranCihz ka1 R 4810the PEfill paszae® ©o/aEBhe nozzle 3

argf Th&)ﬁpﬂ@rﬁﬁqﬂ?ﬁﬁ@gﬁqﬁﬁt%@hg Elnqr(g\%gg nﬁglr Sgln‘?esf,f??gtto a sfisorter refilling

tihiREA S fHRI BalBES7. E RETIRY it réach@GitdgRIddsPnaftld 578, Whére the condition is
tenperature of the heater elenents 10. This is

sivalea tstbat iaghendjacepbunihetdl Is2.do thip yonditinse thaghamber 7.4 of the unit cell

5 e LR8BSR GPAIA gt

tiRtreAB spded AtRah s degh ¥ved t‘ho i1, bt thisGthigeewh®T thisedoaddiyn tivreached in
rai se the tenperature, theretl\}/ll nduce such
+

thetignié 9@1 by fewof hnwdanﬁeéhee‘fham e FVigh 1&1%55%%;?‘1% gromentum, has
cl rd,al '

SPEHETMC i o TR B pIBRG R ARG Bmpicy
fillehé¢ etianttee Mg nobzle Bdrfiarh altm’tie WMn thy sir bobble At Iitupkesent than from

tantal um_ 10 _al.um num al | gy X
WHER AR OOBHOR IS oS Tt Pl a%ag%e leiiéathﬁv dimes larger, it
dHésﬁg)t e GRARIR as RS GhiMoARS th ?efﬂTl' tHEChANSerat. 0 ah& nozzle 3.1.

ers 73 and 72, respectively, while the nateri al
used | n the Menjet heater elenments 10 of the present

Iieg%? e ements fs rmed from materials constituted by elements with low atomic-numbers

This feature involves the heater elements 10 being formed of solid material, at least 90% of
which, by weight, is constituted by one or more periodic elements having an atomic number
below 50. In a preferred embodiment the atomic weight is below 30, while in another

embodiment the atomic weight is below 23.
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titaniumnitride. Titanium has an atom c nunber of 22
and nitrogen has an atom c nunber of 7, these
woraioenishs t herefore being significantly |ightRCT/AG2003/001502
those of the relevant prioB3art 15 device nmaterials.
Boron and al umi num which form part of hafnium boride
and tantal um alum num respectively, like nitrogen,
The advaltaiciofallyw lataghit nomberis #las thetpavay ef that Ih@teﬂﬁf}&ivé % lower mass,
of taqlalun1 nitride js 16.3 cnB, while_ that of
apql thergione Ipssienprgy i RPEwH faOﬁ@FS@JgJ@st;emp%rawm the heatercderagnts 10.

T%PS i @@éa"ﬁhé" 2 béu&?er&é(?(f@ thxgwﬁﬂll‘?ﬁﬁQHeS?ﬁtt {eﬁpr%g%ure of an

tride has a dens ppr oxi
arth:het isefsenhalyt ieladed mnhmstaue iodl movbmbﬂmflﬂm muclei iofl éhevatdrhs.
to heat

require approximately three | ess energy
AcEneln P UFCHIES POl Somip it e iR StiG0 M pesby induce such o
nﬁ@l@ﬁsotﬁo%hédt & ol rﬁateﬂiah %vﬁhr diom’ N&vifk héRA&E e8] RaBRG H¥terial having
inamterial at two different tenperatures is

afospy widle Hegltar imycleit he foI | owi ng equation: 25 E=
ATxC, xVOLxp, where AT represents the tenperature
difference, C, is the specific heat capacity, VOL is

Md‘t@nalé/élirwﬁﬂy weaifop thesheh P cld@ifts by tRfmbinak Fatswtérﬁé mclude tantalum
Al t hough the density is not determ ned

aBEyRYE aHe%@r sxagaplp psaddydileydet Preleed) @ml bert%/mnebqrafét(fqr@xample
SRS Sty OB JR80 bin SHEORO ABHAEPERE Dl ey

wéhileehe matesal used in thh ddngjat hwaeer elegiehtsdi OS(EIUBSPIQE?ent WWention is

2004/ 048100, PCT/ AU2003/ 001502, 34 Low heater nmass This
S e %%@nw&% g éh@?ﬁ?sa@cu%gqndﬂas an atomic number

o OHhEQURAGAYBRrdHRbeln ? hgﬁ’ﬂ t)ov 1 'ﬁﬂﬁ@ BEﬁfe rglfevant prior art

each heater element th t

dpdcemmatstialshe bubbl e forn1ng 5 liquid (i.e. the |nk 11
in this enbodinent) to heat the ink so as to generate
bubbl es 12 therein to cause an ink drop 16 to be

Boi @Rt uthHube $hidhBAn &kt BARAHTABoridd hn@NghtA6RT SihERim,
embodi ment, the nass is | ess that 2 nanograns, in

regnestively, Bkoeidogem eraelativelndight matedsls. Hoaveventhe dens1ty of tantalum

I 3 t t her..e nt, the s
RSO B0 s B B PG PR e hpice of
tamcmh) fsWt Esg/amdi must beanse ta@lmm AifedevBa dehéiff ofdpbroximately

et Sy st ens as it results in an i ncreased

ﬂm 41@%%5/0%6 Htanwaypitridsy titanim atiide wahregpire prareximatsly three
titf 188%hb39 t4 Bt than tantalum nitride. As will be understood by a person skilled in

the art, the difference in energy in a material at two different temperatures is represented by

the following equation:
E=ATxC,x Vorxp,

where AT represents the temperature difference, C, is the specific heat capacity, Vo is the
volume, and p is the density of the material. Although the density is not determined only
by the atomic numbers as it is also a function of the lattice constants, the density is strongly
influenced by the atomic numbers of the materials involved, and hence is a key aspect of

the feature under discussion.
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solid materials of the heater elenents 10. This

feature is enabled due to the use of heater 15 el enment
woraioe0islhs havi ng | ow densities, due to the rePEI/AURI0$/001502

smal |l size of the elenments340, and due to the heater

el ements being in the formof suspended beans which

are not enbedded in other materials, as illustrated,
Léwheg¥emmdse, in Figure 1. Figure 34 shows the shape,

in plan view, of a mask for form ng the heater

structure of the 20 enbodi nent of the printhead shown

i.n 4 . | I .
TS SRR s (ORI et ot B BRERL Tk solid
mberialoyf daeli Béatedldntent thatisdeuted iabgve thaboilihg adimt oftheteblble forming

1iqud G ¢ ek g Do PRS0 et i ghle ) S EHOSTH PERDIES 12
thg.nrem & Qs W R dg(g)dl Prode gf@cﬁéd?ﬁ?leés'?ﬁzﬁ{‘lo ﬁéno?ﬁ?qs@ 6

cron outer radius and a 4 mcron inner radius. The
total heater mass is 82 picograns. The 25

correspondi n lement 10.2 simlarly represented b .
In e eiRired et B1e58a55 s lepejlin? ndoeids I gl gibodiment the
mAgds FesP A 308 Picodftthst Al inkQt ARIFGBIHoBEndY tHeqh & @SS than 250
nuneral 10.36 in" Figure 36 has a mass of 225.5
pogragsans. When the el enents 10, 102 represented in
Figures 34, 39 and 36, for exanple, are used in 30
practice, the total nass of material of each such
Thé g5 tfeatttic @BndtButeda Sibeificadt adomttagtovet phor drhigkjenkysieins, as it
(being the bubble formng Ijquid in this enbodinen%) i
respiy injag ingrpased effisiency anpissult of thegedirton Hyeneggy lopfdn heating the
1 : ok o i L :
<SR ARS8kt Bl 0 28,40 ORI 408 ot
eletnent materalk Y1aving idvadénsities,atvertd dad relativelgsmall We of the elements 10,

2004/ 048100 PCT/ AU2Q03/ Q0150 35 th [ duycti
e A hepte SeEisA R lﬂil?%é%&? stspendi el SYiReh R 0t
ethBEfled MRS eChate ARk SfsliBhstiafidS fR cknplReinHighen.

tenperature. Conformally coated heater efenent 5 This
feature involves each el ement 10 being covered by a

F%@g%?‘g%wsg O%h%%’éf:i{\l/ %Eﬂ%lg/z?gvél,gg’attﬁagﬁcgfme Oa{nigncﬂe H%Yér%gucture of the
eftbSUHeANSRHS biinthOad htvntif BikL@s 3. Mk cbilingl g aRIFeGse 34 epresents the

coati ng 10, preferabl is electrically o )
shapn of thedhsater elements! M%hat eatbogimentyit isqew refeared 4o H ¢jpeussing that
hermal co I,V ' ast:he:
A e ORI By BB BEL 7 o RUBRALIR o4 i 34
hasjasich simgié 1dop 49switiEh Bi2amivnehs wikde and 026 micidnEyhiclanitlhasw 6 micron

et anot her enbodinment it is of poron nitride..
0131/ter radius and a 4 rrrﬂ%ron inner radius. ﬁle total heater mass {s 8% picograms. The

corresponding element 10.2 similarly represented by reference numeral 10.39 in Figure 39
has a mass of 229.6 picograms and that 10 represented by reference numeral 10.36 in

Figure 36 has a mass of 225.5 picograms.

When the elements 10, 102 represented in Figures 34, 39 and 36, for example, are used in
practice, the total mass of material of each such element which is in thermal contact with
the ink 11 (being the bubble forming liquid in this embodiment) that is raised to a
temperature above that of the boiling point of the ink, will be slightly higher than these

masses as the elements will be coated with an electrically insulating, chemically inert,
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Referring to Figures 54 and 55, there are shown
schematic representations of a prior art heater
we@k@aos10ll0 that is not conformally coated as PUHAUS®BM01502
above, but which has been 315 deposited on a substrate
78 and which, in the typical manner, has then been
conformally coated on one side with a CVD materi al,
thgﬁﬁlg'%hﬁﬁjctﬁ/@ mat&idt OMhis@Bhting iAGreERAlth REME ek@ht, &t b@l mass of
abové in the present instance, as reflected
mgtetielmaised td thy higherleguperatie., t his coating being
designated 77, involves conformally coating the
el enent on all sides sinultaneously. However, this

CeofmsiRBdoatdtehiRg cléheptn all sides can only be achi eved
I the elenment 10, 20 when being so coated, is a

structure isolated fromother structures - i.e. in the
THRFBR 1 S AN 0T e o RROREpaFioRRyS ating, i

cdafidg having Bedrhaiplivdh enalt ﬁﬁaroef mh:aaelememdaultamemml’y s that thy coating is

R T TR T e T —
héqul Iﬁglg tﬂeﬁn&l% aéctﬁzllt?mh{ &Q@ﬁ'eﬁeﬁeé%m'bﬂglhfeﬁt e?l‘ije coating is of aluminum

I ag rrmalca In“Figure 57. In other words, at iIs
nitridenin anpther @nfoodmmt it izofxtiamond-like edreore(LQ0 aughingyet another

S is entia , that the elenment is fully
e‘&h‘?‘ﬁ%’ﬁﬂ%‘é@%@m{w formal coating along the |ength
of the elenment. The primary advantage of conformally

coating the heater elenent 10 may be understood 30
Referting teffagwnt &4 ahd® ﬂ@f@%\ﬁlﬁ sh@wn sehyinetis represgpigtions ofjgeprior art

hea?er epe“:f‘ndesﬁ??ﬁ \fwhbxgit ffeﬁg% }Pc,ro s %f&%#s@% %lgc?/g'?ﬁ‘uet vxéhrlr%h has been

dé&si\ﬂaﬁorﬂﬁ pasirhted8(and @vhlchf af tire d})plﬁﬂ hemhéry hdtsythen been conformally
constitutes the coatlﬁlﬁ% ?r the el ement on t
qripl,

QARSI Qe sideawith g 5\dp é]ﬁgg‘p%ad P qp&trasfhtge coatlng referred to

oDl Bohsin e ISR seRs Oy TRt 76 ST Ring being

déstgnatad 17y involves paabtedlycvatiheths whaiana be all 8ides asuulltasequﬂly

aseam79b f or TIS seam 79 .CO i,btute a
HR BB TR EoBieEddendila 45 FBf PN BBSHPaBRE T the Séinéht 10,
wREPBHAS So Ha)agai if DERchRE iONBE RS loREr BRbdtRs DY, 18 Belform of a
I ndeed; in the case of the heater elenment 10 of

Su%pgtdeébeﬁm, smibatsBerevibagcessdo eHiof ghe ssdes of theclangento
separate the heater element 5 and its coating 76 from
the substrate 78 below, so as to render the elenent in

Ittlbtb Beidietodd thatustikeeRenbe Rithadatg cesfrmilly ¢oatihg tierelement 10 on
ydroxyl ions may result, even t ho@%g such material s

alé Sdey i @X@e%tth%@r@swﬁ theplernent (Shgpaided peasn) Whigh é@d@%ﬂﬁ% to the
el%gtrocﬁg (19 as Eﬁlﬁ?a?é%p(ﬁ%#ﬁ%aﬁ}a 1§23181 i Egﬁ ' Ig ol?heg‘%fbgﬂso &gt is meant by

annn ar bon
cqiBbfgllyadoating theslérheaivll @ of atl suhae isi, esstiftéallyothhotheelement is fully

coatln 77 of resent_inventio | ustrated in
gc? by the con%ormaf)coatmg along the engtﬁ o?fche ellement

The primary advantage of conformally coating the heater element 10 may be understood
with reference, once again, to Figures 54 and 55. As can be seen, when the conformal
coating 76 is applied, the substrate 78 on which the heater element 10 was deposited (i.e.
formed) effectively constitutes the coating for the element on the side opposite the

conformally applied coating. The depositing of the conformal coating 76 on the heater
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56 due to their desirably high thermal conductivities,
their high | evel of chem cal inertness, and the fact
wo bat/osdiey are el ectrically non-conductive. AnPCTI8D2003/001502
suitable material, for theseé purposes, is boron
nitride, also referred to above. Although the choice
of material used for the coating 77 is inportant in
elEﬁEﬁ'ﬁ 100QhikR iR G HuRY istishok e of U8d fuBGkrAE 78 GE4MB G2 seam 79 being
characteristics, 15 materials other than those '
fomerdi Thisgeamfi8 m@ytdoegtlmta\aemahuppam wherp grides and otheramdesirable

i nst.ead, . Exa inter
ol e B PR R e L0 g s
cleReM TPGHFiBlire®SPEnd1s3) Q@ﬂr@@&ﬁﬂ@is}boﬂﬂm&éﬂ toisBpdriate he heater element
used in a printer systen1 The prlnthead assenbl y

and ise¢ating 76 lﬁtspab%le subszatselS b?io“prspr@ﬁ tersaderdhe Pleelentse the form of a

C
R TRRRCh R RREL MR N P ERLRIL LA REGE Lty s
cqfld hbiepdnéﬂrai’tb Itl&mﬂ:tuaIZﬁlamhabof(the t:ozﬁllngv%) or ozﬂthdﬁswsﬁrate 78.
transistors, drive shift registers, and so on (not

shown), included on the same chip, which reduces the
THY PR mGRRAEE RS, & %%15&61 RRidb B?dﬁﬁioﬁd lik¥lchon (DLC)) are
reference to Figures 58 and there is shown, in an

suitapledibe dsevindhe eomdormahoreting Ioﬁ d@d)reseet/mvcré@p@e ullluﬁéfla'gﬁd in Figure

R TN I TN R -

aftBthd fEd itk thePhrdelbotRbAR! nodioRdaGseMRhotherdhitahle tna@esm for these
that shown, there are 7680 nozzles, which are spaced

peposEs, SO mmd@bal@o woferradrtp aboveg Aihomgh theaheica of Bgtesil used for
the%%%‘pr‘i’%%c" gpﬁportﬁﬁ in re %H%n%g 'a@hlgxgllp% ?160 §1?erﬁﬁ;%?%>hg€%%%h5ﬁctenstlcs,

erent ors or
nﬁ%ﬁl&ﬁﬁ&@@arﬂﬁﬁﬁhﬁﬁ{bﬁé& GiilpRthed Ravd dulitabdie haragedisticgdnay be used
ci rCU|t board (PCB) 82 is electrically connected to
instpad chip 81, for supplying both power and data to the
chip. The chip 81 is bonded onto a stainless-stee
upper | ayer sheet 83, so as to overlie an array of

pleS grivieeinbsiwiiich the peltieadBaselli p 81 5 itself is
ti-layer stack of silicon which has ink channels

(not shown) in the bottom |ayer of silicon 85, these

hannel aI [ ned Wi e ho .
Thg S o A G 20N TOHPRREOR S RHG R Rt g i s used
i BbfinteL HGtdM. The Iﬁﬁﬁ aliaBReh By, itsbl€ intlddds :ofunitee of pﬁ?rhtﬂead modules
of the stepper t is used to fabricate the chip 81. '
8Ghdhesesperiseare described bdleinel s 86 (only sone of which
are shown as hidden detail) which are etched on the
undersi de of the sheet as shown in Figure 58. The
Rehating bAeBotohipme d4athe atraywof sarzles 3 shown is disposed on the printhead

chip (not shown), with drive transistors, drive shift registers, and so on (not shown),

included on the same chip, which reduces the number of connections required on the chip.

With reference to Figures 58 and 59, there is shown, in an exploded view and a non-
exploded view, respectively, a printhead module assembly 80 which includes a MEMS
printhead chip assembly 81 (also referred to below as a chip). On a typical chip assembly
81 such as that shown, there are 7680 nozzles, which are spaced so as to be capable of
printing with a resolution of 1600 dots per inch. The chip 81 is also configured to gject 6
different colors or types of ink 11.
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that their ends align with holes 87 in a md-|ayer 88.
Di fferent ones of the channels 86 align wth
walpdoiessami ones of the holes 87. The hol es 87, PCTAUR008/001502
align with channels 89 in &7l ower |ayer 90. Each
channel 89 carries a different respective color of
i nk, except for the last 15 channel, designated 91.
This last channel 91 is an air channel and is aligned
with further, holes 92 in the md-|ayer 88, whic
Aflgxibla penter cpatibasd P GRY g releﬁmceﬂsl,y y degrpriod fouh ﬁb’@rgl for

T
sifbthe B RLwERang A6 LR, B s Pl IGEH dHi} B clalfges-steel
upper et slidees3 so Bmtbrovpﬂretan arag odholgs 84 etchedhin thrsdrheet The chip 81
therefore in fluid-fJow co ni i on the ajr
ltéfﬁgﬁﬁérmlyl layeg stacl, gf %Qrww%nﬁaﬁ IS\QAP?Fe*hQ"Yn) inghe pestom
33 nid e channel s
9 anélll&%annﬁﬂgs 1. ﬁg@?@}%ﬁﬁ%ﬂ?ﬂg&; ggle%fgf] from an
air source (not shown) enters the channel 91 through
he, r evant hol 8, and. hen sses t hr
The e X 5¥ Bftog Sty T S ROt S PORETH 15E Bl blinin o
dstBRkihed t@mdidﬂmr th®Reld B@ﬂfé%'te a8kt 19 ﬁsedrtﬁf‘iﬂﬁfcbte\tﬁé dhip 81. The
and is t blown into the side 99 of the chi

shest &hbrwchennelr $ooniyheme qftwhieh frg rsb@\@n avhidden dewb Whlch are etched
h
o E)Heﬁﬁé%i rsﬁerl)%ﬁe &Uﬁr ﬂov%g iln %(thl%hj 8¢ u $ ﬁmmaﬁ%%e;n[dleaé shown so

€ nozzi es Clear o1 ~paper
tiootieiagds kg with Imslei 87 ﬁfmﬁt}lapas& Dhffasgtonich of thelckan®B 86 align

of the |ower |aye to the_ channel s 89 nd then
wifhdifepnt Qnsp ot B Gelendy o 3hg oles Kpin BirB.jiepas ' §9'in a lower
PO S e G T i

chdmmnl, tlbsignadga 210 lsd ka‘stsch@ﬁ;el Pbis |ait d:tfanneﬂlapd &]ahghed with [further

b t that th t f. t h
hiefee 07 e midgeter b Wi 5t B BHEaOy gt oot i ndhupper
1dyef sHeBESE %@ﬁ@re@%@)ah%ﬁ@ W G AR phikoABIk16ts 05 '1r§a top
passed to the chip 81 i nk bei ng dlrected to

chigle! laperAdeso hat thess mﬁtqr art§\e 20 gagdoxgh, @od therefore in ﬂu1d flow

R0 F e Ra 51 HeSimrsrape ipl B8y und

59 is schematically shown, is now referred to The

center layer 102 of the chi p assenbly is
Tha deveertltyer 76 Bes hndesA3apering iptedhe chasnele ﬁ%ﬁ%cltﬁm@le‘?l Compressed

fi ?ﬂefe‘a%,l[r)li frdm \}a\ﬁ ag's&ﬁgé t FI}JJ&@'Q ?ﬁﬂ B¥eh Qlf ot tlﬂgf)u%g ill?e relevant hole

con nOZZ e guar
98 aildl then pdwesfthxlotlgt the Iﬁle@ @mahé 93 eﬂd allots A5pirkhe diid EayeesB, the sheet

53 9t Braup SEATOEH A DD RFRGr YR then PIfesy K] 68 sidg P9 of the chip
al nEﬁ)ﬁ y SSHom WSreliQWEErcb AR 2110, tlhﬁ)u%fl aSlobA16 ggarariﬁl B@$ch covers

channel's etched in it. These Ink channels are
the nozzles, to keep the nozzles clear of paper dust. Differently colored inks 11 (not

shown) pass through the holes 98 of the lower layer 90, into the channels 89, and then
through respective holes 87, then along respective channels 86 in the underside of the upper
layer sheet 83, through respective holes 84 of that sheet, and then through the slots 95, to
the chip 81. It will be noted that there are just seven of the holes 98 in the lower layer 90
(one for each color of ink and one for the compressed air) via which the ink and air is

passed to the chip 81, the ink being directed to the 7680 nozzles on the chip.
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aligned with the holes 84 in the stainless steel upper

| ayer sheet 83. The sheet 83 receives 10 ink and
weopnedsed air fromthe |ower |ayer 90 as deseeT/AE2D03/001502

above, and then directs thé8ink and air to the chip

81. The need to funnel the ink and air fromwhere it

is received by the Ilower |layer 90, via the md-I|ayer

Firao0] it hith al sadesFie® 3f tHe pringhead nfddakeesembly 80 of Fisgures 58 and 59
because it would otherwi se be inpractical tqg al

is s¢bematicgly shave is goreBdTresktoy dhg c@rﬁ@n lpyesd 92 p@ﬁlesthlmsmnbly is the
layglew&%r %ﬁer 76@P%§§%%éﬁ&? a%‘géﬁlg%% t%gafé {:‘i &uli]!ﬁy ots!ecfl)ﬁl% top layer

of thgichipedssensiiy, valiibie constmmsl the yoAzteoguaschbyin ):naibdxssethe filtered

the layer 1 2 of C enbly 81. The [ enbl y
cerpressel g de 8 Byedif @saSife eIhE n%%@#&%@@k&g fihage

Bite@5éheaBul Ir%/'lﬁ/ac&%h% dBar IR pERPWYst107. _To ef f ect
%ﬁé eencgpsuﬁ1 i ng, 5%?&08 IS g&gV|%ed Thi s
all ows the epoxy 107 to be applied to fill the 20

TR e s oL GCR R DR GRS CEREE Bc) ey nncl ar

aﬁﬁtféd%ﬁi(ﬂie h@l@s Basn e sAaNad stebl ufpePlagr shedt!3. VFhre%heet 83 receives
bondi ng structure from contamnation by paper and

ink and, compeespadoin e Waglowgr layeriGastdesqribred rabowg andthen direets the ink
agc?alri t?lﬁ e%lg%és % e%ﬂ&%ﬁrgél 1;11¥ ﬁn& e@éﬂérg gltelgl receﬁf\é/d by the

a pri 5 ‘asse

@t ¢dyeE OMPANEB insid-1Pyer B8 ARAdpHed MeﬁSﬁﬁﬁtﬁHﬁhp%Sse&%lﬁSl is because
descri bed above. The printhead assenb

itowrd gibeerise by imprastigaltpialien therlange @Pmbers(a’ ﬁ?@kﬂféfe%%m%&@"mes 3
t nbly 19
it (1o 5 sk URERBRE LS T e 1BGGNEAGSE, BooeTD Y 10

80, which 30 are glued onto a substrate channel 110

0 Sk Sl S B Sn B b5 S4Bt

off 'tlféelﬁ?érq 03 biehip %%eﬁ’ﬂbg)@ dethd @ip aRehYIyId18s @on&@dftfyesﬁl%t 106 onto
colors of ink and the conpressed air"'to the chip

theR(dprilcx and hese wineseare thed edcdpelaied iran moxndé)é Tozfiest this

cHrlfcietl R o8 0B 50035k 160 B bty iegs wralbdh m te

spdte beesn fel®em 1B3ndhesE elip assmegesm 88t tﬁa ik @06 e embedded in
present when the hose 112 is first connected to the

tistapane) Onadhe BRAXYal0d s hardenadn peaieqtethepirelgndéie structure from

cTfpblon B oqRy S Affronl e GyaBlalRIE U2 28"

QUIdeS to fix the p05|t|ons at which the holes 113
are nelted. The holes 113, when {he printh
Retesangiofigye 64, heedssiotn Schpgafeply a0 SRPIGE view, a printhead

aSRABHWN & i @nclkidd, BAbES othdicoYonbits, Frfehed® module assemblies 80 as

described above. The printhead assembly 19 is configured for a page-width printer,

suitable for A4 or US letter type paper.

The printhead assembly 19 includes eleven of the printhead modules assemblies 80, which

are glued onto a substrate channel 110 in the form of a bent metal plate. A series of groups
of seven holes each, designated by the reference numerals 111, are provided to supply the 6
different colors of ink and the compressed air to the chip assemblies 81. An extruded

flexible ink hose 112 is glued into place in the channel 110. It will be noted that the hose
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the groups 111 in the channel 110), with the hol es 98

in the |lower |ayer 90 of each printhead nodul e
w@s®enidlyo 80. The hose 112 defines parallel cheefais003/001502

115 which extend the | engtB9of the hose. At one end

10 116, the hose 112 is connected to ink containers

(not shown), and at the opposite end 117, ¢there.is

113 invindeschodesdi 3 ihetine Thesesiades 3 mrand pregepichensthe desq bl 2 is first
| th t . .
oot R LFAEYOTh 35 A EAReeby bIFpLESRngpy fornga o

wiBaftihre 1A& sBoen ssigh 1Re haledl 115 whinhumdesaberpsebecds guides to fix
plate for these. The channel 110 and h?ii ]]%9%‘1 in, d
thepepitionsas mhigl 1Bs dales L b eis meliedaddie Apley 1 150vhi thpprinthea
[ g 1edSmak
ospBbYID3 s PR, b B GIAL AN bopml B 0L VB HASS PSR amaleeup
thd@reuparidl yn e tchahiehl 0)awith fzFodds I8hie tiehlameelayed ) ofieach
l.ocate the chanpel_ and plate with respect to each
P%Wﬁ@ﬁﬁnQ@S%ﬁ”@% W&% on 124 is provided to locate

copper bus bars 125. Although the energy required to

operate a printhead according to the present invention
Thehase 132 definesfparaiightttanuds [l biwwhichtetend thealength of ithadtpse. At one end

rnmal ink.jet printers, there are, a t.0

1l BiRpon o % i ShnBi bR cop e (R Sudteh L e fg end 117,
tHRRPHE PYdvidddel cha@d ekiriisn E4pel 18UWhRh sefvesizthg et Hiadretar dose, that
typically found in typical printheads. As the nozzles

eyl ¢fihe hesepr esent invention may be 25 operational (i.e.

may fire) on a continuous basis during operation, the

total power consunption will be an order of nagnitude
Ahethktop siggort flatke 119 seppolts knd luvates thretdhemctd 111G hased 12, and

SqEHR 31 heHePIBviGr Tthns LERHeBRe 14p e Basti1a eyt i fidssure onto
afy 5&@1&1}%@/;1 ggﬁ%ﬁ%%‘gﬁd@?ﬂ@i plif8d cikhak. e glﬁge T3 tabs 121 which

K
print usbars " 125 are suita for
epend/ thioupt notthes 12%hindbevdownwapdlyr extending walhi2 hefthe ghanael 110, to

| ead 26 30 sol der to them ressi bl e conducti ve
10§?§eif§%g}f§17€§P p %Wﬁgé?fp?‘ét%sﬁf&i%fﬁh contacts 128 on
the wupperside, as shown, of the |lower parts of the

flex PCBs 82 of the printhead nodul e WO 2004/ 048100 _
ARGRINER0024 Brevded wloeate eanmer bis tBos 120 eAltiomgh ghe energy required

AU A e PR TR M PO g v

thnshaoF kil tHetndl ifl0 ot biinters) eHetart heotal ¢fl gpoutlEBI000smzzles 3 in the
that the contacts 128 are posit.ioned below _.and. i

peiatheadarray, e thisis apprpxisaately 260 Gimeg te narbeg of pozzles that are
t}%)?%ﬁgl ggﬁdeaglﬁqyﬁ@ﬁ pPhfeRak LAV AU aB-Z180d & tROPRE&H iRRGtid Ray be

operational (i.e. may fire) on a continuous basis during operation, the total power

consumption will be an order of magnitude higher than that in such known printheads, and
the current requirements will, accordingly, be high, even though the power consumption per
nozzle will be an order of magnitude lower than that in the known printheads. The busbars
125 are suitable for providing for such power requirements, and have power leads 126

soldered to them.

Compressible conductive strips 127 are provided to abut with contacts 128 on the

upperside, as shown, of the lower parts of the flex PCBs 82 of the printhead module
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schematically by dashed lines), which are |ocated on

the outer surface of the PCB 82 abut w th contact
WGepwto48180 (only some of which are shown schenetT/aabkdog)o1s502

on a flex PCB 131 which, “4fh turn, includes a data bus

and edge connectors 132 which are forned as part of

the flex itself. Data is fed to the PCBs 131 via the
ascipbliecsiiin@be BEBs B3 2xtehd frnmibe ahippssdnebl 8 81j arowndothe deahnel 110,

ot it, et her t chan 110, .can, kee .
Dt R 1 Do EmErE b SR A4t A 20uBRDpeSHne suips 127
sé @@ethBebntadtd 139hR PoSigiBhsl bdlbR, MR esﬁta&mﬂi Ricd $498:5127.

tw st tabs 134 which extend t’hrough slots 135 in the

pl ate 133 when the assenbly 19 is put toget her, and

B R B2 8 bl St R o R P o Balefea

séHefatical iybyVdyhedf 1irfes)y Wi h ar¥idchtet @helienaer §11@fa5¢ Qﬂthe P@& 82 abut
the printhead assenbly 19 is shown in_an assenb

withgpatact sprisdA6 (emspag §§Whlﬂhraf%$}@“§1ﬁ§b¢m@§auma0ft ﬁﬂex PCB 131
SR A0 FlohEEs BRNES ol BB, (28 6B Bpart ot e

fled itvdla DdreisXed adihe POBIISE tvia the dZe colnectprs I132head chi p
assenblies 81 are | ocated on the el even printhead
nodul e assenblies 80, which include the PCBs 82.

ANRLat 1%11&9 189 hsep?o%ﬂd §<‘S Ehant Q‘égcﬁ& Wit tHERHA AN 910, R6n keep all of the

printhead assenb eina printer (not
cghpenehts of e mﬁﬁb&aﬁuammbém g@ gothet. hla thisiregdnéabic elmadtil 19 includes

19 d by.th .
el AR Hend e it rERe Bl oog B HEmudBly 19 s pu
tdgefhef, ahd arettRer iwaste € tHGught fcmmﬁtemgr&@ I?@Ei&: ér dhdny from

a cross-section through t assenbl ed printhead 19.
being wiithdrasn thipagh e dotdn of a silicon stack forming a

chip assenbly 81 can clearly be seen, as can a

| ongi tudi nal section through the ink and air supply

Biagsy o¥Quiindry, Aithorefdr@Re té Bighe6d, shd frintidaidtassntblpl9 isshown in an
conpressible strip 127 which makes contact _above w

th
agspabled state dnlqansl coarmeaﬁ%d FhAsR sEppliadevis thgdiosp bt atolf36apower is
SO e R e e O BB QG plee o 1 via the
edge donmeates 4B2. V‘DléZﬂﬁlﬁhéh@&ﬂ:QﬂasﬂéﬁibM()ﬁé 0@4fe02n thleleven printhead
1 s0o be, se ding their tw sted
“E’éﬁfﬁ ?ﬁ“‘g’thle% }Bgli gl?f‘%@g? hg dashed |ine 139.
Printer syst em 5
Mounting holes 137 are provided for mounting the printhead assembly 19 in place in a

printer (not shown). The effective length of the printhead assembly 19, represented by the
distance 138, is just over the width of an A4 page (that is, about 8.5 inches).

Referring to Figure 69, there is shown, schematically, a cross-section through the
assembled printhead 19. From this, the position of a silicon stack forming a chip assembly
81 can clearly be seen, as can a longitudinal section through the ink and air supply hose
112. Also clear to see is the abutment of the compressible strip 127 which makes contact
above with the busbars 125, and below with the lower part of a flex PCB 82 extending from
a the chip assembly 81. The twist tabs 134 which extend through the slots 135 in the metal
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Referring to Figure 70, there is shown a bl ock di agram
illustrating a printhead system 140 according to an
wepdvamistent of the invention. Shown in the bl oP&I/AU2003/001502
diagramis the printhead (He&presented by the arrow)
141, a power 10 supply 142 to the printhead, an ink
supply 143, and print data 144 which is fed to the
llafei 13Bheadlsadeistenejrehiding thir twistedl4bnfigurbtiory répn¢sented b the dashed
in the form for exanple, of paper 146. Media
1@?5ﬁ%port rollers 147 are provided to transport the
paper 146 past the printhead 141. A nedia pick up
mechani sm 148 is configured to withdraw a sheet of
Pehyer spsteni rom a 15 nedia tray 149. The power supply
142 is for providing DC voltage which is a standard
type of supply in printer devices. 20 The ink supply :

f’rlugsjtgf t%ler%%g o%esllalé)gl? %aﬁéﬁﬁpﬂ; g;rg C?té%ﬂ'hlgetﬁh Is¥stem 140
aéb%ﬂimgﬁﬁcamterﬁﬁtﬁhmah oStEnhyentioich as t he anount of ink
remai ning. This information is provided via a system
controller 151 which is connected to a user interface
inthE bl i MR iR MTReh
SR i OHE blok AR 1o B o LRtk SRR LS e o) THTRBbwer
suppiyg B4 200 whapretithad twink sapplyd 46nand1ﬂrmt dytatlémwmm is &d torthe
25.151 al so contro a m)t ovi ded f.or
prrtheadas 1t Fecty g at}p eRmﬂy? g T elfzgn HEXAmR}e, gf Daper 146.
154 for driving the nedia transport roIIers 147. 1t is
necessary for the systemcontroller 151 to identify
M;vldertr@sgme witllesf 147ag5e provifgdite trmppﬁghe p’:ﬁ)@t 14@past the printhead 141.

Crlé B{ec tqﬁpﬁéldhﬁ?#@t ]PL% Q%Q%ugeggco ga[w ﬁaﬁ%f Bie}gapglt 146 ¥om a

m‘éﬂﬁ&j_-afyllqgtl me that has el apsed after the nedia pick up
mechani sm 148 has picked up the sheet of paper 146.
Preferably, however, a paper sensor (not shown) is

T@éﬁg Wel ?R%Mw%qs Fo ?&Hﬁﬁgp@}/&%ﬁ% 2(?115}13’1 é%r ea&lﬁttg&' Af%ﬁpply in

peiftet @dvicag0si ti on reI ative to the printhead 141, the
system controll er can effect WO 2004/ 048100
PCT/ AU2003/ 001502 42 printing. Printing is effected

T 50 R o TR ol Sy s o

1n1fbﬂr1hattohm1ﬁfb@rpeo‘bé€‘h laptiﬂ; pladug thet ink suprity, sugts ascthe amount of ink
cont.r ol 1 nust. al so t.eract with

et AP iBBEs B e A C a5 194 COMEVIT A8 PSR pomected to

a%ér%ﬁt%ﬁhcecm ulttermt%ﬁ@ée m&mballl}%lﬂ@ﬁisflﬂ adfumbzBof BMdns (not
may be transn1tted via any of a nunber of different
shovmesich@n affpans bugoehpage qgivg;gg” button, an so on. The system controller

151 also controls a motor 153 that is provided for driving the media pick up mechanism

148 and a motor 154 for driving the media transport rollers 147.

It is necessary for the system controller 151 to identify when a sheet of paper 146 is moving
past the printhead 141, so that printing can be effected at the correct time. This time can be
related to a specific time that has elapsed after the media pick up mechanism 148 has
picked up the sheet of paper 146. Preferably, however, a paper sensor (not shown) is
provided, which is connected to the system controller 151so that when the sheet of paper

146 reaches a certain position relative to the printhead 141, the system controller can effect
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connection, an ETHERNET connection, a | EEE1394

connection otherw se known as firewire, or a parallel
w@emnedtipon. A data communi cations nodul e 157 pCDXi2®3/001502

this data to the print da#a formatter 155 and

provides control information to the systemcontroller

10 151. Al though the invention is described above wth

prigfieg. cPrédingds sPecied b triggpides wamatglaty formgtier 15§ @hich provides the
plﬂﬁe(ga?c] ?%ﬁg r’fgg p%ﬂtﬂé%oﬁg %ﬂl fh@re%}g b@ %@E&?&d e t}E: system
centesiiel @51 aquMscgilntdrm w&ihahepmmiadﬂ fbﬁnﬁt&r nes.er t o the
heater el ements being 15 electrically actuated,
non-electrically actuated el enents may al so be used in
TR AL A58 SRl G B6RN 156, o
neyrhertragsmijted vaa piyurfal nunybeobf diernteqnnacttbnSmerns) seals bs a USB

cRshh AP ER ot Rl ohad e L S ERRRg s b FEkdpya o

fidevwivd) Bt ¥ pafalldNcoRh&ftioablaeddtd Sdthuicatfths il ME7 provides this data
terrper ature, and wherein each heater elenent is

toxthe prigbdata forniaeentd S andipesides| conpl infrmaliorhtoghe bystsi eontroller
1% rmng liquid, 10 each heater elenent is configured
0 heat at |east part of the bubble formng liquid to
a tenperature above its boiling point to forma gas
bubble_ therein thereby to cause the ejection of a
Aa?he]agfbﬁletnh‘@n&lp@&@é?@qdlaaa\redwxﬂh Felersnce t@ ﬁgemﬁc embodiments, it will
b 95(?&&89&@& 'E}Q)sﬁ %E!&@m tﬂ@grt Ba¢ theriﬁ\%nﬁ[)n ré&)nb'oﬁleg in many other
confl gured such that the energy reqU|re
fapp! Fedxhinpie hbhctughhhmabosa Bﬂbpdlﬂtentsaefeat@shhe heater elements being
ect i on of less. than th . .
el Lo abi decsm Tty el Bmen ravtiocs vt imgembodiments,
widkApptdpriatdle vol ume of a said drop, froma
tenperature equal to said ambient tenperature to said
boiling point. 20 2. The printhead of claim1 being
configured to support the bubble formng liquid in
thermal contact with each said heater element, and to
support the ejectable liquid adjacent
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each nozzle. 3. The printhead of claim1 wherein the
bubble formng liquid and the ejectable liquid 25 are

w@tooa/oesinoron body of liquid. 4. The printhead PET/AU21081001502

1 being configured to prin#3on a page and to be a
page-wi dth printhead. 30 5. The printhead of claim1
wherei n each heater element is in the formof a
Audpthded beam arranged for bei ng suspended over at
| east a portion of the bubble formng liquid so as to
be in thermal contact therewth. WO 2004/ 048100
1PCT/ A@Qﬁ%%ﬁﬁ&,@;’d cotfprisingThe printhead of claiml
wherein each heater elenent is configured such that an
act ualwplityedpgizlest atdess t han 500 nanojoul es (nJd) is
requi t [ t . heat
that *hiEay she BRfRRE hERel Ak IR bp PR RYige B} GRERbAAR, (0T
I Nt kéhekidhtileerintiend tonfigwrud o febeivebyuppby 6fatsgedtitde liquid at an
a%jgecti on of a said drop. 5 7. The printhead of claim1l

H9F fegmsrpturesidsYRes’i® on which the nozzles are
di sposed, e osifizhicAliemBa Baficd Y00l & titthaREehtact with a
wher ei n each nozzl e has a nozzl e Taperture openi ng
t hr ough t bebidelfstriesg kqwdyr f ace, and wherein the areal
density of the nozzles relative to the. substrate
surface exceed§2Pdegpelsmsy 1§§°‘bf[égm tt?zi}e@tagi‘?agfpmo“hebwble
substrate f&‘ﬁﬁﬁ@ﬁ?&id 10a BmpEhfuabbvdieasbiRig ?diﬁt! t8'fdrm a gas bubble

wherei n each heater elenment has two opposite sides and
i s confi dghereid thanehy to kause sheseipaliogad alditibeihe ejeetablebiguid through

t hat heat% ceolmeegneorﬁtdini SnOfZ r_me% at both of said sides
of that héater &fenemt 218 E¢ The printhead of claim1

wher ei n the bulbldhehealet clemenicib chefidueed Sick eI thel éhergy required to be
configured to formis_ collapsible and has a pqint. _of .

col | apse, applipdihepieitp heat spidipetiie cause themention §f a said drop is less
configure [ | I

Formed ¢ noyLige PR ki s ol bAPRFeSftae AR ual to
10. The pthendhaaeodd said diop) fromanpmpaiatuge equat towsatdangbient
formed by chem cal depopsition (CVD), said

vapor...
nozzl es bé‘?rﬁ%er‘?‘tﬂ’te&?ﬁﬂﬁgf”é’&gé’ﬁlnﬁ'he structure. 11. The

printhead of claim1 conprising a structure which is
| ess than 10 m crons thick,
2. The printhead of claim 1 being configured to support the bubble forming liquid in

thermal contact with each said heater element, and to support the ejectable liquid adjacent

each nozzle.

3. The printhead of claim 1 wherein the bubble forming liquid and the ejectable liquid

are of a common body of liquid.

4. The printhead of claim 1 being configured to print on a page and to be a page-width
printhead.

5. The printhead of claim 1 wherein each heater element is in the form of a suspended
beam, arranged for being suspended over at least a portion of the bubble forming liquid so

as to be in thermal contact therewith.
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sai d nozzl es being incorporated on the structure. 25
12. The printhead of claim 1l conprising a plurality of

wmomaheiehanbers, each corresponding to a resperAU§®3/001502

nozzle, and a plurality of 4¢ai d heater el enents being

di sposed w thin each chanber, the heater el enents

W t hi n each chanber bei ng forned on different

6r espdbe pmethleaye’c‘rcéalmol wheremrratihbeater3tenait 1smeﬁguﬂed shaeibat an

claiml ch_heat | ement
o for e S B 0SB g Py Bl St eater
eRhRAOI HeaNthat! Heate BlstnlehiHubiki&itlyab for@as bai@Bebhle i 1 ibabble forming
el enent havi ng an atom c_nunber bel ow 50. WO

ligwid Aheral®) BoapEThagipcosy @ssidrons 14. The print head of
claim1 wherein each heater elenment includes solid
material and is configured for a mass of less than 10
7nano@haprnihbad siclsm § commistig @substrate batwhickathe noﬁl«:srmm tlisposed,
to be heated to_a tenperatuye above sajd b0|I| €0|nt
th@rﬁ@bewe beyingeaubstintg Swéfﬁe, BhereReahBHAS g paoRd] Rgperture opening
tﬂrb %Qosﬂafeesﬂﬁ%éa%#ﬁ FhabR ﬁe shicdieRgt 53) 6ﬂﬁe RIS rEthwe to the
ca e e ejection of a said drop. e printhead
svﬂjstmteesiurfade axlcedds i1 A,000 abzAhesgice squakeere of substrate surface.
substantially covered by a conformal protective
coating, the coating of each heater el enent having

gbeen Tapplih@dad StSHANhakineat®hédtdr chdrbles hes t\xtd"(ﬁ)pbﬁ?é $des and is

el ement “sinul taneously such that the coating is

10
corfigiretssich gt asaigiganbehblefpsmediby thebhesterelanyt i formed at both of

sﬁdsﬂiltesoﬁ%at N&. @{e head conprising: a plurality of
at - one respective heater el enent

corresponding to each nozzl e, 15 wherein the printhead
|s conflgured to.receive a su pH% of .an ejectable

91 i quitde afinthgad ofghaiank whergindhe plttie which eqpfeheaiss clomant is

&ﬁ%u%d ) fSHnE ﬁtco'l%%%gF QH(?%% rﬁf 1n1]kb?'cglﬂa s8 ea?ﬁ& 1n each heater

eh:h&n‘erstconﬁgwedl $uichy uilee dhd‘pl)lﬂﬁeﬁtcoﬁztpsb efis buljide formfed ﬂhaeeby is spaced
bub mng liquid to a tenperature above its

fi9g1 § ?%eaﬁé?{?fne% forma gas bubble therein thereby to

cause the ejection of a drop of the ejectable liquid
t hr ough
10.  The printhead of claim 1 comprising a structure formed by chemical vapor

deposition (CVD), said nozzles being incorporated on the structure.

11.  The printhead of claim 1 comprising a structure which is less than 10 microns thick,

said nozzles being incorporated on the structure.

12.  The printhead of claim 1 comprising a plurality of nozzle chambers, each
corresponding to a respective nozzle, and a plurality of said heater elements being disposed
within each chamber, the heater elements within each chamber being formed on different

respective layers to one another.

13.  The printhead of claim 1 wherein each heater element is formed of solid material
more than 90% of which, by atomic proportion, is constituted by at least one periodic

element having an atomic number below 50.
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the correspondi ng nozzle; and each heater elenent is
configured such that the energy required to be

w@pphioesdod hereto to heat said part to cause thBCT/AU2003/001502

ejection of a said drop is4bess 25 than the energy
required to heat a volune of said ejectable |iquid
equal to the volune of a said drop, froma
tenperature equal to said anbient tenperature to said

il j.nt T t f clai 6 [ . . .
T O A R D R ———"
cohfgured fo? @A bf kg thae G Rasdl fnd\@BhE Eol R BARAAL ofahd hefer element

ort the ejectable |iquid adjacent each nozzle. WO

tobohselbio0G eI SUSE 564 Boling ot fherdtydodysivsi it of the bubble
f&ﬁﬁh@é@g%?aﬁﬂ(}réﬂﬁ a%8$§%1?% %&é_ﬁoﬂ% 5%181%9 gli,lge] tlﬁg gjetagg“rigf_ a said drop.

ej ec are o
The system of claim 16 being configured to print on a
page-width 5 printhead. 20. The

age _and to b ] ]
15 ygt & Bﬂng’le%cf ﬁ%a clgmph wheteH ¢agh hegieralampent fesRbaentially ¢pvered by a

r . . )
T R B o O oo LAl Men spplied
sfilptantinldy td gjlsidessd thealseaten elemennsitrubinmmiuslg anttaibht the coating is
therewith. 10 21. The system of claim 16 wherein each
S Br element is configured such that an actuation
energy of |ess than 500 nanojoules (nJ) is required to
be applied to that heater elenment to heat that heater
18] enévprindert dypigindneqrporatng o printheadaithe iyintlistad comptibiog:
bubbl £ .quid thereby to cause the ejection
of a® g% 1 ng9m%%’%§g The system of claim 16

conpai lsasiOnerespdisive At Rer@lenidiit ebrréPending & &khAbEle,
di sposed, the substrate having a substrate surface,
wher Sihgreanibg Prgteadisasligud ioteeciype Funpleobaregiegigple liquid at an
ax%BfeﬁHQﬁmp%%@urﬁ%ﬂ%&%&nsurface' and wherein the areal
ensity of the nozzles relative to the substrate
surf ace exceedsachthefiedelameat ie srriveged $ortrirg i@arth@fal contact with a
substrate rface, 20 23. The system of claim 16
wher ei n eBE#PIH g ¥Whent has two opposite sides and

i's each heater element is configured to heat at least part of the bubble
forming liquid to a temperature above its boiling point to form a gas bubble
therein thereby to cause the ejection of a drop of the ejectable liquid through
the corresponding nozzle; and

each heater element is configured such that the energy required to be
applied thereto to heat said part to cause the ejection of a said drop is less
than the energy required to heat a volume of said ejectable liquid equal to
the volume of a said drop, from a temperature equal to said ambient

temperature to said boiling point.

17. The system of claim 16 being configured to support the bubble forming liquid in
thermal contact with each said heater element, and to support the ejectable liquid adjacent

each nozzle.
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configured such that a said gas bubble formed by that
heater element is fornmed at both of said sides of

wao bat/oksaed er el enent. 25 24. The system of cl ap@1/A62003/001502

wherei n the bubbl e which edéh heater elenent is

configured to formis collapsible and has a point of

col | apse, and wherein each heater elenent is

18.0nf The systens ufdaitnh b6 whheimpibe btiblie foralih@liged ahd shemjddtdbde liquid
f ormed theregghi spaced fromthat heater element. 30

aepedf a-pQEINIQRR ogﬁqE’I%ai m 16 conprising a structure

formed by chem cal vapor deposition (CvD), said

nozzl es being incorporated on the structure. WO

192004Tbd ystgn POTAINURGO DShY 0aEigureditp p2Bit o A @ags/andeimbsfa page-width
Clt?xi nanl6 conprising a structure which is |ess than 10
PHYPYhs thick, said nozzles bei ng i ncorporated on the
structure. 27. The systemof claim 16 conprising a
glurality of nozzle chanbers, each 5 corresponding to

29, r edpesyster ohdlaim £6 whereineash Bieaipy elgment isHy the ferm efa suspended
feuf Btk gy ok Bnl S RPRRAS ovlh bt EBGI R o Bl ing tiquid so
asliof fedn eliirmal @mpecthemsvithayers t o one another. 28. The
system of claim 16 wherein each heater elenent is

formed of solid material 10 nore than 90% of whi ch,

2Py aggmsfstéeif 8PQh 26 whreirF OfRA hbdtet 8mby iéeoﬂflrg%%dssgleﬁ that an

peri odi C ement having an atom c nunber below 50.
a@@atiohrenergyifdess tdfanc08inandj6ulsh 6ripisrequindd th batapplics te et heater

cltepbiodRet B teohemeradie Bria T80 p B0 R dn RigfPubbie forming
lighiatthteR} Bf caBdcAR®Bectickoflasaliedbgat ed to a tenperature
above said boiling point thereby to heat said part of

the bubble formng liquid to a tenperature above said

2501 BRIy b G SRy R s

tHeSsubsthsd Bavingdd subseay etirstepyheéreincaaoh a67d hfsraaioeeleiaperture opening
ating, the coating of each heater el enent havin

s thp srhsEdtesoriase 3nchivherain the eigaldansisy efibe apquwgr%laﬁ_ve to the
r
ST O USRS slibobbubigesahino 1<
ej ectable fluid froma printhead, the printhead

0 sing a plurality of nozzles and at |east one . .
23 o5 pdbt YR aelat L6 sherrin ei5f hedBoridm ey hasbve GPRAHR sides and is
cOEF & sch erABERALaSOUBIE RHirf8d b eha® heRS Pment is formed at both of

said sides of that heater elememt.

24.  The system of claim 16 wherein the bubble which each heater element is configured
to form is collapsible and has a point of collapse, and wherein each heater element is
configured such that the point of collapse of a bubble formed thereby is spaced from that

heater element.

25.  The system of claim 16 comprising a structure formed by chemical vapor deposition

(CVD), said nozzles being incorporated on the structure.
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receiving a supply of an ejectable Iiquid, at an
anbi ent tenperature, to the printhead; applying heat

wep@rgys1d® at | east one heater el ement correspPCALZ08/001502

a said nozzle; heating thda?t at |east one heater

el enment, by the step of applying heat energy, so as to

30 heat at least part of a bubble forming liquid which
26.s i Whe kystemmpf daim kG rompriting b etragture eehdeh ighess hlasat omicrons thick,
sa@%t%ﬂe eemamt toaged erat re above the boiling

6 RG> TR " BUBYRE % ﬁ 8U|d generating a gas

bubbl e in the bubble form ng [iquid by said step of

heati ng; and WO 2004/ 048100 PCT/ AU2003/ 001502 48
2¢ausiThgsystemm eﬁcléum { eoraprasingp phirality of Bozzle ¢hambierse eash

e .

(%]1{) ?g:?cﬁ%%at LIS Juse ﬁc?zr L ﬁr?c?ﬁlg up%%'bp?atl@geagérr aétlcglzi‘%ilttsa @ég}lg%dmposed
wihibrbdaeh chidnatse) the hseaexoblap@its withineath elnattgy beinglfemsedtdnadifferent
t he en?rgy required to heat a volune of said ejectable
resperiva [P ore iRty ol ume of said drop, froma
tenperature equal to said anbient 5 tenperature to

said boiling point. 32. The nethod of claim 31
280 n‘pﬂ“hs systgm bE¢lainel & wihdreilt mh béatbtesiemmg is fdmmed b€ palidahaterial
dis u ormn uid r con

e g RSkttt B affsbi oPorrips.  copotet Biab M GRiban i

eﬂehﬁm&vﬁfy@omhmtmﬁmab@%o. 10 33. The nethod of

claim 31 wherein the bubble formng liquid and the
ejectable liquid are of a common body of quuid 34.

gﬂe i g’ﬁé P}%?errrl? é gﬁ{suﬂé%ﬁ éa%&geegcgrcaem%ﬁtu?crlu e sgl?‘ ity ma{enal and is

configubel fo£ omasd of leg thet 1@)ﬁariogra&ﬁsa>f3h@$blﬂfmae@ddwfm@t hedér element
the step of . disposing the hubble formn

tq bedlﬁa{‘?déﬁ é FPWI?F‘&W@?@OM% &'ﬁtl‘é lamémé RemE thegsby tp Beatispigihaet of the bubble
por t%qo%lﬁ‘@& ﬁﬁlpteﬁbﬁ% or m ng ﬁ%{a&igt L gh&?{ﬁé ej%ctlchn 1 of a said drop.

of claim 31 wherein the step of applying heat energy

o at,least o .2 ater e] enent .conpr.i ses a

30 o, SaTemOEains 16 BRoieech RHLOORIR G D3t g vered by a
gl ﬁit@dﬁﬁf@'boat thyb%a Sl ciPhedtdraiidm it hQ@H%'béecd dpPlied

t he ste of providing the prlnthead wherein

Stphstantlaiéa@ alllrmdqa o theshegieh slemantsimultswvously sadhthaiothe eating is
di sposed, the substrate having a 25 substrate

Se?ﬂﬁ?sgce and the areal density of the nozzles relative

to the substrate surface

31. A method of ejecting a drop of an ejectable fluid from a printhead, the printhead
comprising a plurality of nozzles and at least one respective heater element corresponding
to each nozzle, the method comprising the steps of:

receiving a supply of an ejectable liquid, at an ambient temperature, to the'
printhead;

applying heat energy to at least one heater element corresponding to a said nozzle;

heating that at least one heater element, by the step of applying heat energy, so as to
heat at least part of a bubble forming liquid which is in thermal contact with the at least one
heated heater element to a temperature above the boiling point of the bubble forming liquid;

generating a gas bubble in the bubble forming liquid by said step of heating; and
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exceedi ng 10, 000 nozzl es per square cm of substrate
surface. 37. The nethod of claim 31 wherein each

wheatossiel enent has two opposite sides, and WhET/aUmo03/001502

in the step of generating @gas bubble, the bubble is
generated at both of said sides 30 of each heated

heater el ement. WD 2004/ 048100 PCT/ AU2003/ 001502 49

38. Tansing= drod of therdjedtablaliquis éx s ejectedithrénghdhepozsie corresponding

(S S B BB Blfspl 7 s 3% B ol sTBEhTe whein

shilappliddechepOdntgyoik 160 tHanRBeeretey RhaERTo e ¥dMemabf said ejectable
| east one heated heater elenent. 5 39. The nethod of

ligpigj aqial fo Eherysiymse ahsaithdropy Bpmestemperafuae eayal ipesaid ambient

' | [ formng a structure by chem ca
“%@%%%Egggggpgﬁgﬁ%égg?b, the structure incorporating
the nozzles thereon. 40. The nethod of claim31

onprising the step of providj t he printhead,
3iher dPameHod OJ.fG?%‘Pi el opgs belotesRidcam of Nptiash hecsteps of:
| ess : ] i ; i | i .
o7 ROy pE e DB B e e o e YRR YRR Blcfcnts; and
t he pisporimetie cietabie Iduid adjpcont tie nogded. e chanber s,
each chanber corresponding to a respective nozzle, the
nmet hod further conprising the step 15 of providing
38he mhé HefRAb AcEmUi Wigkréif ihd Bilbbe PlHnalHquid £ thekidetable liquid
heater elenents in each chanber, such thgt t he heater
age of geoepngnrbasty lighishber are forned on different
respective layers to one another. 42. The nethod of
claim 31 conprising the step of providing the
3pr i nTheatthodhichiim 3120hepein RadttiRda cRhefeRtn e 6% 6E8suspended

of splid materjal nore than 90% of which, by atomc
bf%ﬁg? wethed fidher sauprisigedaioso e sfppiapplyinglsel ey, the step of

d%h?ﬁ%ﬁ‘dﬁgpﬁgl{ﬂg?%ﬂg%gmﬁid%u&wﬁggﬁe ﬁ@ét%lerﬁ lts @ g’r%ipog_i'ﬂgned above, and

ereln ea eater e
irl thetnoad esntsct] with, mhteastiaglortiordof tRSbutibde feirmirtghléyusd.ep of
heating the at | east one heater el enent includes
heating a mass of |less than 10 nano grans of the

350 i GnaRicBIaA)f cRimSAGHSAA 8 S apBlyelEMMat ERréy to at least one
44. The 'met hod

tenperature above said boiling point.
hedtercdlemhent 8ampuisgsrapplying anrastwtien endrey oHiessihag S§0nd to each such
h Qi%%hggg, including 30 applying to each heater

1'E . substantially to all sides thereof
simul t aneously, a

36.  The method of claim 31 comprising the step of providing the printhead, wherein the
printhead includes a substrate on which said nozzles are disposed, the substrate having a
substrate surface and the areal density of the nozzles relative to the substrate surface

exceeding 10,000 nozzles per square cm of substrate surface.

37.  The method of claim 31 wherein each heater element has two opposite sides, and
wherein, in the step of generating a gas bubble, the bubble is generated at both of said sides

of each heated heater element.
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conformal protective coating such that the coating is
seam ess.
WO 2004/048100 PCT/AU2003/001502
49

38.  The method of claim 31 wherein, in the step of generating a gas bubble, the bubble
is collapsible and has a point of collapse, and is generated such that the point of collapse is

spaced from the at least one heated heater element.

39.  The method of claim 31 comprising the step of providing the printhead, including
forming a structure by chemical vapor deposition (CVD), the structure incorporating the

nozzles thereon.

40.  The method of claim 31 comprising the step of providing the printhead, wherein the
printhead has a structure which is less that 10 microns thick and which incorporates said

nozzles thereon.

41.  The method of claim 31 wherein the printhead has a plurality of nozzle chambers,
each chamber corresponding to a respective nozzle, the method further comprising the step
of providing the printhead including forming a plurality of said heater elements in each
chamber, such that the heater elements in each chamber are formed on different respective

layers to one another.

42.  The method of claim 31 comprising the step of providing the printhead, wherein
each heater element is formed of solid material more than 90% of which, by atomic
proportion, is constituted by at least one periodic element having an atomic number below
50.

43.  The method of claim 31 wherein each heater element includes solid material and
wherein the step of heating the at least one heater element includes heating a mass of less
than 10 nanograms of the solid material of each such heater element to a temperature above

said boiling point.

44.  The method of claim 31 comprising the step of providing the printhead, including
applying to each heater element, substantially to all sides thereof simultaneously, a

conformal protective coating such that the coating is seamless.



