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1 THERVAL | NK JET WTH CHEM CAL VAPOR DEPOSI TED
NOQZZLE PLATE FI ELD OF THE I NVENTION 5 The present
invention relates to a thermal ink jet printhead, to a
printer system incorporating such a printhead, and to
a method of ejecting a liguid drop (such as an ink
drop) using such a printhead. 10 BACKGROUND TO THE

I NVENTI ON The present invention involves the ejection
of ink drops of formn as_or vapor _ bubbl es
" & bEHERMALINK JET WETH GHEMIGAT VAPOR
generally described in US Patent No. US3, 747,120
(Sterme). 15 ThDEROSITEDNOLALE PIpATE! t her mal
ink jet (bubblejet) printhead devices. Two typica
devices of this type, one made by Hewl ett Packard and
tFELD OF T IRYEDTIONave i nk  ej ection nozzles and
chanbers for storing ink adjacent the nozzles. Each .
chanber is covered by a so-called nozzle plate, which
| Fhepraseytanentionrefatds to £ hemahl ilﬂcémminﬂle&d; tehpiitderagstem

R Rsth S ERAGE Al LB bPoihink BB AR Gscn ol an ink
Kipp)aRing Mokt mrnttiead.a Dupont trade name for a polyinide

film which has been I|aser-drilled to formthe
nozzl es. These devices also include heater elenents in

IBLCKUROUNDUPOITINE INVENTIONRat i s di sposed adj acent
the nozzles, for heating the ink thereby form ng gas

bubbl es in the ink. The gas bubbl es generate pressures

tﬂle tﬂ?@seﬁt‘iﬁveﬁﬁ&?in@&vésﬂﬁe SERE of Bk dedpsde wal 8Efoading BaOsGapor

nozzles, It is an_object of the present i nyention
thybplesin adwbhlelfglemg ligd. ePHspringiple 1 eepmsallydgsgaived in US Patent No.

hﬁgﬁ ter systens, or nmethods of ejecting
Mﬂi ant other related liquids, which have

advant ages as descri bed herein. 30 2 SUWARY OF THE
IMérEel\gcle %\Lnous known types of thermal ink jet (bubblejet) printhead devices. Two
typical devices of this type, one made by Hewlett Packard and the other by Canon, have ink
ejection nozzles and chambers for storing ink edjacent the nozzles. Each chamber is
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.
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According to a first aspect of the invention there is
provided an ink jet printhead conprising: a structure
that is fornmed by chem cal vapor deposition (CVD); 5
a plurality of nozzles incorporated on the structure;
and at |east one respectiwe heater el enment
correspondi ng to each nozzle, wherein each heater
elenent is arranged for being in thermal contact with
a_ bubble formna |liquid, and each heater elenment is
$@M@%@B¥63Fggﬂ%@%YEgﬂﬂ¢gast part of the bubble 10

K QobdiRiBtolal ttiaShecPofthd BUBEbAtHefeds plooided ad ik frbtinthepd
point to forma gas bubble therein thereby to cause
eowrgmgct i on of a drop of an ejectable |iquid through
the %&ﬁhtﬁreqe&tﬁseﬁae&puwe&ﬁam r depéHitein (EVEENt .

According to a second aspect of the invention there is
pr oviadderality of norzlss inppmoengd opdhe RGP FYt i ng a

Pr i NG onl AR ThARR ol AR EpBiflingtoShdiiioiste et |

is forme By chem ca vapor deposition (CVD);, a i
plurality of neachlhester aherennpisamaeged & beimg inthegnal pgogact with a
and at le j heat er el ement

correspon ﬁﬁ%gﬁgnégéﬁﬁﬁ%?g e, Wwherein each heater

el ement is arr asjddattorierhamt isgonfigurddde iredt atlewst part ofithe hubdle

s confi odveud R e ePbraueBR AR ERR R AoTRRAs bustt

form ng | igguyéial tHePebg t¢ empetha tjactionalf e depidfen ieethbiaquid through
point to form as b u.e herein fhereby to cause
the ej ect iﬁ"c‘FrPCGgle OB gtg%hagfxe‘ea&rg%fngnﬁ qui d through

the nozzl e corresponding to that heater elenent. 25
According to a third aspect of the inventian there is
peesvdingte ascpandiisepob el thy Benting heres BRPVHEe » RHYE] WEFRD) e
Jnic&#ibnﬁtiﬁ Q@ﬁ&almkﬁﬁﬁﬁmdwﬁpﬁﬁhgt head conprising a
plruralit nozzl es and at | east one respective
heat ex steicrrthat ig Symed poehemicg! Y%’Oé‘é‘??ﬁm%‘t&f‘ﬁ? °t he

met hod eS| : . r,gqi di ng the

pri nt%%‘%w&ﬁz*%sr%&&@%&ﬁ%’%ﬁgﬁfg by chem cal
vaporat tkeyptasie réspective BvBir elewteiicdorssnopding foeaghonezgleswherein

nozzl e apertures,qach, Loh Wh-AAkdd 18] béing il BRAHAN cbftact with a

nozzl e;

bubble forming liquid, and
each heater element is configured to heat at least part of the bubble
“forming liquid fo a temperature above its boiling point to form a gas bubble
therein thereby to cause the gjection of a drop of an ejectable liquid through

the nozzle corresponding to that heater element.

According to a third aspect of the invention there is provided a method of ejecting a drop of
an ejectable liquid from a printhead, the pn'nthead comprising a plurality of nozzles and at
Jeast one respective heater element corresponding to each nozzle, the method comprising
the steps of:

providing the printhéad, including forming a structure by chemical vapor deposition
(CVD), which structure defines nozzle apertures each forming part of a respective nozzle;
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3 heating at | east one heater elenent corresponding
to a nozzle so as to heat at |east part of a bubble
forming liquid which is in thermal contact with the at
| east one heated heater elenment to a tenperature
above the boiling point of; the bubble formng |iquid,
generating a gas bubble in the bubble formng |iquid
by said step of heating; and 5 causing the drop of

ejectable liquid to b cted thto

oor 1 BetioRa et oneepiep s SuteogiEa pit s BaF  foat at leost
FahSFE BlbURY fofifing 1ighiRviach i9RIRéraial dogtast \glﬂsthb uubaseone/hsated
w || be under st oodb t hos kill.ed._in.t t.he,
I@fﬂemwmt@rafﬁmaﬁraﬁ%% dboyeige E?lge& B%Pté’fﬂﬁb&gﬁa QpEing liquid;
S:; glrg %ﬁ%ﬁ?%rﬁé Hubbicin GRS e Ri¥midddiq@RINB saikdisep oﬁﬁeaﬁng, and

e’in a bubble 10 formn IH§£|dlpﬁg i n
enbogausingtise drpp of eiectabimbiquishigpe g1ec ¢ corfesponding
tg Jth“:“ecatt 2048 nd b aGeatel SR BEERL G8b &‘&@rﬁm@%ﬁ?ﬁubﬂb

ncrease 1'n pressure 1 n e ectable I'1quid, ch forces
the dr op through the rel evant nozzle. The bubble is

W, eg?rax?dlﬁég@; 5] el pﬁh?%%%i‘ﬁ%‘éﬁgfe%ﬁg%“ ot bahle

dSzG da@ﬂbe(bh‘brmn, it hamséiEntthe genertiof oftarvapér butbblgin abubble

ypi c I e S.t h m cr c :
AR50 | SR S g B e
me%e@&ﬁ@@&ﬂﬁle&faﬁ% at hﬁrehﬁﬁh presymid iaejdcable Uiqiglcwisitlh forgks the

t he vapor —cool s, nses

o B8 e FHVITL BB Ao PALES erisreti e bt el
N K AsRitierindll @hRbEYiOthe | me The electrichl pulsé @pﬁed to the heater
tension of the ink. In this peci ficati Eé]? 4. the
ipof brictflrafien, aypically oge than £ ForossERTie. B to st it 4R i
tusBAle %anapfoIQ?evPﬁﬁ&Bﬁ%]ﬂs 265 WtcrGr ilseib Grhed\OEN tAsahe vapor
conprises a plurality of nozzles, as well as a

@hsi eacomwee,rreswmgrm Ebhla%%lépsee Therbubble colamsesioameing
%ggﬁﬁfé& bﬂ %%SME%QLP a%d s&f&@e RhditH baRelink. In this
alrninhg t

a single nozz e, Its chanber and |ts one

specifitation,shehnepdist is raferraddf erthe tpotis ofs eellspse” o§ ihg bu

cell". 25 In this specification, where reference |s
made to parts being in thermal contact with each
’Hie’}&fnthehmacs:oﬁhgts thichiatentibregonaprisespodintalityrod dozzéds sasiwedl a5 @
eac er such one of ..t

exnd pe St g rchn S gihE spicesle; Bachporion of

fhb pristhedd periAmESo a b ﬁﬁ&&iz%@ﬂs chambgfﬁndmstonber fnore elements, is

hysi cal contact with each other. 30 Also, the term
fﬁfem@dtq]&ef%é%a twitselni fy any ejectable liquid, and is
not limted to conventional inks containing col or ed

dyes. Exanpl es of non-colored inks include xative,
Tnrikis apecifigations wheye refpigres is padciomaHabsineEln ‘gﬂ’@% ©xgtagt wit each

AfReRt S Sins BiaOhOPLE Pbsifidrdl Aativéqd @ich 3dr such that, when one of the
parts is heated, it is capable of heating the other part, even though the parts, themselves,

might not be in physical contact with each other.

Also, the term “ink” is used to signify any ejectable liquid, and is not limited to
conventional inks containing colored dyes. Examples of non-colored inks include fixatives,
infra-red absorber inks, fimctionalized chemicals, adhesives, biological fluids, water and
other solvents, and so on. The ink or ejectable liquid also need not necessarily be a sirictly
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ot her solvents, and so on. The ink or ejectable liquid
al so need not necessarily be a strictly 4 a liquid,
and may contain a suspension of solid particles or be
solid at roomtenperature and liquid at the ejection
tenperature. In this specification, the term"periodic
element' 'refers to an elenent of a type reflected in
5 the periodic table of el enents. DETAILED DESCRIPTION

a‘,?;;u;r ng gugéegt[sxgﬁ gf %ggo g I §(%\r E 11& zﬁ room Ye%@teraﬁﬂe

A1 1iQuiti of @E eRE&Rlt@ndd@uRC CoMpanyi ng repr esent at| ons.
The "drawi ngs are described as follows. Figure 1 is a

schemati c cross-sectional view through an ink chanber

Iﬂ&%@soﬂéaﬁkatﬁﬁl the Rfm perfddicrARAL rafeRas &4 Elemérd ofd type reflected in

the ihvention, at a particul ar stage of
tbpperintlicdable ofiddenm@nifure 2 is a schematic cross-sectional
view through the ink chanber Figure 1, at another
stage of operation. Figure 3 is a schenatlc
BETALER DESCRIPTIONOF HHGUBRAWNGS K chanmber Figure 1,
at yet 20 another stage of operation. Figure 4 is a
schemati c cross-sectional view through the ink chanber
F}bﬁttécben’:lbodaﬁemt'the infentivh @il sevabedestritsfdyarayef cxample only,
Fi_gur.e 5 rammtic c
s e R BPOBE T A dty ot wgBtbed s, |
fohew@n enbodi nent of the invention showi ng the
col | apse of a vapor bubble. Figures 6, 8, 10, 11, 13,
14, 16, 18, 19, 21, 23, 24, 26, 28 and 30 are

ﬁgﬁfg :T% a ébthélﬁﬁtﬁﬁz)?&ﬁis&ﬁonﬁ Q%ew ﬂi?ﬁlglﬁ Ini i@k cBandar 6fd mgt cell of a
par cut_away) of a unit ce
it aasocting o i DO GRBBA HEARVeBHor R T VBRI Fghe of gperaton.

vari ous successive stages in the production process of
the printhead. 5 Figures 7,9, 12, 15 17, if
Bigure 215 2 sobemaatis cpass-pasiona] vievelraual the dnkfhamber; Fégyg e Lat gnother

ble for use in perform ng the production
sﬁ%é@oﬁ%ﬁ ?he printhead, as represented in the

Figure 3 is a schematic cross-sectional view through the ink chamber Figure 1, at yet

another stage of operation.

" Figuredisa schemaiic cross-sectional view through the ink chamber Figure 1, atyeta

further stage of operation.

Figure 5 is a diagrammatic cross-sectional view through a unit cell of a printhead in
accordance with the an embodiinent of the invention showing the collapse of a vapor

bubble.

Figures 6, 8, 10, 11, 13, 14, 16, 18, 19, 21, 23, 24, 26, 28 and 30 are schematic perspective
views (Figure 30 being partly cut away) of a unit ceil of 2 printhead in accordance with an
embodiment of the invention, at various successive stages in the production process of the

printhead.
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respective imedi ately preceding figures. 5 Figure 32
is a further schematic perspective view of the unit
cell of Figure 30 shown with the nozzle plate
omtted. Figure 33 is a schematic perspective view,
partly cut away, of a unit cell of a printhead
according to the invention having another particul ar
enbodi ment of heater element. 10 Figure 34 is a
schemati c plan vi ew of sk,suitable for use .in
Ramrsih g 1Enid> Hh S0 Foro aad ke paR =ie s PR sy of mask
LML for 3%t ih PECFrinE (RdproMectibe sthgy forthe pritheadremésented in the
lgure 35 is a schematic perspective view, partly cut
respastivednmadigislnorecsing §8Ugs- pri nt head 15 according to
the invention having a further particul ar enbodi nent
of heater element. Figure 36 is a schematic plan view,
Fifure 3 Frisokfusir selisietis parsnaetiveivievprfithewt o7 of Figure 30 shown with
rQ t ge for the printhead of Figure 35 for
'£%P%#%Hﬂ¥§%mﬁégter el ement thereof. 20 Figure 37 is a
further schematic perspective view of the unit cell of
- gure .35 sho ith .. j [~
5 55 47 Sl o M B4y BBl S At S fbr o et
Rbording i the tekehticdfhaging anathdr particularcmdodinegt ofdeatieelement.
i nvention having a further particul ar enbodi nent of
heater element. 25 Figure 39 is a schematic plan view
i furd 308skschsthdtiRlad view oftiBask Buiebld for wsemgpdrfoeming the production

production stage for _the. printhead of Figure 8 for
faseroree Db o) Bevsia B o rne e Srer e tgger
further schematic perspective view of the unit cell of
Figure 38 shown with 30 the nozzle)gl te.onht%ed” d
Fgwe 8 ismschemsicgeraetive ¥oweRarommt £ GhhUY oL F grniaea
%cgglﬁ?%rto 8 iveRidn 0834 P paHiEfarlefibBfimeRIUTREi BRI M.

vention show ng a suspended beam heat er el enent
imrersed in a bubble formng liquid. 5 Figure 42 is

chematic ' thLoua, i nirfs the production
%ﬂ“ﬁgﬁ ésa%scg%g%ircg&r?g&%vg an ng%n‘g% i@nfgg?&gjf? sfrﬁe i nvﬂé?] ioon
Shpviorie pristhed efifigdrel36 don fowsing thedkeateratiment;heweafied at
the top of a body of a bubble formng liquid. Figure
43 is a diagrammatic plan view of a unit cell of a

Pzt eagifatieraeiitinngic berspuative view of the unit cell of Figure 35 shown with
the nozzle plate omitted.

Figure 38 is a schematic perspective view, partly cut away, of a unit cell ofa printhead

according to the invention having a further particular embodiment of heater element.

Figure 39 is a schematic plan view of a mask suitable for use in performing the production

stage for the printhead of Figure 38 for forming the heater element thereof.

Figure 40 is a forther schematic perspective view of the unit cell of Figure 38 shown with

the nozzle plate omitted.
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10 enbodi nent of the invention show ng a nozzle.
Figure 44 is a diagranmatic plan view of a plurality
of unit cells of a printhead according to an

enbodi nent of the invention showing a plurality of
nozzles. 15 Figure 45 is g diagrammtic section

t hrough a nozzl e chanber not in accordance with the
i nventi on showi ng a heater el ement enbedded in a

substrate. Figure 46.is di agr i i

Bwe 4 e S soatn SetieRa et RbLSF < S acb it an
doiifd dirhete bf the mvediwishgviag haspadedbaneater elembn ihaersedin a
a suspended beam 20 Figure 47 is a diagranmmtic
wybblefomuphligih a nozzl e chanber of a prior art
printhead showi ng a heater el ement enbedded in a

substrate. Figure 48 is_a diagranmatic section throygh
Rigwre #2 |is¢scbmﬁg gectipn thieueB @R e IAMPOR of? %&sﬁwffﬁwﬁ#g an
é?xfbedEﬁedt Br &P Hv@ﬁﬁoﬁ@ﬂ%iﬁ%a @aes SRLEheat] IR bleleritisiipanded at the

gap between parts of the ement. Figure 49 is a

wp afjs bodyefiabukhde forvingdimridugh a nozzl e chamber not in
accordance with the invention, show ng a thick nozzle
plate. 30 Figure 50 is a diagrammatic section through
Pigte 3 liea dihgadmetic plamvicwofanobeelli of i printheaddserriing e abf

the i nvention show . | ozzle plate. 7 ‘Figure
%ﬁquémﬁl?af% y isggg%%%%%k’?hr ough a nozzl e chanber
in accordance with an enbodi nent of the invention

show t heat er .el enent.s.. Fi.gur i . .
e A e Permsets oin PD gt oo ed Celiford priagiead socording to
& érfoddhdnt Bf theteadn shovahgubinglityef loedeer el ement s,

Figure 53 is a diagrammatic section through a pair of

adj acent unit cells of a printhead according to an

ﬁg&fe% B0 hmbnhc 0N thicaph a AW dhembarRotinfaberdante with the
nozzl es after drops havi ngdfglfferent vol unes have
[&

ipwention jseavingla hetar elepment fphedded inp gihstdesq and 55 are
di agrammati c sections through a heater elenment of a

prior art printhead. ) .
Figure 46 is a diagrammatic section through a nozzle chamber in accordance with an

embodiment of the invention showing a heater element in the form of a suspended beam.

Figure 47 is a diagrammatic section through a nozzle chamber of a prior art printhead

" showing a heater element embedded in a substrate.

Figure 48 is a diagrammatic section through a nozzle chamber in accordance with an

embodiment of the invention showing a heater element defining a gap between parts of the

element.

Figure 49 is a diagrammatic section through a nozzle chamber not in accordance with the

invention, showing a thick nozzle plate.

Figure 50 is a diagrammatic section through a nozzle chamber in accordance with an

embodiment of the invention showing a thin nozzle plate.
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Figure 56 is a diagrammatic section through a
conformal |y coated heater el enent according 15 to an
enbodi ment of the invention. Figure 57 is a

di agrammatic el evational view of a heater el enent,
connected to el ectrodes, .of a printhead accordlng to
an enbodi nent of the |nvent|on 20 Figure 58 is a
schemati ¢ expl oded perspect|ve vi ew of a printhead

nodul e of _a prin{head Qrdin n_emnmp n f
e sh i AR e e or e S Gl R T D i an
HWihdeothé hivBeRd Rl ﬁvcﬂ{eatlét dabent&8 s h own
unexpl oded. 25 Figure 60 is a schematic side view,
shomn partly in section, of the printhead nodul e of
SCeBleicRariben B ¥ pifot aétfprinthead

gg%hdgggﬁgﬁg%&%Pgﬁ?g 58. 30 Figure %2 isz%
mwmbe@mmtg perspective view of a printhead.
according to an enbodi nent of the invention. 8
Figure 63 is a schematic furtherfperspectlve vi ew_of
Fipere[sB iswt megmatlﬂegmmhﬁzglsmmp s of ¢ piipthead
64 i,S sch r

e 5 S5t oE BBl Bonbli B TR LA aferdrops
Eﬁﬂupﬁﬁahhaaﬁmmﬁhﬁm@mmsqﬁﬁﬂtMﬁﬁ@wngl66 is a schematic
bottom vi ew of the printhead of Figure 62. 10 Figure
67 is a schematic plan view of the printhead of Figure
BigureE b OuHdes e disgramsahicsefion irougipdeniey dememwi o priotret
printhead as shown in Figure 62, but shown

oded. 15 Figure 69 is a schematic | ongitudina
section through the printhead of Figure 62. Figure 70

IS a block diagram of a orlnter acgcor di
Bighweicriendiagrmmatic sechionsthfough %E;*)&Ftaé‘tﬁtﬁégbg?‘ﬁi‘&éfxf"rdmg

to an embodiment of the invention.

Figure 57 is a diagrammatic elevational view of a heater element, connected to electrodes,

of a printhead according to an embodiment of the invention.

Figure 58 is a schematic exploded perspective view of a printhead module of a printhead

according to an embodiment of the invention. K

Figure 59 is a schematic perspective view the printhead module of Figure 58 shown

unexploded.

Figure 60 is a schematic side view, shown partly in section, of the printhead module of

Figure 58.
Figure 61 is a schematic plan view of the printhead module of Figure 58.

Figure 62 is a schematic exploded perspective view of a printhead according to an

embodiment of the invention.



In the description than follows, corresponding
reference nunerals, or corresponding prefixes of
reference nunmerals (i.e. the parts of the reference
nuneral s appearing before a point mark) which are
‘used in different figuresgelate to corresponding
parts. \Were there 25 are -correspondi ng prefixes and
differing suffixes to the reference nunerals, these
indicate different specific. e ﬁg Qﬁ % h
Tigure 63 orReeraats fhiher PRSP Yhet RREATIRA OF Figpre £ ghown
h@dg. di scussion of operation 30 Wth reference to
g@res 1to 4, the unit cell 1 of a printhead
accordlng to an enbodi ment of the invention conprises
g i RhBhAicol HigwopBE pRihed ditige2, L he nozzl es
nozzle rins 4, and apertures 5 extending
through t he nozzle plate. The nozzle plate 2 is 9

: te. The noz: 2059
g A S A S B o o

(CVD), over a sacrificial material which is

FiedRBRe 5oy agpviicorthd RaR Lo RRg L, OS2

nozzle 5 plate is supported a chanber 7 defined by

the wal.ls and { he nqzzl i -1 ayer
E’gb‘?t‘i?é%%s"ge‘ﬁﬁ&? ‘H"f‘?ﬂ'@ﬁhgg tgﬁaéogi} endi ng t hr ough
the nmulti-layer substrate to the far S|de (not shown)
of the substrate. A | ooped, eIgF%g}e heat er . @ﬁl&g
Fw@p%%%@%%ﬁ%ﬁ@ﬂ%“ﬁ&’ F¥p i E“Ie - Ol
@gﬁ_ﬁx Sielih the formof a suspended beam The

print as shown is a mcroel ectronechanical system
(MEMS) structure, which is forned by a |ithographic

0 R e Iof Fla@tesy.
%/Wé% @ﬁgg%rhaﬁt%] %@i—ug [ neﬁ@g%ﬁ%mgs?%énﬁa reservoir
(not shomn) enters the chanber 7 via the inlet

asS t

B3R o B bt oF R Bre PR doldrtiig e bGUENAL ot
inserdttoat ed for sonewhat |less than 1 micro second, SO
that the heating 15 is in the formof a thermal pulse.
It will be appreciated that the heater elenent 10 is
DRETAMEDBESCRIPEEONW th the ink 11 in the chanber 7
so that when the elenent is heated, this causes the
generation of vapor bubbles 12 in the ink.

ﬁﬁﬁ@ a&bﬁglo\ﬁ thdn BT v cérﬂesgaﬂﬁigl rbféicRte Bumdpalilok earfespondmg
ui d

ure 1 shows t formati on of a bubble 1
SrofenitnaleiBhop cumerAR S4B OE 8F SRR PRBFo- R gefore 2
h‘%}g{ ﬂg%]tk) gﬂﬂcﬁ Gre vsdifih differenMiBliret RfatdIORBBspBAGENg %ﬁis here there

on the heater elénents 10. It w |l
apppempamcbmg privfixes and differingyarfixes do ﬁ’ﬁﬁ?fFféﬁceiW  thegs ipgicate

8“”'F f%ﬁbeﬁ%£&%@ﬁs@?&#&§%ﬁﬁﬁ$ﬁéﬁ§y to generate the

€ supp

Overview of the invention and general discussion of operation

With reference to Figures 1 to 4, the unit cell 1 of a printhead according to an embodiment
of the invention comprises a nozzle plate 2 with nozzles 3 therein, the nozzles having

nozzle rims 4, and apertures 5 extending through the nozzle plate. The nozzle plate 2 is
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that short time. Turning briefly to Figure 34, there
is shown a mask 13 for formng a heater 14 of the 25
pri nthead (which heater includes the el enent 10
referred to above), during a |lithographic process, as
described in nore detail RKelow. As the nmask 13 is used
to formthe heater 14, the shape of various of its
parts correspond to the shape of the elenment 10. The

mask 1 herefore V|des a.usefyl ref -
sharR b PR S AT et dimpRBiaC PR o Pheniggl yapor
d1padifien (ttﬁfma@ve?b eskificidinaatdrinl ebichésqbsudbentlytewhedie parts
desi gnat ed "15. 34 of the mask 13 30 and a heater

el enent 10 corresponding to the parts designated 10.34
-ﬁ{] eﬂrlﬁl ehelB Ko mbmdesom Ash&Rbto eveHl oade 3] Sideapﬂlslm vteroienozzle

ectrodes 15°to cause current to fl hrou
whte fsesvppartsd, anvhembprdaligerty t!eswal.l%anﬁﬁlaw Feleti b al-ver
éulﬂ&ra(:t‘% £ 00 n 1k péb@sa&@ §Text e nﬁilti’- éﬂ sﬁﬁdtrate to the far side
fesistance IS ovid enent nea

(abt shotvn) dfdhpswheirate ob m eliongaﬁ)hea@p @lplawtﬂe ig fﬁ&?eﬁé%i‘%/ Vgifhin the
?]tﬁ_@?)gr ’{j & %apﬁé i }éﬁt% fhfe Rk TBN busplhded Heaﬁf ek 'pﬁﬂth&zféﬁls shown

erred to above. Wien the el enent
ise niﬁemlectrmcmmmt $yistect (WEINS), stubturepwhish & fm:esi@bfﬁdﬂhographm

| h bubbl
%ﬁ%ﬁggﬁnﬁgﬁﬂgﬁg}t‘ﬁ%”’c‘?%%&e%@% Ig,:}n;ntw EevvI 2f llil gu?e 1, as

four bubble portions, one for each of the el enent

Bt bippiabectis ool R EPEATE o PEoBHD el At v

B aTH m/@b eat th ahatnweﬁﬁnmsmcwdm as sho@ntm Bigumefl. Thereafter,
drop 6 the ink 11 thro ozzle 3. .Th
the bﬁa;,wlemt TXisarrebior gerite: v S sefondl Sty P gativg

%gn #R foth dth ‘Jlgbelt WB@@p@Jma@eddﬁ@ fhoHesiet dl@fdnt 0O s in
er

eason t hat ere is onl one_nozzle 3,and chanb

themenl coniac mtbélsestalg 51 1 the chggabpHEA0 it ep fheeloment this

S h fihd 6B 11
SRR g ap BB Sl 1 cosins
efthicbridg Hoed: Figheeritsbows the doriation ofadrubbleds ﬁaprﬁgmately 1

| 5 Th
Barreal b Aot AR P putd fallE N o BBl bs
ﬁ\ﬂﬂéafbdniﬂtﬂ&rheaier clements & LRwdhbmpmmateﬂltlgﬁh,r@ éheZleém%l ala)hed in the

e e e

" hdbidoR til2. gener ates further, and hence grows, with the

resul tant advancenent of ink 11 through the nozzle 3.
The shape of the bubble 12 as it

Turning briefly to Figure 34, there is shown a mask 13 for forming a heater 14 of the
printhead (which heater includes the element 10 referred to above), during a lithographic
process, as described in more detail below. As the mask 13 is used to form the heater 14,
the shape of various of its parts correspond to the shape of the element 10. The mask 13
therefore provides a useful reference by which to identify various parts of the heater 14.
The heater 14 has electrodes 15 corresponding to the parts designated 15.34 of the mask 13
and a heater element 10 corresponding to the parts designated 10.34 of the mask. In
operation, voltage is applied across the electrodes 15 to cause current to flow through the
clement 10. The electrodes 15 are pauch thicker than the element 10 so that most of the

electrical resistance is provided by the element. Thus, nearly all of the power consumed in
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grows, as shown in Figure 3, is determned by a

conbi nation of the inertial dynam cs and the surface
tension of the ink 11. The surface tension tends to

m nimze the surface area of the bubble 12 so that,
by the time a certain anmoynt of |iquid has evaporated,
the bubble is 25 essentially disk-shaped. The
increase in pressure within the chanber 7 not only

Bl R B P S gl

E@gﬁg@gaboyge inlet passage 9 is approxi rmtel y 200 to
300 microns in length, and is only approxinately 16 30
mcrons in dianeter. Hence there is a substanti al

Wn%& BS1MeAP1 0 6 Beded 8 Uvdckibed db6ve, ﬂiee;d‘ﬂﬂb n2fime bibagthe iength of
the pressure rise in the chamber s to ﬁorcc:l s&k Qougble
lhh pbagnt, thiscbubhlg 2ppearing, ik thg grosy- @G‘P i i afHar
%1 s of Gieol BER Hﬁlﬁe bRBehtPoRfonPde@&Ecrdss stdtion,TUr Ni Ng now
ure

4, e printhead is shown at a still further
successwe st age of operatl on, in which the ink drop

%ﬁ%é@% {25oE % c?ébgél\ﬁ p%é&dr@%thﬁﬁhe élﬁﬁllerr‘Dgwhlch

&t Ore s of f his stagng
ﬁubﬁ:l causk? ﬂie&@cadm ﬁantl]op h’mihhﬂink s ﬂﬂmlﬂm}}ﬂ@?‘ 3 elhedip F assists

a t he un_.to. col.l
lTeﬁ?J‘ég&h‘igl% gg LRI S%ﬂ%(el N nor ela%(’tﬂglicew%arl%gﬂsfdg eetion.
5. The col | apsi ng of the bubbl e 12 towards the point
of collapse 17 causes so i nk, 1
e Feptoncing tietizis OB £1¢ ROl 374 st i et Spp et the
SOWBelgRndtRedvali the éhmnbérhm leating ofphseia;gmt 90 and forrmng ofa
owar ds t he EOInt of collag st of thg Z%S
biwbilin13, doestios elfsehdacenlehabes Aine SHRETTRTRE 27
form ng an annul ar neck 19 at the base of the drop 16
prior to its breaking off, The dr r.es
Fhe adsintagmotithe RoNorRATRARt {ibsiee SoRPAGHaNS FAHNETs siedisd in
forc ak off. As ink 11 is drawn
ay sofid H‘lealtf!ﬂalz N diseéwéggb?g\%

no e col | apse of the bubble 12,
15 the di ameter of the neck 19 reduces thereby

?%H% I@gﬂ%dg §0\¥ ﬁg tun{t oAl 1 E%lsu&%siﬁq eﬁs@%@é Sopbgtich &tdhe

he nomentum o g as it is .
hﬁmeaeﬂ ID¢sh bokechhient tredmblde 12 gemarcersufwjtt@man Bengr Ews: Wigh the

ol adaneepspetitg | folel fheHofle 4 0 SKS01IhS pubble 12 as

%fEJ»@V\iﬁsl SBwn a:ﬁi};:,g&@ 3t fa eeﬁaﬂ%bbcﬂaym%(‘)mnaaps ﬁ‘éﬂm merthbdspl@mm and
of coll apse |t e.noted t t he
qugfacestmspo&]dg‘ éheI 1Hk ﬁn élj’hg Is%rfaﬁf’ %69518?' pcflaseto Fr)%#lfr][ll% t?xe B@face area of
Gl BB 238 20 byt Deertem\antonti afliqaidrhahiesaporated, the bubble is
essentially disk-shaped.

The increase in pressure within the chamber 7 not only pushes ink 11 out through the
nozzle 3, but also pushes some ink back through the inlet passage 9. However, the inlet
passage 9 is approximately 200 to 300 microns in length, and is only approximately 16
microns in diameter. Hence there is a substantial viscous drag. As a result, the
predominant effect of the pressure rise in the chamber 7 is to foree ink out through the

nozzle 3 as an ejected drop 16, rather than back through the inlet passage 9.
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effect. Manufacturing process 25 Relevant parts of
t he manuf acturing process of a printhead according to
enbodi nents of the invention are now described with
reference to Figures 6 to 29. Referring to Figure 6,
there is shown a cross-segtion through a silicon
substrate portion 21, 30 being a portion of a Menjet
pri nt head at an i nter rredi at e stage in the production
cess ere Th| : j
R Eo 4 e e BT L Ak kg b
&&ﬁ&mﬁﬁﬁhﬁﬁh@ﬁ1ﬂh@mﬁmﬂﬂﬁasbungqgap&msm@eaémasﬂﬁﬁkﬁbng

be in relation t
RieRe” bgeresB 0p Prre et et g 7 s el upted i
I&%ﬂuﬁlﬁz‘é'ah& 28 tRdn REIAG Ollapsetdivards Blelpsinbbf ankiagsh 17, reflected
ole printhead_ is conposed. Figure 6 represents the
inayare dgfeitiaddgy@’ st ep, during the manufacturing
process, after the 5 conpletion of a standard CMOS
fabrication process, incl|uding the fabrication of,

Thei coBanssingios Fstboble {2 ttvasiedhapomt T eolaPsedicaifePric ek Helo be
%ﬂ@%ﬁtvﬂtﬁ?ﬁk &18&1% (ﬁoﬂ{lﬁ&efslh% 18CT R cﬁ&ﬂ)%d@ﬁm& foﬂ:ﬁﬂﬁivdl from

erconnect |ayers 23 and passivation |ayer 2

e tnletmassagecﬂ, towtaeds thopointef ddk!h@d Mashelshoisicd] deie gpe, panner

I nterconn h 16 vrior to
At 18 o apeds RS ROE R IR bl bt drop 162
Mréﬂ@r@wfﬂi ng to the nozzle. 10 Guard rings 26 are
formed in the nmetallization of the interconnect |ayers
23 to prevent ink 11 fromdiffusing fromthe region,

FESd N uIZeE,a coligih embing ofimpmesumfto oveecomw surfags!ténsipn forces, in
w | r msd h t h sub t

onter o Gl itobrk AR PO g5 3 By licsePdp pibic 2,
@ ﬁlaQMQ?o%& ﬁwktmecﬂlbm&a@ fedluctdgeher a&@unhoﬁieml sgrtmeamgmn

5 The first stage aft eCO | eti on .of
2 om0 16+ P@BEECA 1A GERaSGT PR iy o e Aoeate i

&%ﬁ&é&%ﬁiﬁh@g&?&méﬁn_ |l ayer 24 to formthe

passivation re ses 29. Figure 8 shows the stage of
production after the etching of the interconnect

5 e S&huRl-as IR 1P BB ArrdWs 20, as
{V?é%he d%??sltél?ruql&gﬁle [ ntE)ﬂl nl et pags ag}g to .t hgy]c hanber
{Hodlbble 12 cdilapses tatbel point aficollapse Kb Lividldbe gated that there are no solid
surfaces in the vicinity of the point of collapse 17 on which the cavitation can have an

effect.
Manufacturing process

Relevant parts of the manufacturing process of a printhead according to embodiments of the

invention are now described with reference to Figures 6 to0 29.

Referring to Figure 6, there is shown a cross-section through a silicon substrate portion 21,
being a portion of a Memjet printhead, at an intermediate stage in the production process
thereof. This figure relates to that portion of the printhead corresponding to a unit cell 1.
The description of the manufacturing process that follows will be in relation to a unit cell 1,
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Figure 10 shows the stage of production after the
etching of a hole 31 in the substrate portion 21 at a
position where the nozzle 3 is to be forned. Later in
t he production process, 25 a further hole (indicated
by the dashed Iine 32) wi | be etched fromthe other
side. (not shown) of the substrate portion 21 to join
up with the hole 31, to conplete the inlet passage to

até%gﬁlé)g? wilh retaﬁgre li«;d %b?lg ngﬁ)eesg wi!tl zlgnpg&f to Ig.?f( ﬁt%tgﬂe Qﬁdj acent
SHitsls etvehi@omé whole plinthendtifeorhpewed. of the i nterconnect

| ayers 23. 30 If, -instead, the hole 32 were to be
etched all the way to the interconnect |ayers 23, then

151gure B\Qirshehil thehkiSubdssbRishg, Rirah @ tﬁahuﬁsmhng pesdss,after the
e transistors in the region 22, Eﬁ ffﬂ?z méj\l{(gMOS

sramaletion o seerUME SdRiee he PSR IR PRI

({.rﬁgltlgﬂﬂé&s g&t LIRS BViBe fogfomioh bing sub¥REtE bortioh ld,laﬁ&thbd by
e

arrow for etching inaccuracies.,6 But
@nyihitiog obstandard GMOS inferoamectriaysr 231ed P%SEIVB‘FOI{IW 24. Wiring

18&{8%%& %% ﬁ‘i{: E&ﬁl&d {ﬂﬂe %% ele&ﬁ@aﬂylﬁeﬂ'c&%i&t& Helira8 Qb QR@Bther drive

means that a |l esser margin 34
mamyuelsd» ndtshoven) dnd the heaterslansnteeresnonding fafhe taozah%c ki ng
density of nozzles can thus be achieved. 5 Figure 11
shows the stage of production after a four micron
Gﬂztrd Lﬁngseaﬁeme fbmef indhemenilititionaf the inecemeptdayerseddrio prevent ink

FERES B L B e 1 e

REhed, feackh tlTef@bft&‘c‘d ;&trudlﬁmetb {iRGegion ¢dnéamingthe sadngds, And
certain patt ﬁ gre ent ed g%ggggzgask shown in
Farrping theAMOS citgyity Pispesel ubereeigh & #%37. This

provides for the formation of contacts for the

el ectrodes 15 of the heater e] e%nt fo be tdthm .
Thet st stage efier the ewanpistion AT the (EQS ] ﬁtﬁaélogpgqce%s?owqtﬁo etching

r&é’ﬂ 6’&117 fgﬁ&%ﬁoh 'ﬂag%f‘ﬁt BIYEEHE pask®htidni8cesdeonomt i On Of

e nozz that will define part of the
charrber 7. Figure 13 shows the stage of production

f 18l s&l?ﬁ @;E B@g& (Bi’rp?%iém@éh %ﬂ%?ﬂic%ﬁéﬁﬁl %?the@ﬂte:@o&e@tﬁayers 23, to

r on at er er| al whi ch In
fdnm aploparsuy 302 mﬁ@pm 30 i o eofstitivte sbsi inkrinlet Basspgertp e chamber

ur 4 s e of production after
?‘f”eﬁ’r?]f egg%gré?@?prg‘%%f the heater layer 38 to form
the heat er i ncl uding the heater element 10 and
el ectro 5 20 ur e ih
Ples0ehon é? b omptierornie e rg of ShE51 e sbgate
?&ﬁb‘ﬁ 21lat a'ﬁo@ih@tﬂwh&le%nohﬂs 3 ki)saiﬁrbe &d‘d:edi Laker gnuthe pﬂtﬂusthmvp;ocess
e

f @;ﬂhz;t; aq%é(ug{aq:agqr % gﬁt %sglgqgl & 2) wil ?c?‘zed Era%etﬁe tger side.(not
shown) of the substrate portion 21 to join up with the hole 31, to complete the inlef passage

to the chamber. Thus, the hole 32 will not have to be etched all the way from the other side

of the substrate portion 21 to the level of the interconnect layers 23.

If, instead, the hole 32 were to be etched all the way to the interconnect layers 23, then to
avoid the hole 32 being etched so as to destroy the transistors in the region 22, the hole 32
would have to be etched a greater distance away from that region so as to leave a suitable

margin (indicated by the arrow 34) for etching inaccuracies. But the etching of the hole 31
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deposited. In a preferred enbodi nent, this |layer 40,
like the first heater layer 38, is of 0.25 25 mcron
thick titaniumnitride. Figure 19 then shows this
second | ayer 40 of heater material after it has been
etched to form the pattegp as shown, indicated by
reference nuneral 41. In this illustration, this

patt erned Iayer does not include a heater |ayer

el ement 1 n thi

o el e §oristanse 21 R do Gk deotlof o hojo 32
HORS iRBS 1eSder inBrghETUREDBe ]Iefl,emﬂe'mt ] brmstaaﬁalb'ﬂugﬂaepaclﬂng density
el ectrodes 15 of . the heater 14 so that, in operation,
ofaerzles fap Sp§a%%ﬁgﬁned by the electrodes which

all ows greater energy consunption by, and therefore

greater effectiveness 14 of, the heat n ﬁ ol
Figure A & skityesl theagedf PoApdion #leRa o %qn&'i?’ﬁ‘ﬁ ﬁFae"n o

I%%St @Pﬁeenﬁegc%ﬁéﬁﬂmxge %lgerlza)’ﬁﬁs fQerha &Hls @R Hokd 31 @dlﬁeﬁtfeﬁns part

I gure e stage of production after
dsﬂ’thef siructuyeeof tppringfead Jdie rqs;sg; 9t 3P dssthen exprsed vggyeqcfrtmg patterns (as

g%&qd%?fthﬁas&clgﬁm%’ﬁ g 2§ i’oarln r@cfesgep 56 aﬁ(ﬁayﬁét 3 |T|hls

e i nner s nozzle plate 2 t
peviﬁasrmme fxtoation dwdnth@mfne thewéectmdve 5 efthe heatesrelameat to 'be

BEBE e i LB B i g, o

&&nht[bntdifﬁle xroege oall o shiaty will deding Bartiof the ghavyher at i on of
the printhead. 10 Figure 23 shows the stage of
production after the roof |ayer 44 has been deposited,

Faake IB%how§ He sth@iﬁ'?rd&ibﬁﬂﬁ affed the depesﬂzbn,tmehet lager 36,7 la)-25
plfate 2. |nstead f.qr.ned from

bei
mirerkthishlgyer3 §1f hepterma W W [ thg prE e EmPgalPS’% is§t fanium
ﬁ#dcon nitride, just 2 mcrons thick. Figure 24
shows the stage of production after the chenical vapor
deposition (CVD) of 15 silicon nitride fornming the

g%}ﬁ%g rz%‘aéﬁov&ﬂgg s@geed'f pRifubioh AL pednitls dnf @tcRBEIoF tifeMheater layer 38

as to formthe outside part of the
fucfomh eherthieaterfl 4, tnlaluding thedicater gement B prdeledodink ed 4. 1
Figure 26 shows the stage of production after the CvD
of silicon nitride has been etched all the wa
FlruaUgshews t6 stagoofpomivbidnafiehendtisr serificial mlsttlﬁ@f 3D zbow 1

rimia._a or he nozzle 20 aperture 5, and after
?H%“%ﬁ%ﬁg@F%ﬁ ‘#%4r|de has been removed at the
position designated 47 where it is not required.

Fi gure 28 shows th age qf produ af, .

Bitecienons heges agrocrgiter RRetElad 0B hffiaaregal s been

?gdoﬁtélt BOfprefehtd Shisiheat, ahib Myt 40) 1ikd thie Sirdt heaterdayeidR) is of 0.25
mits other S|de (not 25 shown) to reduce the

mgmﬂléﬁkélt%‘ll@iﬂﬁﬁ fromits nominal thickness of about

800 microns to

Figure 19 then shows this second layer 40 of heater material after it has been etched to form
the pattern as shown, indicated by reference numeral 41. In this illustration, this patterned
layer does not include a heater layer element 10, and in this sense has no heater
functionality. However, this layer of heater material does assist in reducing the resistance
of the electrodes 15 of the heater 14 so that, in operation, less energy is consumed by the

electrodes which allows greater energy consumption by, and therefore greater effectiveness
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about 200 m crons, and then, as foreshadowed above, to
etch the hole 32. The hole 32 is etched to a depth
such that it nmeets the hole 31. Then, the sacrificial
resi st of each of the resist |ayers 35, 39, 42 and 48,
is renoved using 30 oxygen plasma, to formthe
structure shown in Figure 30, with walls 6 and nozzle
plate 2 which together define the chanber 7 (part of

o o B s i et et Sl R PR s B os e

Joﬁ"éép‘éhdlﬁg lalyér@ dobscohfairen Bdtes D4.t hat  this hol e,
together with the hole 32 (not shown in figure 30),
define a passage extending 15 fromthe | ower side of

Filge oY Qﬁﬁfs@ﬁ@st@@ro‘f Eﬁﬂu&ﬂm hBertdiBird R4, & sadrificial pRiss Agebeen
sérving as the al |

i.nl et passage, gene
dspesighahscti upperteost el o itsarer il pgnsHEts e matsyeface of the
&%ﬂg #ﬁ&é P BRIBER fiatérsada%egcett@e PRaEA Stk mb@dpmm 5, the

e printhead 5 shown in Figure 30, furt

hughnofthada)@n%mnﬁbn stsfﬁclnra\w H‘éo"dfoﬁ’ﬂ?rf@mahﬁﬁ ot %f;ubble 12/in the
rggméeaé 4435 Em'g&b%ﬁ@o gftﬁe thead3, Figures 35 and

gure ntrol of ink drop
ejection 10 Referring once again to Figure 30, the

o g S RS 1 S s

the 1tgal whitiheill sohstitite theabzilbplatei?a rﬂmradbfbeﬁrm frinedifren 1920,nncron

thggggiyugag%?nctﬁlel@ V\gﬁlaﬁ 1st§‘<21§: ed%?%i’f:@n%%%@? &th Ztrﬁgronithlck

11 passes through the ink inlet passage 9 (see Fi gure
to fill the chanber a lta a
Bistro 2 shars s SiaebapOuTignaBormts S ViR Regpsigph ECvfof

ﬁfu%‘ﬁtrﬁih&e fo&d{n@%layéa 50D bdc Hatiatehed edtempmuomeslmed 45, so
eats the el errent 10, as descrj. bed %bove i.n _rel atF‘#f’?E

asdo Rargpfheoutside part ofthe npzela pat 4 8kis SRigide Rart heng It
the chanber 7. 20 The various possible structures for
the heater 14, sone of which are shown in Fi ures

Bgumi2d sBiys the sla@®f pranictioasfiet the §Vithel siliqen nitg )lz’een ctched all
gt&'ltag&“ at E? i %Hﬁlﬁg e omiafBY bk ﬁ?ﬂléjﬁrh 4 88 t& ﬁ%n the nozzle

variations (even though
wmaemﬂmr e amSlhmmmﬂs has(heemppynayed @tﬁbe BaHen dﬂﬁgnated 47
ve, Slaﬁlflca t effects on the electrical. resistance
ﬁ'ﬁ?ﬁés and therefore on the bal ance between
t he vol tage and current to achieve a certain power of

h | d d | . . g
2o 8 e g BRI A e oL S61.L0L o ARRPASH s bER

applied. After this stage, the substrate portion 21 is then ground from its other side (not

shown) to reduce the substrate portion from its nominal thickness of about 800 microns to
about 200 microns, and then, as foreshadowed above, to etch the hole 32. The hole 32 is
etched to a depth such that it meets the hole 31.

Then, the sacrificial resist of each of the resist layers 35, 39, 42 and 48, is removed using
oxygen plasma, to form the structure shown in Figure 30, with walls 6 and nozzle plate 2
which together define the chamber 7 (part of the walls and nozzle plate being shown cut-
away). It will be noted that this also serves to remove the resist filling the hole 31 so that
this hole, together with the hole 32 (not shown in figure 30), define a passage extending
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versions, with [ower resistances of drive transistors
in their "on" state. Thus, in such drive transistors,
for a given transistor area, there is a tendency to

hi gher current capability and 30 | ower voltage
tolerance in each process;generation. Figure 36,
referred to above, shows the shape, in plan view, of a
mask for form ng the heater structure of the

t.of .Lh t h F .
{08 A s of e s 530 2T REUB p0RICT, BH fcchl serving s e
LR ;i padsete, Sineruly tesifhatefl 9f toatie chainbeti7oent , it is now

referred to in discussing that heater el ement. Duri ng
operation, current flows vertically into the

Whis the @8R prRIuCHAITEGEI s eﬁbdb(y ploliecehe émsbodément nfthe printhead

15. 36 so that the cur Iow rea
@b@@ﬁ%ﬁa@@ 30 sfupther printhes <{/m|1 ! e %ﬁe?tglpﬁer structures, are

35heEee0 2 3, :Lia\m &Brh€ab. 5 resi stance.
%@ag%%tﬁg% %gtelenent 10, %tpresented in figure 36
by the part deS| gnated 10.36, is long and thin, with
h i l ement in this enbodi ment belng 1
ﬁnﬁagﬁ?}'ﬁdpp{{p&o i ckness being 0.25 microns. It wll
be noted that the heater 14 shown in Figure 33 has a
nificantl; wh s filof AGHEYL FRRbwn with
I?t THERR° |aﬁa %E%ug{g ﬁ%{l?ﬁéaslljgﬁgst "R S n0 op 3
vaglsys antl hezz1@p1mmt-mwwmrah ryeds e mwmqr oﬁm@hﬁnber 7.
nmuch | o ctric res 1t 19
Fhgraie? [Efsglonn st e T S0 EhayE i Befibit 19 gans
deben t herefore requires a Iovver drive voltage to
deliver a given energy to the heater 14 in a given
time. 15 In Figure 38, on the other hand, the

rﬂgate&h lnﬁk m?%i gﬁgﬁg&% ngemngemsmmmg 280 fill the

er elenents an re

et Thep@ivpiiage SeFRpigH oot i B3 Lo aepoyh afify ofgectric
LRt ¥nfbubn R EE{@r i ek 16! eeRdatskfe demWitt1D, & described above in

correspo |ng y larger surface area. The various
rdttios toFigehd, lodwan a siperbyhblerig the ink withinthe chamber

wi dth, while those of the wupper elenment 10.1 are 1
mcron in width. Thus the energy applied to ink in_ the
Thavdiens ﬁosﬁﬁletsyructhes fop esrheatier I some of wehirksare ghoven i Fgures 33

he u I
SRR, A B ol B i

- of thé heatd Ielkﬁleﬁifs mfﬁmh viridtoheevenidiougighesirfte arpreofdhe dements 10

i nk_ dr.op ect ed due h

e ech et O B S PR 38 e,
?ﬁ:d thtref¥ré dn 6 bAancRPEfwReH ticeditigeahd tlh'&nemeac@y:veaqmpﬁrhamdaower of
by the | ower elenent 10.2 is about 2X, and the energy

ﬁ}@ﬁlm‘f by the two el enents together is about 3X. O
course, the energy applied when

Modern drive electronic components tend to require lower drive voltages than earlier
versions, with lower resistances of drive transistors in their “on” state. Thus, in such drive
transistors, for a given transistor area, there is a tendency to higher current capability and

lower voltage tolerance in each process generation.

Figure 36, referred to above, shows the shape, in plan view, of a mask for forming the

heater structure of the embodiment of the printhead shown in Figure 35. Accordingly, as
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neither elenent is operational, is zero. Thus, in
effect, two bits of information can be printed with
the one nozzle 3. 30 As the above factors of energy
out put may not be achi eved exactly in practice, sone
"fine tuning" of the exagt sizing of the elenents
10.1 and 10.2, or of the drive voltages that are
applied to them may be required 17 1t will also be

h h |

e dbtamreseny B HRDS Pt G R pigpitod 1]t laP bSO A6

@fe?:@"@ﬂim a(%g?smtn'gr fliaS héager Slembiita Dutihg bperatios sturmentdlows Ferdicdly into
no COl NCl den (0] n cO

S Ll By BRI SOIRPE b B e
SRt dupiidsas repmbag wgm thich) if Guis geshltb il theve beinglefow electrical

appropri ate headi ngs, are certain peC|f c features
resiifaeterBricantragh theislement Wneprrsented 1y Tigprs 39 Ew Hse &Eégs‘%?a&d

fd?ﬂg% lglr%ainﬁﬁ:ﬁ]ﬁ,l wilt'@e Wadh U 188 cldfmentti thifenthdibheebeabtl 1 Micron

of the drawi ngs pertaining to the
qndabethicknasy being ©AS oMdrenss t he context 10 specifically

excl udes certain drawi ngs, and relates to those

drawi ngs specifically referred to. Suspended beam
1a e.au be ndbél Mittthe heafee i éshoontio Fighp ddag @ significadly sealer sﬁg!ant 10

th {
LB R LAy R i BT 28 b8 e 106 38, Blocoringly, the
él@fhérlt Q0 of HigBie30 ahﬁ diaﬁe]a richdéwertetechrivkl resistanchy i Wil permit a

L Bl ST R

{«ﬂt @tosdétiﬁér hghRn aﬁergﬁtotmehea&s 4 ina givdndimeng pri nt head
sysFens made by various manufacturers such as Hew ett
Packard, Canon and Lexmark. This constitutes a 20

I HRiE bE A bthdrdhRN R RdoMRRE: HERadicues sheater tUhBaving two
present ‘i nvention and t he prior, ink Em{ t nol %% € Sements

Tatsr rlemints 404 90ch 402 gerrasponding e figsamp Wit ¢ell - 4?05 pee

E(%ﬁ LGl RRAGNe v9 f REIAGHL RGN0, B GRG0 ﬁespbﬁtﬂngly larger surface

necessary eatl ng of the solid material th
areia. The makBous mgthhe%thelo“@r dempntd 0200¢ 3 @ﬂcrez@ i |V\§“1F fhose of the

ﬁlgplreilf ﬁlﬁantﬁg %ﬁ 11 ncfn)x?ﬁ Wi, '?]!ﬂﬁ I 1e@ to G the chamber 7

passage c takes place in
bjﬂ&e beed elemeht ks teme ﬂl‘ﬁh@phaihb}r theupifer glgr@,a.ntslgﬂ, agja given drive

ter| not eontrl &l%bl d
m%hﬁ@iE@I sPﬁm?nggg% %BF&L suc natef?gl_
héiié@bﬂﬁ%ﬂz@&fiﬂhﬁi@g@ec&ﬂdammrtbeybubﬁtae onI y energy which
contributes in any significant sense

Assuming that the energy applied to the ink by the upper element 10.1 is X, it will be
appreciated that the energy applied by the lower element 10.2 is about 2X, and the energy
applied by the two elements together is about 3X. Of course, the energy applied when
neither element is operational, is zero. Thus, in effect, two bits of information can be

printed with the one nozzle 3.

As the above factors of energy output may not be achieved exactly in practice, some “fine
tuning” of the exact sizing of the elements 10.1 and 10.2, or of the drive voltages that are
applied to them, may be required.
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to the generation of the bubbles 12 is that which is
applied directly into the liquid which is 30 to be
heated, which liquid is typically the ink 11. In one
preferred enbodi ment, as illustrated in Figure 1, the
heater element 10 is suspghded w thin the ink 11
(bubble formng liquid), so that this liquid surrounds
the elenment. This is 18 further illustrated in Figure

not h SSI bl n S

o Ronoue braltie S R 16 Filatea Hhoben 147, SRES ot i
Hrﬁwé w thavepblehbf 102K Thiubll tRatfilsimelevtyodes 4 6 agnot dofnoident,
that this liquid is only bel qw t he Ierrent rat her than
@Mﬂﬂﬁ&ﬁ@ﬁ%ﬁﬂ$¥GW%WEW?Heéﬁm?@ ¢ C'Gt he upper si de of
the elenment. The enbodi ment described in relation to
Figure 41 is 5 preferred as the bubble 12 will form
Heatuees oud ddvanteges afiparficuiay emhodiRentsn t he enbodi nent
described in relation to Figure 42 where the bubble
will only form below the el enent. Thus _ the enbodi nent
Eﬁscﬁssgdrbeiowelmdg' apprioptiafie h@dwgwrecrertan sRscidicdfatyres @ﬁ?ﬂbf’dmms

Pg&‘rer lyention, gﬁ Advar %g dﬁ% edhRbs. SR T Bes a4 fo'be considered in

the heater elenent 10
tdatioaaoll sfthmfkpmpem fomhm@esﬁ ineendiprunless thecentgxt

|ts osr SO .t

oA B Ses et St a0k W gpecifcaly reforred

g.esently under consideration is that the heater

el ement 10 is configured such that an energy of |ess

t han 500 nanojoules (nJ) is required to be applied to

Sh§echlilcamRith hedder heat it sufficiently to forma bubble

inthe ink 11, so as to eject a drop 16 of ink

through a nozzle 3. In one preferred enbodi nent, the
lefpchol ﬂ@&@i&e it Sanll @ ehiitbd BWe e heattr Element 1e is in the form of

further enmbodiment, the energy js |less than 12 ﬂ¢ ggxlnk

nisusgended beannspd ghis i sesgensipd pyes ableast o pptign (desigpptedy}, 1) of the

b ?Subee f ?téuéﬁ’% ﬁqlﬁtg\alil'ﬁg 1eRERE02 dNAEREW in tRis W49 Fathd? than forming

t e elenment sufficiently to

gmm ef, at ‘eeing enshpddeddntsisubstiege asds p edse imexisting priefhepd sygems made

h th
1 gD ASRAAGTBPY S, Lt ot 0ot
sipaifieadt difftkencebeteyat eutodinTdntsof MﬁSEMY@gyon:@dsﬂgﬁmqr ik jet

ws .25 | ower operating costs, smaller power
%%ﬁ? PRS- and so on, but also dramatically sinplifies

print head coolrng, alloms hi gher densities of nozzles
3I’he ?J]ag:r fd%zrmrpaéesof ttlupe s that J‘Eﬂﬁ efﬁcﬁe%%? can Utbe AWBeved by avoiding
the unnecessary heating of the solid matetial that surrounds the heater elements 10 (for

example the solid material forming the chamber walls 6, and surrounding the inlet passage
9) which takes place in the prior art devices. The heating of such solid material does not
contribute to the formation of vapor bubbles 12, so that the heating of such material
involves the wastage of energy. The only energy which contributes in any significant sense
to the generation of the bubbles 12 is that which is applied directly into the liquid which is
to be heated, which liquid is typically the ink 11.

Tt one preferred embodiment, as illustrated in Figure 1, the heater element 10 is suspended
within the ink 11 (bubble forming liquid), so that this liquid surrounds the element. This is
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These advant ages of the present invention are
especially significant in enbodi nents where 30 the

i ndi vidual ejected ink drops 16, thenselves,
constitute the major cooling nmechani smof the

print head, as described fyther below 19

Sel f-cooling of the printhead This feature of the

i nvention provides that the energy applied to a heater

| t 10.to._f b ok
b T ey 1)< B Giae g it & Bidsed ¥ 42
ﬁ@ﬂ@dt&%lehféﬁt WihchhiGs ﬁ@ﬁndémmaadrfh:ﬁ of the néq (bubbé&dfodnmg 11qu1d)

Itself, and the in nto tl [
nr, h@s.qudﬁ%@gyée ¥ Shstnea i o e o Wty i
er Lil€oMNBE elelgé’ﬂteﬂ'ﬁé‘&mbodgﬁedfﬂ @atritadlin rdmmntdmlgmdél is
ron1 e printhead, to provide r au oal in
i exibabubbis 1ol L onle Sl O g B8 fpbOlnen
§ GO | &gm&gdﬁ 629 Wwhag (RRbBIEWill 3y ASmithRw thi eldmeyt. Thus
ej ected an e anmount of ink 11 drawn into the

the iembbxdimenttod Figursl 41de likahvto nsgvida aomorg eHjsiont et i t ut ed
by the sane type of liquid, and will essentially be of
the same nmass, it is convenient to express t he ne
AP varbnkemin, fonemgpleawith oxfertive toFiguiss 3jand; H ethe é??é?rgeiﬁment 10
dded by the heatin t

Gt yRpatet eHCoh e Bl B P ot G idRid i cBfsttres a
tpsWvEs fromejecting the ink drop 16 and the intake
of the replacenment 15 quantity of ink 11. Assum ng
that the replacement quantity of ink 11 is at anbient
Em&@&m@%nﬂmdchange in energy due to net novenent

e ejected and replacenent quantities of ink can
conveni ently be expressed as the heat that woul d be
T@Q%@%&s@nﬂﬂnﬁ@r cohfi@erht@RRShat tHE Beabdr eIel‘héntGJOés: tcmdigmedn such

ot ofiest tahEOUMaBoHls (B0) 1 SR D BRSPS g et to
g%a(g @gﬁéﬁ?&b@ t%%ﬁ@é‘f)ub%léjﬁtlﬁ ke et 1, 88 adib cjdoed diep 16 bEink through

Ia are net depends on what constltute
ahezzaum Iennue pef\aped embodimentythe rrauisedeenarsy ixlgasdhat BT, whilein a

b HRCE 3ok 6 oy B el Bt D, anblent

enpera ure at which ink 11 enters
t he printhead from the ink storage reservoir (not

sh 0] onn

L 5GSBS, b By bty LM s pmty e
B kuebytﬁwd to Hr;egpms alehl)mttsbﬁcanﬂy Erg\fﬁtreﬂ:;aefamr lbnbblwl 2 fo djest an ink
the room a lent te er | C
deagi T S Spk waE et ooy afion B 8 bier of magnitude
ISP LA itk 6 ERYWnIRermBISak jet §ysfeﬁfs Thialplceenetdyeonmmpiion allows

temperature is
Iowne’;' operating costs, smaller power supplies, and so on, but also dramatically simplifies

printhead cooling, allows higher densities of nozzles 3, and permifs printing at higher

resolutions.

These advantages of the present invention are especially significant in embodiments where
the individual ejected ink drops 16, themselves, constitute the major cooling mechanism of

the printhead, as described further below.
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lower, or if the ink 11 entering the printhead is
refrigerated. 30 In one preferred enbodi nent, the
printhead is designed to achieve conplete self-cooling
(i.e. where the outgoing heat energy due to the net
effect of the ejected andjeplacement quantities of
ink 11 is equal to the heat energy added by the heater
el enent 10). 20 By way of exanple, assuming that the
ink 11 i bhle formng liquid and is water

PASERP S REV g a boi l i ng point of approximately
100 degrees C, and if the anbient tenperature is 40

degrees C, then there js _a paxi mrumof, 60 deqgrees C
Tl febine okt UAIos Priss Rt GF E18 PRLed TR PO Gyt 10to form
%%g{}&? bt £ R id §8dt aldfopt 6@ BRI T3 HEoEDReM te Rintesdby 2

hat the printhead could undergo. It is_desirahle to
condhiationf the hesiikerneyed by Hegicsisd W@H#Sﬂf@ﬂ@‘hﬁﬂlﬁﬁ%ﬁé%\ﬁkm into the
éx%tﬁgard ﬁo@r@'fiﬂe ik r%dgﬁ?)ﬁrgﬁ%)t os}l(?%)d TR rebélt 61 tBi8 id tBR)thakbt eRovement”

re very ose Ing point of the ink 11. |
bhieeat witl ebutw:ddsdeore thewprinthead, i nrevidefon pyjprmatia gogling. Under these
tenper at yr | atd ri nt head
e G G e G S R
point, with the unintended, and therefore
undesi r abl formatjon of .
A¢ Lk Agp 6 i B BF et BERK 1 RNt ke rinthend o roplace the
gﬁc@@ afg)'p gtbrdgﬂstﬁttted'lbjt ﬂhakammmiﬂh_ cﬂﬂﬂldlid\i;lfd-wiﬁﬁbsen@qllyéos of the same
escri bed ahove, can be achieve en . t
sy /R EIOH 1 RENEHIBS Dot ORI PRy 35000 8 SRRl e
12 RREAdLE LY B hERBE bEhe BRAREY 10/ ardontRe siRgThend tE toetemwval of
its boiling point when the,hqﬁtlgg S%eng£t é@ i s, not .
heat ey thaesvp Fomcriesiraie Ikdrom Lo yd heimielp pibe rplar
gﬁﬂﬁ'&y &*ﬂffxﬁ SA QBmir@Wht ieTeplateinehtSuitdPof iHEN! & at adabient
at ‘it allows for "a high nozzle denS|ty,aE% fgr f
hinperapedt Grngsrin sansvndiedpastangvsmeniot SRR SPLHRICFRE
5 ?%ggﬁﬁnlg%lcb%gﬂg{@g%?{gfég%d% 26204t 1A welrleRiréfbted to raise

BOTTT g i n hozz acent to nozzles fromwhich
iteitemlpapsrebf trrepectpdidmyp 19, Battwets atpmbient temparaiusey tethe gefupl
as a  hundred-fald. se in nozzl e packing density
%%ﬁﬂWBEPg&% ‘Pﬁéﬂééﬁé&%? such a feature, and the
tenperature criteria nentioned, were not present. 25

oy s soievih B Toaion o i e 0 o £ dethts on

" 8t coRbtitied@a dmbiht tmpehivree i thetpesEit ganecthd feriptemture Hiet is taken

late 2 h f 50 t .
Fi?o ‘t?e t%e ambi%gt t?:ﬂpelign%%ris ‘31% rterr%:e?ature at “arﬁlgh mllqcell enters the printhead from

the ink storage reservoir (not shown) which is connected, in fluid flow communication, to
the inlet passages 9 of the printhead. Typically the ambient temperature will be the room
ambient temperature, which is usually roughly 20 degrees C (Celsius).

However, the ambient temperature may be less, if for example, the room temperature is

Jower, or if the ink 11 entering the printhead is refrigerated.

In one preferred embodiment, the printhead is designed to achieve complete self-cooling
(i.e. where the outgoing heat energy due to the net effect of the ejected and replacement

quantities of ink 11 is equal to the heat energy added by the heater element 10).
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present aspect of the invention relates to the packing
density of nozzles 3 on that surface. 30 Mire
specifically, the areal density of the nozzles 3 on
that surface 50 is over 10,000 nozzles per square cm
of surface area. 21 |n opg preferred enbodi nent, the
areal density exceeds 20,000 nozzles 3 per square cm
of surface 50 area, while in another preferred

enbodi nent, the areal density exceeds 40,000 nozzles
3 per square cm In a preferred enbodinent, the area
B908Y bYexatptPasSit@ing Garihe tak3 1 ipthe bsbh]afoemmg\hqﬁldmhé is water

referring to th areal densi.t nQz

based, i g phoiips ke of Aottt 0P HeBBET Sndin o el
AR afre WD %Pgrﬁf%'@ iteh Sherd % ﬁlnﬁﬁhhum oﬂ60 depfbes Cdrom the ambient
transi stor shift register tgnab e gate and

@m@ww%@éﬁﬁewhbp@ﬁg TIPS vd(% N R e T

ﬁm& L wnbigdgat i fied). 10 Wth reference to Figure
Ich a single unit cell I is shown, the

dlnen5|ons of the wunit cell are shown as being 32

fp];sc&%gﬁacblé 2 at%ﬁﬁ@wﬁ%gﬁsaﬁ%eﬂt&@§wﬁﬁn ligeHnfhead (WBhdd €54 bEtide of

next succe ow of nozzles (not shown

inkrdea}i B ei¢oiop)uxtictpae very clesstortrxiling E’@lttoﬁﬁlﬁ ink Hg léﬂle ink 11

result f t he di I,
HrEet ﬂ? & tW65M%%et8§P&E%%%g li)n 0z z Igjgﬁgy thgpnhﬁi%ad
&ﬂﬂkﬁfe@ulﬁiﬂn soﬂih r@dns beibg atiov8 boilingpeint, With Mm@e@p@ &pd therefore

ColSr oo B IS i Bt o

v@&ﬁﬁ'z@é‘dn!ﬁg@red Buch i e@ﬂpletahaf-mmhngmwiasu:nhgbaboﬁe, sarhbegh

e b e o PPN CbeLan Gl a0 i

gaxaaﬂﬁﬂ Ho18 BhadbRE7 is 0 RefREsC BEEW lite Boibing Peint when theheating
commodated in a square cm of substrate, the nore

clomentd§ iengt aB&ef abricated in a single batch, which
typically consists of one wafer. The cost of

manuf acturing a CMOS plus MEMS wafer of the type us E )
irhetnlam apv:mmgq obthe &aﬂtrhgreg@ﬂpw@éeéﬁtscmwwﬂéﬁ viudous ggibodiments,

S E‘Or a h?l Qﬂ? ﬁgﬁs e 1 eff%?a 16h4p&d OF pi@hdaA0P8ration

orne ore1f the patterns are
ﬁ@thaltlra@mynmmaie @olind mﬁhv@l fyr mravqg@nmmﬂ@@reddwoﬂwsﬁ pezgles 3

ﬁ@?‘éﬂ gfp,kl)ﬁ a0 50319 ?Vglcg-{tﬁé dro é' %e&&iz Fh&Raral®fas much as a

hundred-fold increase in nozzle packing den31ty than would be the case if such a feature,

and the temperature criteria mentioned, were not present.

Areal density of nozzles

This feature of the invention relates to the density, by area, of the nozzles 3 on the
printhead. With reference to Figure 1, the nozzle plate 2 has an upper surface 50, and the
present aspect of the invention relates to the packing density of nozzles 3 on that surface.
More specifically, the areal density of the nozzles 3 on that surface 50 is over 10,000

nozzles per square cm of surface area.
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the same cost than in a cases where the nozzles had a
| ower areal density. The cost is directly
proportional to the area taken by the nozzles 3. 30
Bubbl e formati on on opposite sides of heater el enent
22 According to the presgpt feature, the heater 14 is
configured so that when a bubble 12 fornms in the ink
11 (bubble form ng quuid) it forms on both sides of

Ig@?lp B{ﬁqure R lbﬂ@%@étr &18 l"“ée %? eésr 2e(5 ? d rﬂ)&ﬂ'@s §ﬁer§§uaklocm of
dubfBce §00kren, Qzﬁuléllxﬁdﬁsme:fpieﬁxrhiamﬁodﬁneﬁhehé aieatensiip cxskeds 40,000

bubbl e 12 on both sides of h er el t
HFBES 3 8T OB a?ﬁ@&ﬁ@?ﬁl@f)rh%&%{ﬁﬁb areal fEpRiY i 45 82 dozzles 3
égg Glfd\ek to Figures 45 and 46. In the first of these

I gures, the heater elenent 10 is adapted for the
bubble 12 to be formed only on one side as, while in

SozzleNds fkeimih mﬁtw&pk&ﬁ itry
mr ﬁ&ﬂ_@%@%é@%ﬁt@%ﬁ gegéi‘g[gr med ?LO Qn bo(ih sj des sh%tc::glster

sinsponding tathe antaley whishicepsisty, Spically, of & iy Taosigion&

4Gl 350 And BBl fBEho BB bifouitdy (S ERoulsy R boln@RRcifisdIe
er el effent IS Decause the elenent is

deftiftkdpd in a substrate 51, so that the bubble cannot

be fornmed on the particular side corresponding to the

substrate. By 15 contrast, the bubble 12 can form on

Waihltefetcflestoi Rigurd143 mo;r}ﬁcvl:gmslmle woit @l 1Hs ghaven, $he dipgensigas of the

heat el.ement, 10 re is.su
c‘ﬁﬁ’é Sovg a8 hetig %@q%nsi%wfﬁggfgf%mﬁnsa su egﬁgé&z}e 3of
{?1% ARG cRISTRI oW noAdee st sibwnd mmmlygmﬁa@awehl& pozziee so that,

bubble 12 is aIIovvedtoformso I,

AR b SRR SR Re DL S e B b s s
B&{]ZI& AGeLRuRRch. SEkAS abcut 818mbd BB ﬁdizz&fafrbat uarsnyofmpmls

levable. This is due to a re uctl eﬂ %%hat | Foctri
ﬂ?&@lﬁé@]ﬂﬁt pringieashand sushly 480 Bres the npzz Wé At § Pregieiectric

ater elenent 10, which do not contribute to

?orrmtmn of a bubble 12. This 25 is illustrated in
Figure 45, where the arrows 52 i ndi cate the novenents

heat i Wthe Qdvices are

Sas g{lana eoﬁghlg%}selta?%e?geﬁ 51 (ﬁ&%ﬁ? on tcﬁgefot her mal

badldfibticatéd on sflicon vafesodf apaticular big¢.s of the substrate
relative to that of the ink 11, which may

The more nozzles 3 that can be accommodated in a square cm of substrate, the more
nozzles can be fabricated in z single batch, which typically consists of one wafer. The cost
of manufacturing a CMOS plus MEMS wafer of the type used in the printhead of the
present invention is, to a some extent, independent of the nature of patterns that are formed
on it. Therefore if the patterns are relatively small, a relatively large number of nozzles 3
can be included. This allows more nozzles 3 and more ptintheads to be manufactured for
the same cost than in a cases where the nozzles had a lower areal density. The cost is

direcily proportional to the area taken by the nozzles 3.

Bubble formation on opposite sides of heater element
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be water based. As the thermal conductivity of water
is relatively low, nore than half of the heat can be
expected to be absorbed by the substrate 51 rather
than by the ink 11. 30 Prevention of cavitation 23 As
descri bed above, after a pubble 12 has been forned in
a printhead according to an enbodi nent of the present
i nvention, the bubble coll apses towards a point of

col l.apse 17. According to 1he f I t [
Ao BRI e Piosert Remre, Beheefe {8 i it o B PR o0 1 2dorms
it %%ﬁd nq\txgbmﬁfo@fjnggiqgig?,ﬁhamﬁﬂmoﬁmim of thie heaiérlckopwat 107
t owar ds ich the bu S.CQ se re,.at .
Pagfeiably, if fosms ses th SrQEnd He bl lemes %9583%% Fhf,e‘e?‘i%é'! i b8
bl i\ @gtnis el i gured so that there is no solid
materi al” at such points of collapse 17. In this way
cavitation, being a major problemin prior art
@?tgr%hoﬂ 5K hubbled8 \bh ey sides of 18 Biikter eRhdefifl 10ak @fposed to on one
eferring to Figure 48, in a preferred enbogé nt,. the
stdeanly; casl hervaderstoadywith reference toyiiewes 4andrg- Ay gffﬁ?ﬁ@&‘%s
e Sl B B B o
villietiothalsemid bhithedsifigutestheelbmens dxadapted fos ghethubblg d2 to Reformed

g pa}. .The ﬁdvantage of this feature is that it

°§13’B Sidi 5Py 0i ds cavitation dammge to the heater
el ements 10 and other solid material. 15 In a standard
prior_art, system

a own enat i ' hAHL

TR SoMRELIOn N 707 PE 1S Been O i bhE Pl oy one
SMicldT i hehtasslbadit N0 id tRyaise 16 elowent it hebaldedrizrt subsrate &, so that

rotective _layer 57 over, the.insulati er

bl canat e RSP o1 By PRREUE: Wdrinrondify S FpghE By
BBersP Anubbia8 26he foRlon bYlheiick REhe bdifigaratidn ofHifapdeas the
as shown by the arrows 58, all of the energy of the
Heatiehélemend |1 D hpreds suspmdedsssed onto a very small point of
coll apse 17. 20 If the protective |ayer 57 were

absent, then the nechani cal forces due to the .

@ootsatwhers thélaater showbit 10dsin|the form af  sspended, bearmyg dggeribed
hi s. ener. ' ; so Gl sBrr&iddld h

%\%ﬁ/’n qumg%/%%oég"% %g’ tﬁeggé‘{a élre qgll%%ieoﬁﬂ%gf.ogl-lgaever, this is

fEEdal wambjenidne protective layer 57. Typically, such
a protective layer 57 is of tantalum which oxidizes
to forma very hard 25 | ayer of tantal um pentoxide

TR ARkage A tHeGublle N fdemingonrtatiesides isthe highénsffigiency thatis

the. effects of cavitatio |t t.he tantal ; j .
o SO B B SO Db vt PO Bl in e
%hﬁf&ftﬁ@hwtér leleft@ai 10, WGt do Abt dohBiburde fdryiation ¢fartubblai®. This
netal, so as to s .

is illustrated in Figure 45, where the arrows 52 indicate the movements of heat into the
solid substrate 51. The amount of heat lost to the substrate 51 depends on the thermal
conductivity of the solid materials of the substrate relative to that of the ink 11, which may
be water based. As the thermal conductivity of water is relatively low, more than half of

the heat can be expected to be absorbed by the substrate 51 rather than by the ink 11.

Prevention of cavitation
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effectively repair the tantal um pentoxide |ayer. 30

Al t hough the tantal um pentoxide functions relatively
well in this regard in known thermal ink jet systenmns,
it has certain disadvantages. One significant

di sadvantage is that, in gffect, virtually the whole
protective layer 57 (having a thickness indicated by
the reference nuneral 59) nust be heated in order to

t f, h [ into t.he i
3 doxsubeg ot e AR D ben B gt ooty B B
bk &R bk Ff@@rﬁ irfhuticinptht bebblesollagsegiowads o pbiot efisiolidpse 17.
Sroriisato 1y BASTUFSSeRU U S GL o e PBPUS AL ligored
HR the®tibhEAT2 sothdt MeipdintRsfiebllpee Bt totwhes Ivbicklthe bubbles collapse,
esignated 59 to raise the teﬂgeratﬁre at, the,| ev

ate st psitioseistBoedsm fieibenien clemegts Tpqpinioped 5 gpsgured s
g;:a&&iefef%éﬁﬂ {?gd g:lnaiteﬁaﬁat SRS AR drablldpser M ah tHioway éititilsbeing a

ace int rections indicated by the arrows 61.
fHlajor protileswid\paint artibenmel ink jet deviprs, is lasgbnelimipatede neat er
el enent 10 was nerely supported on a surface and was
not covered by the protective layer 57. According tq
Rbferdrads HigprepiSemerprefprredaahodinient thedieatar clementyHbage sosfighred to

tective, | 57 i i i
BB L Ve S AP B, SR et 2
bd {hasthe péin of collapdeddrie whih thedhmbbldscollagpe iaretloestedabsuch gaps. The
17 at which th i s, L.i rerial..
sl PAER B o P B R e e
SRmehts 1 D end\@B&RbliGhaRRall 10. As there is nerely the

ink 11 itself in this location (prior to bubble
generation), there is no naterial that can be eroded

4 Sadtiird fHor 8 Eﬁf&ﬁas%oﬁ@ydh&ﬁhﬁ@ny inThguré 8Tyl ledater eement 10 is
e

t oi nt” of collapse 17 15 may reach Ean t housands
embetislgd ieassubstrazasSs, with apigaleting layer 89 OYH ep%

it
£OBO MV RS ﬁﬁﬁﬁ%%g;rl s, Wtﬂeﬁ 2 BESAK) T8 ¥indel By tHelelement 10, it is

. conponents at t ol nt. However, the volunme o

f
Gortried o toperftlerciament When the byibila2 eollapsgt, pafhosmpy theartows 58,
S t hat r ' ' £S5 '
70k 6 SESIEL SUBEB o e .
ithbpetetitvedayedr Haweictabsanl, i sesmedbameal $orgesysiuk frt the pavitation that

col se 17 re .th S ] i Al .
SoHCRaT i 118 HBayde T is ko B ot PRL b 170 @RI ip away
bPabde the Reaelvhed: 1y Hdveevpaitis it freSentet byt the protestivelhsnA7.

in Figure 34. The elenent represented is symetrical,
and has a hole represented by the reference nuneral 63

apichify, ﬁﬁ:ﬂtagkoteéﬁbs Tauyert 976 6f @Ml witich esidies totfham budrphard
f Oornms "ar oun s indicate

th | t d pby. th hed
Lo LG Paan R BhergDo AL e v elelsls g SRE ARGt e
Qe ADEHafatiol AP HE Bitkalurd PARSxidSsholld b chipp&Tawdly due to the

cavitation, then oxidation will again occur at the underlying tantalum metal, so as to

effectively repair the tantalum pentoxide layer.

Although the tantalum pentoxide functions relatively well in this regard in known thermal
ink jet systems, it has certain disadvantages. One significant disadvantage is that, in effect,
virtually the whole protective layer 57 (having a thickness indicated by the reference
mumeral 59) must be heated in order to transfer the required energy into the ink 11, o heat
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t he dashed lines 64 and 65) it spans the el enent

i ncluding the hole 63, the hole then being filled
with the vapor that fornms the bubble. The bubble 12 is
t hus substantially disc-shaped. Wen it coll apses,
the collapse is directed gp as to mnimze the surface
tensi on surrounding the bubble 12. This involves the
bubbl e shape nnving towards a spheri cal shape as far

3 h ] h '
o a5 oo g puboler S TRk Lo £ ol A et ecr R ot YR g
himlidWeiEIR G 8 takahithand) elicrebdeathe bffmanqrﬁf&he leht transfer. Not only
heater el enment 10, where .t

dops thip increaserths m@u@h@@p&t@&gm:e@%# 3 @easlvei ﬁeggm\t?{ 5o raise

SRSY dehgwred 60 shifgien®y B heatsh mamt Jibgtit eo fesults
é:gt%egitg&;ﬁﬁt% | ar re%igl&t V?/I th tﬁye bu ’%ﬁﬁ;‘? ratl n

e subsianial thernis) loswie tekensein the digeciens WS
?{ﬂ%&e %@%&aﬁ@g{‘@bﬁ@ ndtde fé‘égﬁ? kﬁh@@aieﬁﬂ&ﬁ&t heivag n:lefél;t sh@ported on

cente of the elenent. 5 The heater
e e andl@asmepeayersd by thegrotedtiue lsyer5710. 36 of the mask
shown in Figure 36 is also configured to achieve a
simlar result. Wiere the elenent 10.36 is di mensioned
Sudcdrdinp ad the fdatardymbsentBurider dsismtsstiqn, thameddofor pioiegtive layer 57, as

3 aCﬁ r %g%ee%m%ﬂé Yb%g%tla ﬂ:t12r§9 It c@% si & 111ustrated in

f or rre suc
p 489fov@fﬂs |a®Bﬁ:lEoil' @Hap’se u'm et wlﬁgh thﬁ'e dkedd sobid nfaterial) amdmore
For

| e
RPUHL Herb L e H G raries gl Sefio; Rl tero s
egegfm% inkO113Rel€ ﬂﬂﬁ%‘loobﬁori(%ﬁb%u edbbm pénsrativn), thee s do material that
es represente a at are So
et i oy ot g ceiton. [0S PR TR f sollapse 17

g%acﬂﬁnanmbﬁsaﬂﬁ%fﬁegr&as@ 8448 Reosiated by B@ipheomenoseft h
ase regard to the heater el ement B)dgtrglsent ed

s@omngmsen@ﬂhsmﬂ brerl down ihe dk compgpentsié thet o/ et the
?]I%e%f Bl tér@ﬁegahﬁr% gﬁt‘u@ Eé/ml]t% chiMpké€ PisRE stRIethad tE d@truction of

e regron i1n ol nt of "col |l apse of the
hikhiohponentstin tHimvdlume Smehdignificaghipor deposi t ed nozzl e
plate and thin nozzle plates The nozzle aperture 5 of
each unit cell 1 extends through the nozzle plate 2
trhe gﬁﬁ?azlbﬁ opdhabﬂablezm sdrihst itonllspdcs towiardy apoit p se 17 where

ichis che I i
q iHe’s a%e gﬂ @rﬂsmg %?{%er%%%}:ssl Og.?rrgsa(ﬁam%ﬂo%at
éﬁ-ésbﬂ:@d bybthk { p&?zﬂﬂ) T ePtheiashyshown inigure 4é. Théldlement represented is
vant age of the nozzle at bei n for D i
syareiical; andihgs ahole FeRTesend % tﬁf {eﬁ%‘mceg Ff;%ua}t q‘éﬁe%r ‘When
Wel&%&?ﬁ@eét&g tiie bR Forh® affudd ﬂlete&n@hf‘(aﬁ indizated betiieslashed line
such as the
64) and then grows so that, instead of being of annular (doughnut) shape as illusirated by
the dashed lines 64 and 65) it spans the element including the hole 63, the hole then being
flled with the vapor that forms the bubble. The bubble 12 is thus substantially disc-shaped.
When it collapses, the collapse is directed so as to minimize the surface tension surrounding
the bubble 12. This involves the bubble shape moving towards a spherical shape as far as is
permitted by the dynamics that are involved. This, in turn, results in the point of collapse

being in the region of the hole 63 at the center of the heater element 10, where there is no

solid material.
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25 walls 6 of the unit cell 1. This is an inportant
advant age because the assenbly of the nozzle plate 2
that woul d otherw se be required can be difficult to
effect and can involve potentially conplex issues.
Such issues include the pgiential m smatch of thermal
expansi on between the nozzle plate 2 and the parts to
which it woul d be assenbled the difficulty of
successf ul | one I rs
Tiscmivg e Ry B iy R R il

?ﬁ@@tdﬁchi%{?@a .aﬂha&esu&, with thb btﬂmnajgeneﬂamgmm@t@ byttbe dashed
e

ot her parts.
@%%ﬁddhe paintt eplpiath &?%E%‘efbﬁ‘.%‘:? apds e ”5%‘9"“‘ hole 67 at the
Wi Brdhb Blefnsntt e si ze ink jets that can be
manuf actured. This is because the difference in the
coefficient of thernmal expansion between, for

gl SRl eleet?'16 lfsﬁ:‘res@tﬁ@c?els@h Dhadtl 19 T80 1 r&débSﬁdvﬁilﬁ mgme 36 is also
|01 ﬁ nozz l'ate i s connected, where t

mﬂﬁguueétceachquﬁ mgmlpq reewt, Wihgredhy elemery, B@@%ﬁtdpg?usmged such that
§§ gns)l%%% g!‘%&a!r m%ﬁﬁcf%%]gmar QesHf %Ie%@&@r MindnPday affect the extent

nozz es, the relative thernal
@(vﬁﬂdsa mmmam b@ﬁa@mc‘ssmb thabigspointef eallapwsds infhe jsgiop defined by

gljge%t ed .f { d ehlg%ﬁergg éﬁp,t as L G0F gﬁ&&ﬁy a%rds@ Whére high levels

ire or bon arts
bpeﬁ:eﬁx’a &fin tipafemepaLEES cannbt fve achiieved,rthis may mulé in bubbles represented

f t t

B UIAD b 2 gheP b IETap0 A8 R b Pefoftttafied BRI pbibt S¢
aﬁmhhﬁﬁ sueh @Rinemyeatbar asamﬁ aloyse] With fegaﬁltnr ’és heftertehement

tqpmgl nve@n}{tl o resentgslgﬁeﬁjq'agﬁ:pﬂg{) 0&%%5%1?:5 tr aléﬁlfnp v.°é%§ed thereby

fh‘a EL: a6 8¢ thDAkicA e Hhich tgoid sSilapse df dedublsiaisrta lfilly
nlna

ed onto the renmai nder of the printhead under
conditions of relatively high stress. This can result

e | asRidlaas of the 15
ﬂe,gfc%% & eﬁﬁ_ﬁ@%ﬁﬁnozzlﬂe plate 2 by CVD

in embodi ments of the present invention avoids this.

f { [ NOZZIC ate
The it oaﬁer%g%’ﬁ‘p%@a%?uﬁi cdiffs ggén%ﬁl%ugfi%ﬁtd&ﬁépﬁf 3, B pozzle plt

east 1T h e ments - thereof IS hei r
ﬁﬂlﬁ'ﬁ&ishhﬂnhg ) ytrunntrdnwhwh mﬁamgedsl:e'@méu@mrdeposﬁmn (CVD) In

rmnuf UL R REOSES b£iPbAGHS nitride.
TR zzI e p&sﬁﬁ)&bﬂt@% ?1%12@?%\ ﬁ in the
prlnthead at the scal e of normal silicon wafer
Loduct i on. US| 09 B 0C£8SESr ALY E¥DYSfish il 8orkRH s place
without the requirement for assembling the nozzle plate to other components such as the

walls 6 of the unit cell 1. This is an jmportant advantage because the assembly of the nozzle

plate 2 that would otherwise be required can be difficult to effect and can involve

potentially complex issues. Such issues include the potential mismatch of thermal
expansion between the nozzle plate 2 and the parts to which it would be assembled, the
difficulty of successfitlly keeping components aligned to each other, keeping them planar,

and so on, during the curing process of the adhesive which bonds the nozzie plate 2 to the

other parts.
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Exi sting thermal ink jet or bubble jet systens
experience pressure transients, during the 25 bubble
generation phase, of up to 100 atnospheres. If the
nozzle plates 2 in such devices were applied by CVD
then to withstand such prgssure transients, a
substanti al thickness of CVD nozzle plate would be
required. As woul d be understood by those skilled in

the art h t hi.ck f .d i .
it b oS bR ohl ORI Pl Shn R B e
SOniFRfs tex sslcamariufieirddl dhivdsbecatse thc diffetencs i thie coafhicient of

w thstand_a 100 at posphere pressure i the no .
v e ey Smgien s B aog e Pl EPBREE: Bvbich te
1728 S conMBited) whidRWEis Substidite is ofeilicor] is duite sitstantidl. i n
accordance with the_present inventjon, a?g ;%‘élgs ‘EJ%SI'elaﬁVC

Genspaugntlys Prst 2p ymalhgdistarcegp thakoosupipd bjse
ﬁg&%ﬁg&@ﬂr@gﬁ i fecib Bhwaentthl RIS RRE if BEib heated from the

P ating to drop ejection, |In this case, due

dobie dempivratin bsthe eringdomnesatyye sequired for hendime fheparts dogefper, can

‘?aﬁgé’ 3 oqqﬁnﬁ&aﬁ?%?éi?ﬁﬁcaﬁﬁ%%&tef%Q—gvhblé n6iAST8MAh. This
erethrough results Tn signrficant |osses in the

woiild be sigaificantly diteimgatal foesuch daiessher probl em t hat woul d

exist in the case of such a thick nozzle plate 2,

relates to the actual etching process. This is )

AfShetiphghldnt addrésbel tydhefeatu®s bfthe irvhetibn raesenthiowder discussion, at

i I t h fer 8 by
fo B ottty Bl e oAl O RAE e be
J@éﬁbled/\%g lgfhel‘agl@ilﬁﬁhilltyd 16| the ranaindee ofﬁa ?ﬁimeam;mdf(mgndjﬁons of
t (0] e a leq.., JO Xpose a | ne
ot hish strgs. TG Chuy in AreeEaRy Somo R p defo B RE Some

A deb. Cild debShithip Ut BikthozA18 plalt by OVBlin eiddimerts dfithe present
stepper that is used to expose the resist is

inw¢riongeids thigal | . Al though it woul d be possible to
expose this rel evant depth of resist 69 using x-rays,
this would be a relatively costly process.

15 A
Adurilive ndyontolt efithe prasentidseiiess ekihs invaptias, dtdeat in epopdipents
{ﬂggz;é{r‘, % Otﬁélﬁ%q%ﬁ%&kﬁ@u@?%ﬂ% 8L rficBndhBtor Al Rty hdcesses.

eposited on a silicon .
Bufisiting b@owdé plate 2ity GV bllowsthenergle pte torhe ingluded inthe grinthead

in, thermal expansi onbet nt s
%%%icg'ﬁgz?"faﬁpﬁﬁiﬂ Wl ptl'?vf@&?on er e%llag%s rgééglé o¥ 3v'\Jilg %lﬁf."%sm _
tdhdekodapngiches | ayer, the wafer could be caused to

bow to such a degree that further steps in the
| ithographic process woul d becone inpractical.

Existing thermal ink jet or bubble jet systems experience pressure transients, during the

bubble generation phase, of up to 100 atmospheres. If the nozzle plates 2 in such devices
were applied by CVD, then to withstand such pressure transients, a substantial thickness of
CVD nozzle plate would be required. As would be understood by those skilled in the art,
such thicknesses of deposited nozzle plates would give rise certain problems as discussed

below.

For example, the thickness of nitride sufficient to withstand a 100 atmosphere pressure in
the nozzle chamber 7 may be, say, 10 microns. With reference to Figure 49, which shows a

unit cell 1 that is not in accordance with the present invention, and which has such a thick
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20 Thus, a layer for the nozzle plate 2 as thick as 10
mcrons (unlike in the present invention), while
possi bl e, is disadvantageous. Wth reference to Figure
50, in a Menjet thermal ink ejection device according
to an enbodi nent of the pyesent invention, the CVD
nitride nozzle plate layer 2 is only 2 25 mcrons

t hi ck. Therefore t he quidic drag through the nozzle 3

oS Sl B opbetd el 8 P9 ch rob P S nd etng to

/3B efeBiidnSIn thidicede @S0 ﬂﬁﬂhiblﬁﬁﬁh dfaome:ﬂsiaua @zthk dsid8: drag exerted by

such a nozzle plate ess on
amgried & a1 85 S tgiayal bR FglelpdToppes in e
gﬁlcggéw(ﬁ»lt%aelaica nozzl e pI ate 2 in this invention is
enabl éd as the pressure generated in the chanber 7 is
only approxi mately 1 atnosphere and not 100

i% gag&ﬁ wloﬁldr&ki'sﬂﬁ R dase STRWICASick A6 zABHlble QR Thtes to the
ove. ere are many factors which contrjbute to

adveal siching brasesst Thistdaewming thf thanosalgdds eirhesisehewn, perpendicular
tnli hine. Thi
etgig{vraﬁe% &f’ lslﬁﬁratg ?%ﬁ%gér x3m gﬁ u§m§ X%ﬂaﬁ@% %_fgﬁ:rﬁﬁttatg g. This
fm’@lﬂltgmaill@ require morzezthen 1) mistbng hﬁwbéfr@?to be gppligf aBp pxnoge that

£
BhaFhERe B B0 AL AR AR e e
eehl depi of GEZskeppar that id lmedatdﬂxbaea]neeaslstﬁs relatively smallli Although it

drag .t hroygh thin 7

pe PassfRiglo Fpesey Sﬁ?mgt@&tﬁ éﬁesﬁ roug%’?ﬁ&’% wpuig b ca
Rlativelyfco®BPrbdegs. oper ati on. As nentioned above in
relation the process described in ternms of Figures 6

to 31, the etching of the 2-mcron thick nozzle plate

|rBBher probihPindewolivexibaliVmbh a BidaRezle Plad Bintivaseowhere a 10
st age i nvol ves the etching of .the region design ted

mmicrh Sikdeyep at eS0T EUDISPIRIE Pt BUCON SIRIGHEAlEy 1 tat
)éhcﬁhsevﬂf lle tﬁﬁé;}'gﬁ% u# Ba%m!m éﬁlaﬁsﬁ)ﬁ Betfhreenkhe C‘?ﬁlﬁfer %h@ihe substrate, as

age |1 nvo urt her “etch in the re?
det g thatigreatstiess f withir thickaleperited pyerviie i  erudbe gpused to bow

{o LRk Qgeree Q% ind Rihd e Rhodifhid prbéesiFsult Becomd Bnpractical.

' Thus, a layer for the nozzle plate 2 as thick as 10 microns (unlike in the present invention),

while possible, is disadvantageous.

With reference to Figure 50, in a Memjet thermal ink ejection device according o an
embodiment of the present invention, the CVD nitride nozzle plate layer 2 is only 2
microns thick. Therefore the fluidic drag through the nozzle 3 is not particularly significant

and is therefore not a major cause of loss.

Furthermore, the etch time, and the resist thickness required to etch nozzles 3 in such a

nozzle plate 2, and the stress on the substrate wafer 8, will not be excessive.

The relatively thin nozzle plate 2 in this invention is enabled as the pressure generated in
the chamber 7 is only approximately 1 atmosphere and not 100 atmospheres as in prior art

devices, as mentioned above.
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20 Nozzle plate thicknesses As addressed above in
relation to the formation of the nozzle plate 2 by
CvD, and with the advantages described in that

regard, the nozzle plates in the present invention are
thinner than in the prioggart. Mre particularly, the
nozzl e plates 2 are |ess t%an 10 microns thick. 25 In
one preferred enbodi nent, the nozzle plate 2 of each
unit cell 1 is less than 5 mcrons thick, while in
anot her preferred enbodinent, it is less than 2.5

Thé 28 %aahfr‘ Edetors JVHGE eshiritite o Iﬂ&fﬁ[ﬂifaﬂnﬁrh&mﬁmﬁsm&a trhvesient
nozzle plate 2 is mcrons thlc Heater el ements

fegwiraddo Fﬁc‘fdiﬂmséﬁé%%hlq sy§teps Th K8t ding to the
prg&mgmégp&%gﬁrﬁ here are a pI urality of heater

€l ements 10 di spoded within the chanber 7 of each
Uniatcucast fabricativn ef vzeled fed chambefi ch are formed by the

it fiiebed above in relation

%' gﬁm&%&ggﬁggﬁgﬁorned in respectlve | ayers. 29

4nvpnydtﬁverﬁn&1mb@d‘rbmnhm5§talké@%q%%ﬁzﬁ 3Fi gures 38, 40
t he I pts 10.1 and 10.2 in the

S hanapm roef G2 B oy S BEL

erent” sizes relative to each
ch@vﬂuﬁloﬁrsg)thﬁmmmmlmmbn@zle&ed with reference to
above esc n.of the |4 hic process,
H’?ﬁs(ué‘? ;(nﬁf&cilon }151!1 %hg(ﬂg%t?ol’red by at | east
Qngd%&ﬂmgfopérb@dn process, the |ithographic steps
relating to each one of the el ements 10.1 bei ng
distinct fromthose relating to the other el enent

A9 n?enu&{éd Th&cth &MRBA shelfockss dle@crﬁxe& tﬁelmisaffﬁ@bésyi ts Blz,ethb
rel ative to each other, s r ef schemat.i ca
{aﬁ §8esuch

etkingi pEie Arwigron thigkpezzis p t%\%‘ﬁ Vef‘ H‘Q/m 2 (i

P{h Yol¥&! &g ﬁéﬁﬁ d 12 R 1ﬁ ek 34 arfios0; tvaform a recess
can cause In drops 16 havin ferent, g’ E%Lh

mntslghbﬁdhatvdﬂ beremettes asazlefistt-ctha qsa'gqh stage irfyglyss piugther etch,
?10%6}{&1 & Lt:-da‘{6 1}:1 @“ié{I& 8k land 50, Wichachh 8y RiBS1the Abzzld Rrture 5

t vol unes of the ink drops 16 is

dlﬁiﬁnshel&rérlmyﬂ he relative sizes 15 of the el enents

10.1 and 10.2. In Figure 51, the area of the bottom

heater elenment 10.2 in contact with the ink 11 is

Nokgeplahabichiesiedp heater el ement 10.1. One known prior
art device, patented by Canon, and illustrated
schematically in Figure 52, also has two heater

Bls@AMEBsed ddvé iPRIhtidNiodhé mmrofrﬁmmlzﬁg phtadz b;h@gg md@vn‘h the

al so sized on_a 20 bin %’F% @ rogl & re er
advaptesasglengribed B tﬁﬁtrr%% 5 © plofet Gy Profer LY CROR A,
#0n3n the prior art. More particularly, the nozzle plates 2 are less than 10 microns th1ck.

In one preferred embodiment, the nozzle plate 2 of each unit cell 1 is less than 5 microns

thick, while in another preferred embodiment, it is less than 2.5 microns thick. Indeed, a

preferred thickness for the nozzle plate 2 is 2 microns thick.

Heater elements formed in different layers

.According to the present feature, there are a plurality of heater elements 10 disposed within
the chamber 7 of each umit cell 1. The elements 10, which are formed by the lithographic

process as described above in relation to Figure 6 to 31, are formed in respective layers.
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10.2 are fornmed in a single |layer, adjacent to each

other in the nozzle chanber 7. It wll be appreciated
that the bubble 12.1 forned by the small el enent 10. 1,
only, is relatively small, while that 12.2 fornmed by

the large element 10.2, opjy, is relatively large. The
bubbl e generated by the conbined effects of the two

el enents, when they are actuated 25 sinultaneously, is
designated 12.3. Three differently sized ink drops 16
will be caused to be ejected by the three respective

BURbIe& chholimeh, £ ABHn kFigured 38, W) kid S1g e hpateciaicats 10.1 and
that the size of the el enents 10 1 ?‘ng 10. 2 t hensel ves

102 in{Be chagiher 7 &t ofdiffesent pizes ApUVRIP § @6*1% cause the

ej ection of drops 16 having different sizes or the
ejection 30 of useful conbinations_ of, drop gﬁ_gndee
Alse apiwitbbaapmescighed ity TriaspocRdp the Abpvaiessripfipr el Hosraphiic

frhg %ﬁé%e?éé LiBGeA1168, ﬂf 2 {stf&n%h %?ﬁﬂ%a?st b s%ef of Qaatzproce% the

Ves n SlIzZin [ emren

hibhgrephic Hemsaelgtingso g e gf @p elpaenife ] bﬁlﬁé dlrsh%ﬁt 8%1 those
rfgn%n?ﬁttgéot%&l g&n&%égundl ng the generation of bubbles

nam cs characteristics, the quantity of
liquid that is 30 draw ng back into the chanber 7

R L s

§Abmaticafly inftke slugramaﬁ Fipuead , oichtiaethey ealmuhlsve Hifarg weighted ink

dr S b iR bp e s o ot T PR TR B et

V&b 18 Se ¢fetied HRbULNESe no2z VB F ﬂletphﬁlcﬁllaﬂmﬂfellﬂ h&hb adievement of
el enent s 10 is fixed an tio,of

t
Bapaveeighige! e e REIePORE ] @&q%ﬂ% oy BRgplgiv ses
th@{a BEad 165 aRE108 hBYARe Sdithisd @bt RebmAehtatsleridne10.2 in

supply voltages to the two el ements. This can al so be
cantrickwishl theynla Hj i swicathat ofdop bratoseleBnid0. e he oper at i on
pul ses of the elements 10.1, 10.2 - i.e. their pulse

w dths. 10 However, the pul se wi dths cannot exceed a
Oee kaivm iv ari dedée, patmm%d bieCanes cand ildustrated sobematicallp indHgure 52,

RHE RIS Cetip P 18 kel FOPR antlpde o iged pne
bﬁal@'fbadus titel pmdune)dxef:é .‘B&:w:tth b]uawhea@tddemhmm)d Thesh elemspis 10.1,
heat
0 peisd = Snle et A LT et s bor sl ¥ e
Wt@id ihﬁtQh@EiuéDMbl 1ot ibﬂﬁktﬂll ‘tg&hdﬁnﬂl eielﬂemt e, cmbd isatlatively small,
| C o are_ej e e
LR OO C T T i —

& Bk &ﬂﬂuﬁb@ effeMPbEMBE to élemaite) lwhén theD are actuated

croseconds, the m nimum pul se w dth
simultaneously, is designated 12.3. Threg daﬂ%renﬂy gized mﬁ drops 16 will be caused to

be ejected by the three respective bubbles 12.1, 12.2 and 12.3.

Tt will be appreciated that the size of the elements 10.1 and 10.2 themselves are not required
to be binary weighted to cause the ejection of drops 16 having different sizes or the ejection
of usefil combinations of drops. Indeed, the binary weighting may well not be represented
precisely by the area of the elements 10.1, 10.2 themselves. In sizing the elements 10.1,
10.2 to achieve binary weighted drop volumes, the fluidic characteristics sutrounding the
generation of bubbles 12, the drop dynamics characteristics, the quantity of liquid that is
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limted only by the available current drive and the
current density that can be tolerated by the heater

el enents 10.1, 10.2.. 20 As shown in Figure 51, the
two heaters elenents 10.1, 10.2 are connected to two
respective drive circuitgy,70. Although these circuits
70 maybe identical to each other, a thither

adj ust ment can be effected by way of these circuits,

for exanpw%@g%@%‘%(ﬁp?ﬁ F%[lgl"‘é’t fans rl@ﬂas%ﬁ&teﬁ off and so

fc]?'@t Pt be CoHisidRIT. 2&:0&11;@1@% ifte, actuall r@ﬁf oﬁthamrfabm:eas of the elements
connected to the up el epent 1

0.
164, 106, ar o eerrgmRe R gV o DR PESS EHEE ardé“ﬁf?&é‘? PRRRe % acicve
ﬁi %mm”&m%% &opb@ukts. the ratio 2:1, the drive
;

ansi st or e circuit 70 connected to t he | ower
el enent 10.2 would typically be twice the wdth of

&\Hleredtﬁ Yi%e éf Ot@ihmgﬁk ﬁf’l N9.250 §WEH an@ fwHe RN E #aki6 WF theif Surface

nnec ement 10.1. 30 In the prior
avehs id dmfmrb éded nherrellatm sms ekrigmiegidrepss mayihe adiasiedby adjusting

I
EF’ gge@%goléag%t P lﬂ}e %gé u sﬁ% D gms%%eﬂ%%‘gg%y aBiSng tBE ©
didahergsfatidoperation putbaof theletegleptsdaésbﬁ 2 t . thedr mllﬁs@adth@ nt

{-{?gey%tg life nt hgvent ONedd l#ﬁ}ix.&gﬁlg‘gnt gghﬁe@%&cﬁlsé#we%]oubble

ap QyEhucREed bRMEBGHRS efaf dlenertt & 1 0t0LRe then ahydieatibn of pulse width
descri bed Hﬁ thfwﬁroces illustrated with reference to
riterdhat §ims % boofliflgar s @iefl a)  to formthe el ement

10.2 is deposited and is then etched in the

i thographic process, . wher a, sacrificj a

O e Slieose. o rip T phige s feriEats | b fiedhem to be
E{Eﬁt&f foBtach, Vel c*uﬁc!% R hpBr@aBIWhidP bbbl 1deRBini«itng at which

he sacri

i cial Iayer is between the. twq
drapsrdh are|em;aedswmlnéhe| raapamus eifeeive §%®W@%}Séﬁ%¥?§ %Fdﬁafmset of

bg%b% fe%tl ﬁ/ 1(%ﬁ§ g)rhgodﬂd Qéoﬁds HeARinirAbA phlbSwidh is

IC a |1 S reane Referrlng once agal n
lignitel en]gf"bfvﬂmraermlabiﬂ @asntaifive b the eureent danaipethptcoan be tolesated by

2 ed above, this has the advantage
éﬁﬁFﬁefagﬁ ?ﬁgiﬁﬁg'elenents to be sized so as to
achieve nmultiple, binary weighted drop vol unes from
one, nozzl be a e t H
P76 e B BBSEPAh R BAE e romve
Idbive LiR@ts 70, eAiﬂhdﬁ%h hevedighiteTd maymd@immg Bathmrth'ar a further
quality can be obtai ned Mﬂ | € usi rtloq ever
adjusﬁnent can be effected by way of these circuits, ot example by sizing the drive
transistor (not shown) connected to the lower element 10.2, which is the high current
element, larger than that connected to the upper element 10.1. If, for example, the relative
currents provided to the respective elements 10.1, 10.2 are in the ratio 2:1, the drive
transistor of the circuit 70 connected to the lower element 10.2 would typically be twice the
width of the drive transistor (also no shown) of the circuit 70 connected to the other

element 10.1.

In the prior art described in relation to Figure 52, the heater elements 10.1, 10.2, which are
in the same layer, are produced simultaneously in the same step of the lithographic
manufacturing process. In the embodiment of the present invention ithustrated in Figure 51,
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15 printed dots, and at a lower print resolution.
Furt hernore, under the sane circunstances, 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 egpivalent of one, two, or
three drops m ght be ejected. Assum ng that the
avai l able refill speed of the 20 nozzle 3 is not a

| ' Do
tho v hetert At L PP % AaepiBae iRy L HEI0 Ry oft 4 e
PRVEY 8% deséritRd ROBE bdctse ﬂldsilratéd With weifdrénce yoaFigakd @totﬂel 1alc ‘material

I|mt|n factor, In thjs case Ie3 t ake

fognmplqnzfﬁb@ﬂ F&W(@*‘?‘* fod iy ﬁﬂ?P’%eﬁ.%ﬁ‘s Hg © BFocess;
heRaAS a GhEidil I\éf‘erlBQ id d’éﬁodi'fe@ biitoo$ t]ﬁﬁeldﬁﬁm,)anli &aan igeematerial
ej ected than when only a m nimum Vo afﬁg?r bee

&jrdlos adbier elamai Ayl is rleposate&csp.ﬂ@éthetsa%ﬁq ik
mtthr Igs%%'si ‘g{i@% & of e s¢cRRPelbBerdtabiilid etchedibsy als&oﬂ& !ithbgraphzc

en nan1cs and the surface tension of the
smja(, abd the sRetfisial layig 30ds ®imgede 53, there is shown,
schematically, a pair of adjacent unit cells 1.1 and
1.2, the cell on the left 1.1 representing the nozzle

Refbiimyonse haainge the.tifferens sizes ofitbphear plgaents Boh and Hk2.68

PSS Ay bk ot ol Abvalrofs Bl GlapRs e Qnfus B s s o5 t0
deraeve Houltiplb iy weithteddrop volhmenfrombobidzalel t hat has

fornmed inside the partially enptied nozzle 3.1 1is
| arger than in the case of air bubble 72 that has

QB apprbd@ited mb@waaa nduitiple/@op muﬁhre@@nl’oaaclhes&d and esoetdlly if

o e 6 s S i T

- dotd, 208 8t Tbvet Qseaser surface tenS| on force
%H%“!c?ﬂ ?en ds to ?aﬁv%/mt?f}e ink 11, fromthe refill

passage 9 towards the nozzle 3 and into the chanber

M%jr%t 1 ﬁf&elfcﬁfa an@éﬁchﬁgt Qx‘lgh@spem&tﬁg 8Bbd dcBRvEd) That is,

Ing tine. chanber 1refills,

liisterad aﬁjwsej eting enpalropsingtaanarniting foufhe P@Zdﬂr?emcféﬂh ithq qoivalent

t
D
in6zzAke3 is rﬁt 4 hmftmklﬂtdt@ohnh etctidneasirehecquintiag sipde thires tivaes faster,

I |

tekbtet. GO dabepthenszdleRoilbtiks slightinhingerto tefitloiten 2 tdple xolume of

fI ow of I | qwﬁ‘ﬁl nto the c A}?RS‘B"%‘%%Z’PM éﬁ’@ﬂ""%ﬁ"“}yam‘mm

%ﬁlﬁf‘é' dro;ﬂﬁafs 86dn dctddht E—E:Weﬁer} ﬁl@iracuaé it il adt talde ak aduels as three times
l'onger to conpletely 10 fjll the c

ol éo BRI Tbinde i3 HEmEFeh PG AR B SUSe FrSog of theink 11

present than from when the condition 74 is present
even if the volune to be refilled is three tine
Iwegﬂng toiFigureith hemesks Shovin sehsmiealy Pt AL agseuRt cells 1.1 and

1%” ool Bn Eif1b 1 1 E&?es%ﬁﬂfg{ﬁé nozzlk 358 NRELE Goldmd of drop 16 has

been ejected, and that on the right 1.2, after a drop of smaller volume has been gjected. In
the case of the larger drop 16, the curvature of the air bubble 71 that has formed inside the

partially emptied nozzle 3.1 is larger than in the case of air bubble 72 that has formed after
the smaller volume drop has been ejected from the nozzle 3.2 of the other unit cell 1.2.
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Heater elenments formed frommaterials constituted by
el enments with | ow atom c-nunbers 15 This feature

i nvol ves the heater elenments 10 being formed of solid
material, at |least 90% of which, by weight,. is
constituted by one or norg,periodic el ements having an
atom ¢ nunber below 50. In a preferred enbodi nent the
atom c weight is below 30, while in another

enbodj nent t he .atom.c Loght.i s .pe

The Bishetswaot sy of s i) S e Bier surface
tohsibn roRéeaiic tei.itﬁ\tgdﬁwltba/\ﬁk. 1 DRy » theaefill pdseged m\mf dsgbsnozzle 3
energy. is required, to rajse the t rature of the .
i) e Shafpb o1 S RAled by CheigEw Tan Lo 4 15 o hster rfiling
HRCLEA $h0 ephnihér 1.0 astls SKichdh@sla stBed, BRighked 74, Rehere the condition is
tenperature of an article is essentially r Ialfzrgdfto i cell
sirmalastodhat insthe adigcsripmit ¥l 1 2nky this cpnditiogy tbﬁﬁbﬂﬂﬁtﬂ&_ Of Hg unit ce
15 QQfé&ﬁéiﬂr' ¥filleld tandMink kR WnkiBn F02Ehat BRFEre kéliubell ThistrBailts in
tenperature, and thereby i nduce such a nucleus

fovedfitbspeed slowiag Aewmevealthonehiut Bisvage e lys aetogls reached in
Rie {uﬂ{ celtnal 2 nBwde H@Lﬁi& Ht@{}ﬂe RAMAIN 7.1 3 TR AbddehtddintMbum, has
nuclel . Mt u nt

erral's currently used for the heater
Bkearstablished. THeeverall efferk of s isthet, elffwuphnit kakaslonges iagayppletely

| ym_pu | 1,0 ) &
Bl R a7, o it 71 S paPll B b ALk prosent than from
GABD ) conditivna4ispraset, bednrif thawblawe taborefitiedis thyey tmeJarger, it

d 72, . respectiyel ile t terl S [

Al ks gp e iaes Jegtio i B8 Bk 7108 cblaé 3.
ti tani umnitri d(_e. Ti t ani um has an aton ¢ nunber of 22
ARG RGN AT S B s
those of the relevant prior art device materials.
Boron and al umi num which form part of hafni um boride
Thig fease involvesthe heata lemsnis dQ hepg f%ﬂei of g é‘mFﬁ“f’f Bigest 90% of

r il I | @b Mehentt ReifienSkdoYic number
g{h‘eﬁha}ﬁi‘g%‘%lﬁﬁ%ﬁ?‘%ﬁr‘ﬁ‘%%h%‘f 37 grcng, while that of .
belbwriOu in sprefeiradertibudinent thecitarsie sveight ishelem 10 whilginangther
taptal u i . R Thus, because tantal um
ﬁﬁnF?(fn&‘gnrp a%a%%rél é%é@%%mg}owa%gr oximately three tines
that of the titaniumnitride, titaniumnitride wll

quire a ximtely t.hre '
SREAE S Tl S o 0B Bl s,
Bed ﬁl%fcﬁé(jé!sd édergl ib r&@aitebeo auise thet tempetathfesof dradeaﬁemlemaﬁg 10.
s it e i be bdRrsfood v 5% SUPS W L B thiBperature of an

article is essentially related to the state of movement of the nuclei of the atoms.

Accordingly, it will require more energy to raise the temperature, and thereby induce such a

nucleus movement, in a material with atoms having heavier nuclei that in a material having

atoms with lighter nuclei.

Materials currently used for the heater elements of thermal ink jet systems include tantalum
aluminum alloy (for example used by Hewlett Packard), and hafnium boride (for example
used by Canon). Tantalum and hafnium have atomic numbers 73 and 72, respectively,
while the material used in the Memjet heater elements 10 of the present invention is

titanium nitride. Titanium has an atomic number of 22 and nitrogen has an atomic number
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15 S UsiperWBrepisecalyshodpPRoFELF

the follow ng equation: E=ATxCpxVOLxp, 15 where AT
represents the tenperature difference, C, is the
speci fic heat capacity, VOL is the volunme, and p is
the density of the material. Al though the density is
not determned only by the atom c nunbers as it is
al so a function of the lattice constants, the density
is strongly influenced by the atom c nunbers of the
materials i | v Qh liphteAthiAlosa shibeielopnt prich et
f‘lfa'ft@?sé“t?ﬁﬂg o |§’geub§gggiﬁ!ﬂ§20 Low heater nass This

f @3ickmBtetidld/0l ves the heater el enments 10 being
configured such that the nass of solid naterial of

each heater elenent that |s_he i ng

PRbroh amifaliniienh wbish Srngagpihg g a‘g‘f‘t% .‘hgg“?ﬁ’g“ [ nk

11 in. tg, ]g(e %qt, ﬁ@fetahvdtﬁ@ﬁmeﬂahe Hiowkves dheglgnsity,of tantalum

g?ﬁpeef%t %EH 12 t er ei n %l Gncitlded kil RRlakSoft O

b itrigie &b/ GlftlsW grans. 1n one ol

p L"H‘g g TRl beciﬂsetantdw m‘sdel hasa denpitof gpproximately
nogr , | n anot her. LiERtidd ¥Ag req m@ptoamlxmzsﬂuee

tﬁaﬁ?t@@@ﬂﬁﬁﬁ Wéﬁ%"’mnﬁf *I'n yet anoth# n‘g B8 in
T3S i oo o Hoftin 2EGLITOGEE GV P8 S8 Bb BB S

constltut s a signif rﬁﬁgf%@ﬁ&e@mfpe@mwnsr@reseﬂwdb}’
i i a8 the ¢ %f’ % %n%qlﬁgéesul ts in an increased

efﬂﬁéfgﬂ(ﬁﬁﬁg/eqﬁ&oa result of the reduction in energy | ost
in heating the MT007 PCT 34 solid materials of the
heater elements 10. This feature,is enabled due to the
use of heater el ementEidd&edi's Ih’%f\’n ng | ow densities,
due to the relatively small size of the elenents 10,

and due to the heater el @Ea(%{m% (g:n%ﬁg&;egﬁgm& iy, WOL is the
I n ot

mat er J}lea%? e uéﬂm@sﬁtfmtnmhnalf oxtiheugh s deusity ¥ I d@’[?l‘”é‘n‘?fl onky

] L f $toon
f Io‘:?oyﬂmgoqqq @mﬁlévgq a5t el%‘fﬁﬁ'oﬁll\ﬁlg]p o eﬂﬁmyé OWtanf thedamigks gly

ngﬁ di men of écpgf
Pr i RhdAGAChy HEQWRE unfbieg of be SBteride BTl § °3‘§ guPe
34 represents,.the shape of the heater elenent 10 of
thﬁ'ﬁf@’ﬂ'ﬁo‘ﬁﬁgﬂéiﬁf?sso is nowreferred to in discussing

20 that heater elenent. The heater el enent as

25 liquid (ie. theink 11 in

regresent ed by reference numeral 10.34 in Figure 34

This feature involves the heater elements 10 being configured such that the mass of solid

material of each heater element that is heated above the boiling point of the bubble forming

this embodiment) to heat the ink so as to generate bubbles 12
therein to cause an ink drop 16 to be ejected, is less than 10 nanograms.

the mass is less that 2 nanograms, in another embodiment the

In one preferred embodiment, -

mass is less than 500 picograms, and in yet another embodiment the mass is less than

30  picograms.

consiitutes a significant advantage over prior art inkjet systems, as it

The above feature :
) lost in heating the

results in an increased efficiency as 2 result of the reduction in energy

MJTOD? PCT
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10 has just a single loop 49 which is 2 mcrons w de
and 0.25 mcrons thick. It has a 6 mcron outer
radius and a 4 mcron inner radius. The total heater

~mass is 82 picograns. The correspondi ng el enent 10.2

simlarly represented by geference nunmeral 10.39 in
Figure 39 has a mass of 229.6 picograns and that 10
represented by reference nuneral 10.36 in Figure 36

o o st SRR e MG B A Benene

S ABR pBatorRlschabis! gqbw densifieq) did 10@he refatvdlpimall sizessf tinfelements 10,
mat eri al of eac

such, el epent i ch n th
ansklugde theibesior dlementsiging in %g?rﬁlgo %%Bb @Pﬁ g ot
LiBbtaed inbildn nteBAROM IR, FhtadkamBle/ i Figee 1.0 a
fenperature above that of the boiling point of the
ink, will be slightly higher than these 20 masses as

%%grﬁejli%ﬂg\% the ﬁﬁak{l!s iR61a6 QRWEEr Mnbdl B YoRhiRE telHe@bd fructure of the

ating, y I nért, thermal | y conductive
embatimert of Tﬁmpsm&tg'rai shogn inkigera 3dAcoprdinglias Bighe 3¢ reprepents the

h%tﬁ,ggf ﬂ?ﬁé&te?f 1&&1&( ﬁ)rdf at Engéogitﬁg dthﬁt fsl?lgwr}bf&ﬁ@l{ to in d1§%ussmg that

ure eater el enent
H&ut& etemnu rTthe hoatex e}mntembpredeem hy refgense nngereblbi4ia Hignre 34

asdhstg ﬁgf gg&@tvglp}:ﬁl‘éﬁ @Qﬁh Pg?re mﬁ%@ﬁé B AEIY6 micron

ShtBiMatiag aﬁius&t mcixm i&mwdmem'cal hepter massie 8 pegramThEhe

- Foreannscleifal | 74 Selny Rt it mprl 1070 fTise

hiked Rk oﬁmﬁ%g{éxhé/andkliht Q0 ecppdsexfted H)&féfeﬂembe)ﬁhmﬂtl 0.36te
coating is of alumnum 30 nitride, in another

BiggesAohene maps 9f226 PIFOGRERd- | | ke carbon (DLC), and in
yet another enbodinent it is of boron nitride. 35
Referring to Fi ures 54 and 55, there are sh

mrﬂmqlqgnqn@ﬂﬂe preseaicd 1@F1ggre§§tfr 3P agd 86, fﬂreeg@@ple are used in
SleBHTE e ot of RarB of Q2 QIcHRUduenC AR S iR Srcbth A CmEaHith

Bove: een deposited on a substrate 78
ﬂ:rednmﬁ (dnhlngrthv uuhbletfgrpnmiqmﬂamﬁl@ﬁ embedimentkihatjis gised to a

GRS R 2 3 ST 85 e

ﬁﬁ@aee ad the tlemers mlbhﬁ oomé wathee elesisicallyf inpdating, chemically inert,

s c h enptic @lclt}% @fﬁg%l %}?ﬁéﬁ%ﬁﬁs ng %f:éga Ieg{%hl{] E]e total mass of

ﬁla%iﬁﬁﬁ*ms@d}to&héhlghdiwn@rmbx aneousl y. Hovvever this
conformal coating 77 on all sides can only be achieved

if the el enent 10,
Conformally coated heater element

This feature involves each element 10 being covered by a conformal protective cdating, this
coating having been applied to all sides of the element simulteneously so that the coafing is
seamless. The coating 10, preferably, is electrically non-conductive, is chemically inert and
has a high thermal conductivity. In one preferred embodiment, the coating is of aluminum
nitride, in another embodiment it is of diamond-like carbon (DLC), and in yet another

embodiment it is of boron nitride.
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when being so coated, is a structure isolated from
ot her structures - i.e. inthe formof a suspended
beam so that there is access to all of the sides of
the element. 10 It is to be understood that when
reference is made to confggmally coating the el enent
10 on all sides, this excludes the ends of the
elenent (suspended beam) which are joined to the

St 558 L bl o i

ﬁ%ﬁéﬂ d[?lcﬁhlﬂ) ’@hﬁﬁﬁﬁkor?ﬁrrf&ﬂy&béte&&%usgsd atmse,dut whikch hgs been
that the elenent_js y. sur rounde

GOt 5 ORI S OTHEn by SHGHRBRS: Y By sonformally
Bsats%yoﬂ%qw% RERIECVD nf@da) Begdrated 76.aln ddgirish ehd watimy referred to
el ement may be understood w tg %eren once
a@cmenn ﬂle@rqsmgenséa@ws&s wflectebschomatically if & auEe1p, i wAig heing
083 lﬁ GO cﬁﬂfoﬁﬁallyscoml thé8lemdnf 6n S BIGES s@ilﬁtaﬁ&n@l?

e eater element 10 was deposited (i %

Hmmmr; th@fcpefermal@pa}hneaﬁ onill grlescenialy s &Wﬁ‘@d#ﬁihe ¢lpggent 10,
ggﬁé%g Aeck. 134 SaARORSakel Sl AR Lo iPROads o

epositing of the conformal coating 76 on

@ﬁ@eﬁr&dﬂawn, se Itlmtrﬁme ig @eopdsite #ll pfghe sidestof fhe elenmBhor t ed on

the substrate 78, results in a seam 79 being forned.

This seam 79 may constitute a weak point, where oxides

3¢ td]iel‘tﬁﬂex@lﬁd@ thiat ﬁh&xﬁefemnc&jis atage toi cghfonﬁdmmam;g therelpment 10 on

del at i

4l aide Wserfudinge S Shed egr%ﬁgcgu g%@%mg& ark {fned to the

RicehodRS 15 8s ROREHE alagammaaemmlguﬂe rse Ih@&teewonis,ewﬂahts meant by
and its coatin

ubhstrate.78 b
ContpaRl coging 1 drraet 1D i Ehacfidn rap s LAShEemER ity
REAPAndbd"S B SorFbrnlal Sdakiflg Mong e [eagflof HRrtenty resul t,
even though such materials could not penetrate the
actual mat erial of the coating 76, or of the substrate

I %3 Pﬁglaly‘bﬁv@ ok @érﬁoﬂﬂﬁﬁ? b&'ﬁﬁgﬂ:ﬁﬁh@%& dléméit 16ndbéiderstood

e-or ke carbon (DLC)) are suitable
frdith refeenin ondrargeiortodigvats daad ﬁﬁrgAWaDd?e se¢e Wherpthg genformal

I&g%/tf%%;glls a@fi lﬂi%er rra S5 dd ]ﬁ&l‘gﬂié ﬁeaté@leﬂiéﬁt f(Pwishﬁb&sﬁed (e

con uct|V|t|es heir |g
| fervieed) afecnmmmututea dretooating, for the demprs Oﬂéhﬁt siderppposiiedlie

%rggfgg}llé trlp]gqﬁl % n@g%@ﬁéy« quXFth’e o %E?on n ??b)gfheheater

enibnt Bf WhiceH, ndumbaipportedl dnhhe gyhsttatee?8; silgxinefseam 79 being
mat er.i al . used

the oatl ISI oLt ant
regmed; WSF%E%W@& F?ﬂju ‘H %P@g rra n C@oth@:ﬂmdesuable
%ﬁf %ﬂt%ﬂrﬂ: or wh&ﬁﬁahinﬁiaﬁowﬁabﬁécchh &ﬂlebd) aisthe case of the heater
tione

where they have suitabl e chgracter
rmtu&@ﬁ s 55 f

to separa {es’r.{le ficater element
and its coating 76 from the substrate 78 below, so as to render the element in the form of a

where etching 1s conduc

suspended beam, ingress of liquid or hydroxyl ions may result, even though such materials
could not penetrate the actual material of the coating 76, or of the substrate 78.

The materials mentioned above (i.e. aluminum nitride or diamond-like carbon (DLC)) are
suitable for use in the conformal coating 77 of the present invention as illustrated in Figure
56 due to their desirably high thermal conductivities, their high level of chemical inertness,
and the fact that they are electrically non-conductive. Another suitable material, for these
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5 Exanple printer in which the printhead is used The
conponents descri bed above form part of a printhead
assenbly which, in turn, is used in a printer system
The printhead assenbly, itself, includes a nunber of
printhead nodules 10 80. ;Jhese aspects are descri bed
bel ow. Referring briefly to Figure 44, the array of
nozzl es 3 shown is disposed on the printhead chip

(not shown), wifh driye ansi stars, .drive.shi.ft, .
gPsEdt Eorbi oo oleat bt St MBS el used o
2RPBatily 7 is kpofthnt HE£HIRIOH td deBictiug thedesifed parfiramatdeccharacteristics,
required on the chip. 5 Wth ilef g}ryg@?e to Fi.%lures ﬁ)8 od
materisly other bam those aFiRACd, Whers theg PRYeSHERPI TRatRoHzH o TP us
exRb@ded view, respectively, a printhead nodul e

assenbly 80 which includes a MEMS printhead chip
assenbly 81 (also referred to below as a chip). On a

Wkgg%ﬁ%@npﬁ%ﬁm VintBrhd g as that shown, there

are nozzl es, Ich are spaced so as to be capable
of 20 printing with a resolution of 1600 dots per

j T i D i i i . 4. .
3 B A S0 L S o s
fr i prireel sgstern.uThe frindiredd (BSBYLy Sdelf Snedhdss v pimpbér|of printhead modules

nnected to the chi 1, for supplying both power
gﬁd{]ﬁ?ﬁ?ﬂspfgs?rﬁges F%ﬂe‘%% chip 81 is bonded onto a
stainl ess-steel 25 upper |ayer sheet 83, so as to
overlie an arra f holes 84 etched in. thi heet . .
Beeipiagiriet 4 1 8ie 34 Ea of g dShoia gy el 08 e priblifec
B (hotkhehpnwel divienehsigbeydiveishifitrhgististand 5o ot @eshooth),
silicon 85, these channels bein al'gned W th L&ﬁ hi
Frstuded o the'paae i, e TeGsE 57 BRRIHE PEfRPRGHRR: RUIR gphe chip
and 21 mmin length. This length is 30 determ ned by

the width of the field of the stepper that is used to
Wil tefezange torfizvees 35 aad S9there isshewe, Ban exploded XisHape aggn-

Kot ' Phea RV Sss B 80 with3hdiddeh MEMS
g’?ﬂgb%eflc ed r&g%c\ﬁt@ﬂ%’mﬁ%ler s(l!pde of the gheet as shown in
prigtheal i asTemdly $lafalse refeiasl te helewas ashigh dWia Bical g assembly
Shdh S AP Rl I Tuhibh e Bhlled @Ylto Beapable of
PSR gRYE Gt eaR B ifh S hisad PYTo Beapableo
giifitiey it 2 eacstionfoftlie0 du$ ps iR, ThEvbipHl ie els@Fontignred ta ¢igct 6
g‘lé;?ﬁn vvilt h cglsnnog.lga% 9 in alowr I|ayer 90. Each
G o188 OF BPFS i fferent respective col or of
i nk, except for the last channel, designated 91. This
ﬁém@? ggrﬂgé cu%%ﬂ Ibgarg IEP(?lg)r SZCiQ glgagl:ail?r%gnﬂe%teg L;(} #0E p \édl,ttgr
supplying both power and data to the chip. The chip 81 is bonded onto a stainless-steel
upper layer sheet 83, so as to overlie an array of holes 84 etched in this sheet. The chip 81
itself is a mulii-layer stack of silicon which has ink channels (not shown) in the bottom
layer of silicon 85, these channels being aligned with the holes 84.

The chip 81 is approximately 1 mm in width and 21 mm in length. This length is

determined by the width of the field of the stepper that is used to fabricate the chip 81. The
sheet 83 has channels 86 (only some of which are shown as hidden detail) which are etched
on the underside of the sheet as shown in Figure 58. The channels 86 extend as shown so

that their ends align with holes 87 in a mid-layer 88. Different ones of the channels 86 align
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holes 92 in the md-layer 88, which in turn are
aligned with further holes 93 in the upper 5 | ayer
sheet 83. These holes 93 are aligned with the inner
parts 94 of slots 95 in a top channel |ayer 96, so .
that these inner parts arg;aligned with, and therefore
in fluid-flow comunication with, the air channel 91,
as indicated by the dashed |ine 97. The Iovver | ayer 90

51l 3 AT TS R0 P e

g]dirleﬁ o ggé’tmhaﬁ:&% ﬁy GrfidQ cEﬂfe’a\flfd ﬁsp&ﬁvct ﬁmw@h}m meptdbﬂh?gst
ol e an en passes r.ou e 0
s, Sasinast O]/ Bk phepoeLof G55 Chafeel SpCB B v et

% 3302 tﬁ@mﬁyerlsﬁy@mc@ﬁ m:h@mghemkwﬁumdmles 93 hahe upper
Into the"side 99 of the chip assenbl dfrom

\Wb’elr ¢ shopt(83; Jhessiholeadbue aligned ygh the ipnes gaps % alm 9é ina %o
1{@% O{JP 96 %%meéélﬁne? gz&'sl £Saligh® ¥RERAnA BereRRE & Mid-flow

paper dust ferently col ored inks 11 (not
t&mstoisatjonpeits thehrrabgmelt Heasiodiegedigy the dashed lingRer | ayer
90, into the channels 89, and then through respective
hol es 87, then al ong respective channels 86 in the
(el B thyercf0 Hab RolepBoopening jdo the lebasnelg 89 andwheungh91. Compressed

I hol. 84 of th
tﬁﬁglpeg thltfgo%gzgloau'te gurcf: Hg)t Eq’? a grig‘g ﬁe chﬁ?llgl i)}e it o%ﬁ]{}j@ ?ﬂ&ant hole
oReda t@dn@ab%ihrcﬁ@ﬂ €z holes ’921 &nd‘&ﬁl e s QSmntthemidiam' 88 the sheet
Iayer

83 11 e don ) oy S8 ot e o T T P I SO thp chip

@ etlB S AN FEBMSherd iR fdrbkd tfv‘.@laﬂ EXJO;I tlﬁ'@igh&dlotﬂe rimed B BGhich covers
nozzles on the chip Flg

dite nogalep e Frendiecrorenst @raé@em"ﬁf Dt ‘EV ettt

1h€ RbILY 9P owkSla 2 90, rlﬁtf)%d&dnﬂeﬁ 80T then
g@‘m’@% ayeHBiloz of the chlop agj;bgrrbly is. the

tirongh resnectivgdolen 8% thanglongaespprdive chpgaele o indbe m‘-)se%ie of the upper
| %P%ﬂoe%tr% %ﬁoug% §egge%ﬁge hol R4t R that 168 and%ﬁexﬂi]rdl tHe Rioks 95, to

nstitutes the nozzle uar d 01
amdm;e&l tIhmlfbel rotxddlint dengpare Bsbsgven of thehales 98iin @@ﬂwré%yer 90

T B SRR B 0GB Lo Ea Ok Ny ang i
pagzed tocttis thip Thehd ialubeing diyeted 19Bei768@hozglel prthe chipd has

i nk channels etched in it. These ink channels are 30
allgned with the holes 84 in the stainless steel upper

IFp(RE 66 Iiheﬁhlcﬁamdzb&w&m@tpr&&ewﬁﬁduae assernblly 88 fiFigures 58 and 59
co ressed air fromthel r 901?)3330 i bed bivis the
apwhematically thowm, g ppw e iz lpver CFAIP ATy 2

aérer Wh&e ﬁféeféS@ Qoﬂczléﬁ B thiin stbﬁl{te@ﬂﬁve&mfcm'ﬁrﬁ( W diveesdeThé top layer
recei ved th | ower | ayer 90, q qkdﬁé &fr

%f@r@mﬁ@r‘ﬂx pich c&%ﬂ%@ﬁt%ﬂ%ﬁé@ﬂﬁ%@%ﬂ% gjtne filter

Qﬁ&ﬁfégr&ggaﬁ to h}ogﬁ&ggsg éa%xis HEnbHi1d FRfPlds 104 (vtv]ﬁclﬂérb gn

very smal |l nozzl es
represented schematically by dashed Imes) clear of paper dust.

| The lower layer 105 is of silicon and has ink channels etched in it. These ink channels are

aligned with the holes 84 in the stainless steel upper layer sheet 83. The sheet 83 receives
ink and compressed air from the lower layer 90 as described above, and then directs the ink
and air to the chip 81. The need to funnel the ink and air from where it is received by the
Tower layer 90, via the mid-layer 88 and upper layer 83 to the chip assembly 81, is because
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with the larger, |less accurate holes 98 in the | ower
| ayer 90. The flex PCB 82 is connected to the shift
regi sters and other circuitry (not shown) |located 5
on the layer 102 of chip assenbly 81. The chip

assenbly 81 is bonded by wires 106 onto the PCB flex

and these wires are then encapsul ated in an epoxy 107.
To effect this encapsulating, a dam 108 is provided.

Thi s Ilowsthee 10

sl orepeoneci) S b fa erratirerC st oty shdlaggetes
&tth&féﬁgei‘\ﬂlésgﬁcoﬁﬁﬁam&9sm3ﬁéﬂﬁ&rldyerg0he epoxy. Once

the epoxy 107 has hardened, it protects the wire

bondi ng structure from 10 contam nati on by paper and

gglé flex BOE 10 Eﬁnﬁé‘cﬁm@ ieahinGeRbaeand aﬁéﬁﬂrﬁnﬁ? (do® stowgy foRated

here 1's shown schematically, in an exploded, view,

ani@hq lnyemé%of m@m@y 8b Theychiptasserbly flds bonded by wisesido onto

gﬁ) tﬂés'e %ﬁ%ﬁ H% gs@ft le y&@7 a’?o effect this
escrl Ove e pri nt assenb
@ncajzslgatngda ﬂam 108 ip prpavideil.oThis p‘iQWﬂfb? ePOEB l%bfptba ppdied ¢ fill the

;g‘ﬁ'%cl% tvs%etk &Eet s 1b¥ Qx?%tggg:ﬁ 'ﬁsts% ea B 's@tlﬂg gwﬂéssﬁjgl%:ré’e %nl{%dded in

qeS_I&ven o es asse
86k epokty. chncedheepgky 47 lan hardaled,libgmte@ms ¢hechiartroatiing sipucture from

the for a _bent ta | at e of groups of
cepiamg g%"ééy%agsrf@d&ngﬁ g{)g}fn%?a?lﬁ%%{"ﬂ"%%rence nuner al s
111, are prOV|ded to supply the 6 20 different colors

of ink and th ressed air ta,the chi senbl |
Refornpe By PRIGH Dy BARBTEheaYe RIESAP g (6t ARrgeed

%@ﬁﬁl 10 HARh SRAee |am$ﬂ@0thértoo bienBiepritaiead niodale atsb@blies 80 as
hose 112 i ncl udes holes 113 t These hq

I 113
dewrig] ahove< v prighend smenily 115 penligned foF L paecgifh dEpit
tsﬁltgbﬁk[efogmlgpgls lgtgcptyppygpe@re formed thereafter by way

ting, by forcinga hot wre structure (not
shown) through the holes 111, which holes then serve

e

assgindal ontd Dsubstrais semxl ¢ 1) indheform of h hen nfefabplate. A series of groups

G SR S <Pl e BTG atlroliig o ypoty e

tdfgerbi \o6lorsl of Ytk an8 Gheadompaesied amtcb thieltbipchsyennthlibes 1a S'eeedinged

ool 11 s RS 1 R UREb Sl e

11 ivasies Holds 113 thpéineThaehdies 113%:@@1@%&& wder{ thehose 112 is first

shovvn and at the qpposite t here .

BRFPIs P B chRPION R P ST ARy el nclorepe  hot
%&%ﬂu@tﬁf@ (hOSHERY) thloRSEthe hétad 1118 RticRholeh el 8500 asFides to fix
the positions at which the holes 113 are melted. The holes 113, when the printhead

assembly 19 is assembled, are in fluid-flow communication, via holes 114 (which make up
the groups 111 in the channel 110), with the holes 98 in the Jower layer 90 of each
printhead module assembly 80.

The hose 112 defines parallel channels 115 which extend the length of the hose. At one end
116, the hose 112 is connected to ink containers (not shown), and at the opposite end 117,
there is provided a channel extrusion cap 118, which serves to plug, and thereby close, that
end of the hose.
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A netal top support plate 119 supports and | ocates the
channel 110 and hose 112, and serves as a back plate
for these. The channel 110 and hose 112, in turn,

exert pressure onto an assenbly 120 which incl udes
flex printed circuits. The,plate 119 has tabs 121
which 5 extend through notches 122 in the downwardly
extending wall 123 of the channel 110, to |ocate the
channel and plate with respect to each other. An
extrusion 124 is provided to | ocate copper bus bars

A2RetalAbl PpaHR plaleel 19 B@pEMs 4rdQotates the chanrebENedné hase 112, and
print head according to tﬂe gr]ﬁﬁen(ﬁ |n\ii$t.| n 'Srﬁgt ¢
earursias s packarh#ie fou dheSs- ohhsicharg el 1 Q And Bose 15¢- 1k RS < hEpiRgTe oo
L KssbRbly RE0 WhiRh Sclddbfs piin@dRirb@isATheblat1d0 bhask8hs 0D which
nozzles 3 in the printhead array, and this._is

extprdkioveh aetshes 682 mi thedovrvardhy mpaidingr a3 of bechapnel| 18, to
Q%ig'!ﬁ t Jh}{nJcPéﬂ?iﬂ:tlété‘“&tH RisHRl toRBiHGth@ads. As the nozzles

e prese I nventTon maybe operational (i.e.
may fire) on a continuous basis during operation, the

t,ot . tyi ' . )
ARSI RGNES: is FRPREIILAR. tbpch bREnR. Hhobes ARG HERired
edidpesind a primhsad ecerdisg teithd preseutduventionyisyan opier pf mpgnitededawer

t.h h {.h t i | .
R e
prihthtdaeads, and kigs bupfratimatel2i0ainees theiuatbecofinorzles that are
Rk L R LA SR NGBS
eﬁagk%%i (vg g&ﬁﬁ:@foﬁa?&n&ﬁ@upbagisi dieiflg b%brﬁhmt thmi:ﬂ powj;ver

cont acts on the upperside, as wn, .0 e | gue
ensumpiAn Vilkberan oxdepetzsbapiuds tugiics gp T froingh e heSds, and
t!r&@ir&‘%entg— H81, BéBRiiskAy, 8% hipfRlevkh @Bubi the §BWE consumption per

assenblies 81, around the channel 110, the Syp o;lth
pbzdewilli®, antopisr efmpgnitpdmloweuthanBatip disdmewn pgntheags.Jhe busbars

?%%is&&bﬁeﬂopﬂgﬁgﬁg?&r shiBlPpohief reqiferhditd, ahduve E%?ﬁéeaﬂs 126

are posit bel ow,” and i'n contact wt
stlderpdtoBatn. 25 Each PCB 82 is doubl e-si ded and
pl at ed-t hrough. Data connections 129 (indicated
schematically by dashed lines), which are |ocated on
Cagpeashible contdub-dveestrifs 127 ercP@RIBA ta bt withi cohtaeie hi&en the

ts, 130 | f whigh '

ShPa G, a5, SEA Rt of 8 R ROBR 2P B6 BARLGR A,
aih@meg%%folcwaﬁsﬁi%g frohi thé ?m';é eisfémlalr':escs Fl) a&om:sﬂrﬂie difannel 110,
t he ex | tse .. | e S | a..
hrcuBRrgrleie b hesian | T b g, § s postpn b femips 127
3? ltﬂag];ﬁk chiftactd DROSYsitiohédbdldve a6h avdatactiih, tiesrigsdp.

the conponents of the printhead assenbly 19
together. In this regard, the channel 110 incl udes

Fach PCB 82 is double-sided and plated-through. Data connections 129 (indicated
schematically by dashed lines), which are located on the outer surface of the PCB 82 abut
with contact spots 130 (only some of which are shown schematically) on a flex PCB 131

which, in turn, includes a data bus and edge connectors 132 which are formed as part of the
flex itself. Data is fed to the PCBs 131 via the edge connectors 132.

A metal plate 133 is provided so that it, together with the channel 110, can keep all of the
components of the printhead assembly 19 together, In this regard, the channel 110 includes
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40 tw st tabs 134 which extend through slots 135 in
the plate 133 when the assenbly 19 is put together,
and are then tw sted through approxi mately 45 degrees
to prevent themfrom being withdrawn through the
slots. 5 By way of summary, with reference to Figure
68, the printhead assenbly 19 is shown in an
assenbl ed state. Ink and conpressed air are supplied

Vi, h 0se, 112 1 '
e o T30 R ol BR Yo T3 F P3P B sl 105
ﬁg&ﬁ&fb&ﬂd&s«: t8dn twisted thﬂ)ugle aipeoxhoaely @b dﬁg’eﬁﬁ pre“ﬂm them from
pri [ sepblies 81 are | ocated on the el even
Y’ﬁlég fﬂff&‘&ﬁ@ mbl i es 80, which include the
PCBS 82. 10 Nbuntlng hol es 137 are provided for

nounting the pri ead a serrb 9.n ace . .
BY Way e} SupRirys 3 renqent@ ee{a%/ ﬂ\;@ﬂp@ﬁ%{ zﬁse@?bly il]gls shown in an
REdAEIDE RS 3518 Slilovhplcdsed B REER Pﬂieﬂdn'cbﬂde héwe 110138 edwver is
138, is just over the width o

an A4 t hat L‘
sipplied @2 te lagdn E26) andidstaie powided fp th Py &h%@s ephlips.81; a the
é%g\gﬁ%qe&gg AR Tﬁéﬂﬁrbﬂxea@ clib ASemBR I8l be TbbdtQ@LE thé B6ven printhead
S

rinthead 19. Fromthis, the position of a
mpdulgmemblmISO,ﬂﬂmhlngluéefé!hPEBa§%enbl y 81 can clearly
be seen, as can a longitudinal section through the ink
and air supply hose 112. Also clear to see is the
Mauhm’@ﬁolesfw’i ie poovided degndingng the uapntmaﬁ agprmily Hbfegdace in a

?‘ngé ﬁ%g/\épo W#mﬁ#ﬁqg%é&g@ﬁ% s e n Qﬁbﬂ?ellrs)gir’#%éntfbd by the

dibenei3p, iﬁjiﬁecmef the 8Adth $fian Advpage (thabis, abBut %mhm)sxt end
through the slots 135 in the netal plate 133 can al so
be seen, including their tw sted configuration,

2 8 fé&?@@k‘@&el@? th%@ 1§b‘h§ﬁ$,gkhetﬂr1]a’malll;6 8 crob¥-entien thsgugh dra
eferring.to Figure er

ememplshprad 19 FroRdhis, the horionaLhe @&%ﬂ?ﬁ@f@m%% dinpsgnoly

chzﬁ‘lelé?:ﬁPQéjke@E s o a foﬁﬁtﬂdﬁiﬁ?%ﬁ % hifaddr saplg kose

ramis the printhead (repr esent ed by t

he, a \A%
111 Alsg dfravdersee i3thesabpimspt aithe sompressibly stiig Waﬂhwgﬁlak icontact

pr n't“% 33 st 230 hﬁbeﬁﬁ& ﬁﬂtﬂcﬁﬂ% 1 it o8 a HiBEPES SQh:ﬁtendmg from

as It eJect at 145, onto print

medi
a thetchip afsmbly §lo rThg)’qmﬁlabs lEfW@dp@ﬁenﬂmougqme slots 135in the metal
plate 133 can also be seen, including their twisted configuration, represented by the dashed

line 139.
Printer system

Referring to Figure 70, there is shown a block diagram illustrating a printhead sysfem 140

according to an embodiment of the invention.

Shown in the block diagram is the printhead (represented by the arrow) 141, a power
supply 142 to the printhead, an ink supply 143, and print data 144 which is fed to the
printhead as it ejects ink, at 145, onto print media in the form, for example, of paper 146.
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Media transport rollers 147 are provided to transport
t he paper 146 past the printhead 141. A nedia pick up
mechani sm 148 is configured to withdraw a sheet of
paper 146 froma nedia tray 149. 5 The power supply
142 is for providing DC vgltage which is a standard
type of supply in printer devices. The ink supply 143
is fromink cartridges (not shomn) and, typically

e 7T by s 1.

J&Qnécﬁé’fﬁblﬂh@ﬂzechﬁbisﬁ 1148 fidonfi pireditol wittdrawa sheet of papea 146 from a
systemcontroll er 151 which is connected to a user

medistERde®- 152, The interface 152 typically consi sts of
a nunber of buttons (not shown) , such as a "print"
button, "page advance" button, an s ({;ﬁ%
Tompewiiseply s & peviding PEIVeltasaORa 3 Sendrbpbe %fe supply in
gﬁ@g}@e@ﬁ;or driving the nedia pick up nmechanism 148

nd a notor 154 for driving the nmedia transport

rollers 147. 15 It is necessary for the system

A yRAR&E f
T8 ey 145 ofh ok Strdake A qRm R RpILRARGE: tika o
eforniation fvilbld mrdvided, ah@Ocaj:oueﬂw uﬂqsnaplynshﬂsaSt eanghofijak
rel ated t,0 a_.s ific
ﬁ%ﬁq’%}n%itlﬂsﬁlﬁ r%@ﬁ%’ﬁ sm‘%ggiahaé 43%3:8@!; up tﬁﬁl&ﬁ CBHFectedto
@Els@a%ﬁafacé 462, 'Hieeiﬁterfgctml 12 tj}mmh y eonsists qfa pemb@:em"bnﬁtoné mﬂt
shown) is 20, provided, |s, nne

e Eﬂgﬂntevb“% ’haé s%ee?hé J&Stem controller

Hﬁ al%@é*&:l&@ﬁ 2 &eY 153ithat ﬁm[ﬁ'bﬁdahfof éfiving the nfediatphk up mechamsm
printhead 141, the s em.controller c ef f ect
éﬂ$ Aad aigotopl 4-for %W%&‘@ﬂe@@t@ﬂsﬂﬁ’? f?‘ﬁ?fﬁg‘gfri ng a print
data formatter 155 which provides the print data 144

to the printhead 141. It wl| thereforegl prec:lglg
fitianecessarydonthe pistegpennitplierd 51 issigentify vhep aghe it g { 7 18 moving

Wl B AR . 8Pkt RAGHE breo cHBBted AT EroBl ol R o can be

external conputer (not shown

mmwmteaﬁc 1i156 thathas clapasd afier the smedipimigkaw mchwaﬁy)lﬂﬁ hag
u )
S Bl SRR CDRAEI R FEOE st o W
@m&hﬂ; whidh istchenesied ¢ thn eywtenasontrollerchifl scthatorhen theesheqt obpaper
A data c I Ga [
AP e 3 o BN a B o A D P ilfn BB n oot
iahd inGiaisietlectedbptiigatrngr print tite fcmylsum 5% whichpkdvides the
p?'n]it data 144 to the printhead 141. I will therefore be appreciated that the system

controller 151 must also interact with the print data formatter 155.

The print data 144 emanates from an external computer (not shown) connected at 156, and
may be transmitted via any of a number of different connection means, such as a USB
connection, an ETHERNET connection, a IEEE1394 connection otherwise known as
firewire, or a parallel connection. A data communications module 157 provides this data

to the print data formatter 155 and provides control information to the system controller

151.



42 Al though the invention is described above with
reference to specific enbodinents, it will be
understood by those skilled in the art that the

i nvention may be enbodied in many other forns. For
exanpl e, although the aboyge enbodi nents refer to the
heater elenents being electrically actuated,

non-el ectrically actuated el enents nmay al so be used in

enbodlnents ) er.e appro e. 43 0 .CLALNG. .
themeﬁilwelagh %BEY%‘%ﬂ‘ g“*‘ﬁ“@? g"ﬁ&%?@%‘%/%f“}%”%ﬁﬂ will
Bk lmd%@b& B}Y thefe sRORA e b AL the Qﬁeﬂi&ﬂé}&&&nﬁbdﬁ:&ﬂl many other
substrat e; at | east one n mﬁ%¢ g ?tg ﬁp%ﬁg f? Eb
ﬂonngph@ta@mks@lfb@tl@ the Aoye gm s pricrde e Bl sfcgpents being
%%!méa'llg Q?cuat&n RollOé&h @aﬂ? hawked cleREASHmPPAIEH oustdinearbodmients,
no es respective said nozzle chanber
wherp ppdm@ica r oof deflned by at | east part of the
nozzl e plate, and walls extending therefromto the
substrate surface, said nozzle chanber having one 10
opening in its roof, said opening defining an ink
ej ection aperture for the nozzle chanber; and at
| east one heater elenment corresponding to each of the
nozzl es respectively, said heater el enent being
configured for thermal contact with a bubble form ng
liquid, to heat at |east part of the bubble formng
liquid to a tenperature above its 15 boiling point to
forma gas bubble to eject a drop of the bubble
formng liquid through the ink ejection aperture
corresponding to that heater elenent, wherein said at
| east one nozzle plate and said walls are fabricated
- by a process of: depositing sacrificial material onto
the substrate surface and heater elenent; defining
openings in the sacrificial material for deposition of
wal | material; 20 co-form ng said at | east one nozzle
plate and said walls by chem cal vapor deposition
(CVD) of silicon nitride, silicon oxide or silicon
oxi-nitride onto the sacrificial
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material and into the openings defined in the
sacrificial material; defining the nozzle openings in
the nozzle plate; and renovi*lg the sacrificial
material. 25 2. The printhead of claim 1l wherein the
bubble formng liquid is in thermal contact wth the
at | east one correspondi ng heater elenent, and to

CEAPP&'t the bubble formng liquid adjacent each
nozzle. 30 3. The printhead of claim1 being

1. coanlgukedHTmﬂpﬂﬂdﬁDmanIagpage and to be a page-wi dth
prlnth ad. . 4. b 2? printhead of claim1 wherein the CVD
is off SPIPESHOHAPi de.  MITO07SG 44 0 5. The
pri i fleatityodf rozaledtokmetl oh aistrfhdeeo @ sibstrate; silicon
di oxide. 6. The printhead of claiml wherein the G/D
is @ﬁlf@ﬁﬁ anginogle platsspacedrpartdram thyesabstirte gyrégcs herein each

c¢h heater elenent is in the formof a

no\sé%]lg Sen eg‘% beam that is suspended over at |east a
por t I on a@inetnbezlb ukdileer correspogding quéeathd tiesndzaleb EBspdfctively, said
t hermal_ cont act the,r,evvith. O 8.,.The rlnth
C1 Tl GHP B oBERI A G40 TR Sfcm?fgtg? BeP2le plpfe, and
t hatwaﬂﬁ ex@ﬁﬁlﬁ?ﬁh&@fr@rﬁ% & sBibsthRS Surfiakar0R ARMLAN S Rving one
(nd) 1's requi plied to that heater el enent
t o hpeaning limits hediteid efesingricfisuizfangikeejettyont apeftorerfonthe nozzle
said,bubble [n the bubble formng liquid thereby to
causHAnRE: gﬂ“iecti on of said drop. 15 9. The printhead

of cl ai Mal |G e HebRHelbRehteeiedRndingth Rhoh &fthé hezzles respectively,
bubble form ng liquid at an anbient tenperature,

wherseidrheatge plemeat keing:canfigaredifer hermal gapiagt itk h bubkle formmg

the (e L&y I t

e L Y A i R R L s avove s
e] eHoklay intaifeints g bubbleas 8jcchadrophd teiaubdie foﬁﬂmgrlﬁ;ﬂld
to heat a vaolune of said ejectable Iliquid eq

t he thionghthedpk eleeliaanerigredoITerRARng tp dhal Bpate li%m@au al
10 Sl Heip i GPleadOnk GORAE Bt fd!sHidSRhIE ROFILriABeRBY Aprocess of:

depositing sacrificial material onto the substrate surface and heater element;

defining openings in the sacrificial material for deposition of wall material;

co-forming said at least one nozzle plate and said walls by chemical vapor
deposition (CVD) of silicon nitride, silicon oxide or silicon oxi-nitride onto the sacrificial
material and into the openings defined in the sacrificial material;

defining the nozzle openings in the nozzle plate; and

removing the sacrificial material.

2. The printhead of claim 1 wherein the bubble forming liquid is in thermal contact

with the at least one corresponding heater element, and to support the bubble forming liquid

adjacent each nozzle.

3. The printhead of claim 1 being configured to print on a page and to be a page-width
printhead.
4, The printhead of claim 1 wherein the CVD is of silicon nitride.

MJTO07S5G
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10. The printhead of claim|l wherein each heater
el ement has two opposite sides and is configured such
that said gas bubble formed Y¢ that heater elenent is
formed at both of said sides. 25 11. The printhead of
claim 1 wherein the bubble which each heater el enent
is configured to formis collapsible and has a point
of collapse, and wherein each heater elenent is
configured such that the point of collapse of a bubble
5.f or mElk priehestdyofichimpawheteinftho @Vithistof kidigoe diogidenent . 30
12. The printhead of claim1l, wherein the at | east one
nozzle plate is less than 10 mcrons thick. MITO0O7SG
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heater el enment includes solid material and is 10
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15 16. The printhead of claim1l wherein each heater
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ejection of said drop is less than the energy required to heat a volume of said ejectable
liquid equal to the volume of the said drop, from a temperature equal to said ambient

temperature to said boiling point.

10. The printhead of claim 1 wherein each heater element has two opposite sides and is
configured such that said gas bubble formed by that heater element is formed at both of said

sides.

11. The printhead of claim 1 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.

12. The printhead of claim 1, wherein the at least one nozzle plate is less than 10

microns thick.
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substrate surface exceeds 10,000 nozzl es per square cm

of substrate surface. NUTOO?E%G
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13. The printhead of claim 1 comprising a plurality of said heater elements disposed
within each nozzle chamber, the heater elements within each chamber being formed on

different respective layers.

14.  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.

15. The printhead of claim 1 wherein each heater element includes solid material and is
configured for a mass of less than 10 nanograms of the solid material of that heater element
to be heated to a temperature above the boiling point of the bubble forming liquid thereby

to heat at least part of the bubble forming liquid to a temperature above said boiling point to

cause the ejection of a said drop.

16. The printhead of claim 1 wherein each heater element is substantially covered by a
conformal protective coating, the coating of each heater element having been applied
substantially to all sides of the heater element simultaneously such that the coating is

seamless.

17. The printhead of claim 1, wherein the areal density of the nozzles relative to the

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