1 THERVAL | NK JET PRI NTHEAD W TH LOW HEATER MASS

FI ELD OF THE | NVENTI ON 5 The present invention relates
to athermal ink jet printhead, to a printer system

i ncorporating such a printhead, and to a nethod of
ejecting a liquid drop (such as an ink drop) using
such a printhead. 10 BACKGROUMD TO THE | NVENTI ON The
present invention involves the ejection of ink drops
by way of form ng gas or vapor bubbles in a bubble
for mi MTHERNIALTINK JEPPRINTHEXDYWATH LOW HEATER
in US Patent No. US3, 747,120 nne). 15 There are
vari ous known types of therma j et (bubblejet)
printhead devices. Two typical devices of this type,
one FHKED OF TERIEVENPEONXar d and t he ot her by Canon,
have ink ejection nozzles and chanbers for storing

i hk adj acent the nozzles. Each chanber is covered by
a soTbeprewdt msaixingelpbsip @ thephil afk jét pristhead Ja p atingeysystem

£ abr i g . . Nt .
ot Rao gl B A, oS e T SF AR Bqult BEF O an
devi €9) usingsughpprisibgade i s nade of Kapton T"= which is

a Dupont trade nanme for a polyimde film which has
been_laser-drilled to formthe nozzles. These devices

3P s o BARGRAUNE X Q THE INYENHEON, thermal  contact with

ink that is disposed adjacent the nozzles, for heating

the ink thereby.formn as. bubhl es i.n the_.jink. The

gas BHmFEE Geion drangT e SRRt ok fier B SolsSring S g vevor
dr opbulitdes ir2bbubele Epretigdichuidh Mhiy grndigkeis pagmlledescritied inSUSatent No.
obj e nt invention to provide a usefu
altegﬁggﬁ%gﬂﬁga%ﬁg‘knomn printheads, printer systens,

db net hods of ejecting drops of ink and other rel ated

|1 QUirla, e WA AN BONARL ABGS A SRR PSHCRRLAER: Two

typical devices of this type, one made by Hewlett Packard and the other by Canon, have ink
gjection nozzles and chambers for storing ink adjacent the nozzles. Each chamber is

covered by a so-called nozzle plate, which is a separately fabricated item and which is
20  mechanically secured to the walls of the chamber. In ceriain prior art devices, the top plate
is made of Kapton ™ which is a Dupont frade 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
25  be gjected through the nozzles.

It is an object of the present invention fo provide a useful alternative to the known
printheads, printer systems, or methods of ejecting drops of ink and other related Liquids,
which have advaniages as described herein. '

30
SUMMARY OF THE INVENTION
According to a first aspect of the invention there is provided au ink jet printhead

comprising;



According to a first aspect of the invention there is
provided an ink jet printhead conprising: 2 a
plurality of nozzles; and at | east one respective
heater el ement, which includes solid materi al,
corresponding to each nozzle, wherein each heater
el emrent is arranged for being2in thermal contact with
a 5 bubble forming Iiquid, and each heater elenent is
configured for a mass of |ess than 10 nanograns of
t he sol i dplatidy vidozids; andat heater el ement to be heated
toa te i iL.ng .poi.nt t he .
pubbl e 1 oF gt Y Belel ol o o o0 i sappopontins
of t Mecaphnsitle whereiti ng |iquid to a tenperature above
said 10 boilin j : L e . j !

9 PQUplHnehi&t el 1??&25‘3&%% o8 r%fn{ @%&%ﬂ ddntact with

thereby to cause the ejection o
efect abl e |i qhvblafmsugiiquidnendnozzl e corresponding to

that heater el enegihs hefGCRifhi1dcdnf e Rs R RssdP REGhanAD

the invention there is provided a printer_ system 15

i ncor por at i ng"3oFrPHefikesglid matgrigh pf 'iel?tﬂléﬁﬁf cfegiepite b hegted fp 2

ﬁl u [ alit ?/ of mada@mhabamheaﬁoﬂhg @Silhi_: ddm l{uﬁﬁi_@ ﬁlﬁﬁﬂng Gquid, thersby to
eat er el enen ich inglu oli.d material, ,

correspondi n g}“s‘af g?eeaﬁtc?ﬁ“ ﬂﬁ‘g%?‘g’,%lem hgudta ﬁ?qtﬂé’ﬁrla%'fe above said

abement is ar bathgadid wrfotes g bukbld hetinpheretgnd ambe té &dtiion of a

a 20 bubble lna. i gui.d . d ch heater el n

s cont i gur oa Pt Arkilidlfly MRl B Mot Ea R bt heser

the solid natéeened. of that heater elenent to be heated

to a tenperature above the boiling point of the

bubble forming liquid, thereby to heat at |east part

of t Aecorringio @ Seeopdhispest of thginvpnien there isppesided @ pantersp e

381 dindp&iBlidel N BinIdNMhe bhifedd Brprid@s bubbl e therein,

thereby to_cause the ejection of a  drop of an
ej ect abl & ATy of OFSUAA t he nozzle corresponding to

t hat heatseleast one respective heater element, which includes sokid material, corresponding
to each nozzle, wherein
gach heater element is arranged for being in thermal contact with 2
20 bubble forming liguid, and
each heater element 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 liguid, thereby to
heat at least part of the bubble forming liquid to a temperature above said
25 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
30  anegjectable liquid from a printhead, the printhead comprising a plurality of nozzles and at
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el ement. According to a third aspect of the invention

there is provided a nethod of ejecting a drop of 30

an ejectable liquid froma printhead, the printhead

conprising a plurality of nozzles and at 3 |[|east one

respective heater elenent, which includes solid

material, corresponding to each nozzle, the nethod

conprising the steps of: heating a mass of |ess than

10 nanograns of the solid material of at |east one

h ?e%t%ﬁle r&b@éﬁ%@ heafR bleBR PN ALY ihPuds St dnitaTal | BrrbPonding to each

tenperat ure above the boiling point of a bubble 5

f opzrle ¢hel hethodicomprieing the staps ehier mal contact with the at

| east L %F@ nhMal &ftat @& ne heater

part og%%ﬁgggiag%?ﬁ&?rgrﬁ%nlﬁg q%t?{?‘@ftt%ésaomtq enperature

abuensaindsindingitng sq;ndmcmde to gderapaatimegbevedbebailingpaintiol a bubble

tebublef ng | i gui skt so as
St it BBl Broue PaBt P iRl foR e RERE hplly tilnt

t Ifncs Beg bt ledre ﬁﬂdﬂtheablﬂ)blerfesmng Higwid to ¢ emphretuae aHowe said beiking point;

heat ed heater el e

bbbl e SEGRAE e TooBle e Dis st o ge A ERriel 1t el and

t he ar taus Iﬂgah bf @éctadle léquiil tmﬂ:eaf ectdd&hmp@x:&abd)mle corresponding
qui d as descri ed herei n 3 g bubbl

génheat % 0g8 hasisingue: SEBBH by S 3 ALBPEhFEs gspyoote

l'i quid, which, in enmbodinents, is the sarre body of

liquid as the e} ectable Iqu|d The gen
okt o rgloobeiopsp dsiied St aitothe PISEIORAN 8 ArOPLpg Ll Sectable

ieqﬁgi z[)(ﬁlregc?ﬁe& Deid s QR By Hhe E&ﬂ:r&ttﬂaﬁ of @b@éﬂ'ﬂ&bb[&ﬁ@ bﬁbble

e ls generated by Joul e eatllrg)g d
eI formeing ligphid chichs i embadiments. iciba sares bagy llﬁlﬁé a§ ‘gkpg g eqtﬁléle liqui.

Eqrel grgﬂetti Bﬁﬂb%ee aﬁ&s@ Ifi%ﬁ{éréa ﬁaqfesgﬁéﬁx?éj ectdble ﬁl{mcb Kit§dh forces the

SS t an~2 m crosecond If)ue to
S tdwxeﬂxrdn%htthe mletfdm nbzztw iThe bublede isaeerated by bmmlseaﬂ@g ofp heater

con | f
RISl Sl SRR U a5 bl o
bubbf ﬁ‘lﬁ'@kﬂ‘aﬁﬁﬁ,&ypl&ﬂ? 1dasuthish 2 mloﬂolswsm Dus t‘tastp@d heat dpthe liquid, the

e I ey DRI Bl B or ool Rk 88 As the vapor

S UGistit Pétlofidenbds, ﬂeﬁﬁt@{gr 1ﬁ®uﬁﬂe aslldpbe Thadiuhiile ocﬁllapsﬂs It«apggnt
of the bubble. The pr.i n he cordl to th Inthls

| mArtsrminsd bér(slpﬁ)c}mgrgg: llgelﬁ a4Y/0: i“} |teén§10n §§ the i

sl AERRN, 44 2 PRt 18 hefblédRo A ﬁIeETpoﬁit efwllise” of the bubble
|Prespond| ng to each nozzle. Each portion of 25 the

prl nthead pertaining to a single nozzle, its chamber
angyd $rintfdA8 aQordiY © 6 {808 cotPrises a plurality of nozzles, as well as a

chamber and one or more heater elements corresponding to each nozzle. Each portion of

the printhead pertaining to a single nozzle, its chamber and its one or more elements, is

referred to herein as a “unit cell™.

In this specification, where reference is made to parts being in thermal contact with each
other, this means that they are positioned relative to each other 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.
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referred to herein as a"unit cell". In this
specification, where reference is nmade to parts being

in thermal contact with each other, this neans that

they are positioned relative to each other such that,
when one of the 30 parts is heated, it is capable of
heating the other part, evendthough the parts,

t hensel ves, m ght not be in physical contact with

each other. 4 Also, the term"ink" is used to signify

Ay s RGPS Gt sipMEy in§ eftRiablellighiideshdiOnot limited to
conventional inks containing colored dyes. 5%@2?'3%_8fﬁ .
neamcotienbigks eratrining Felered dyseadixgaples of npproglareginks include fixatives,

3?‘%["&8 rabsioﬂ%f %;fpﬁ&fotﬁﬁeﬂ EhhiCE ThKeaives, bAtRS HEi8s, water and

ologl ca wat er and other solvents, and . ]
s @tirer sofywats; arid sorone [The inkirejdciableiliguid|alse needept pegessarily be a strictly
necessar i be a. ' iU j fure
0o e B S} hlsbispret otd iicls of BlodTRbAs KOR! Slers
t e Haait ar the cjactibnltergpérebust t he ej ection tenperature
In this specification, the term "periodic elenent”
refers to an elenent of a type reflected in the .
peh itaslipecifiadion, té tephepeiddic eldfedDEEALd BRnDEGCR! ¢IH tgpé 1©fected in
THE DRAW Preferred enbodi nents of the invention
wi the PEBAICEPIGRETIHEY, by way of exanple only, with
reference to the acconpanyi ng representations. The
drawi ngs are described as 15 follows. Figure 1 is a
s PBFAILED DESCRIPAIONQH THE BRAWINGSh an i nk chanber
of a unit cell of a printhead according to an
enbodi ment of the invention, at a particular sta

f
opRsefatrebembodinent of fheinyentionayil apw ba Opetied B ¥ey et Figmple only;
V1 itk FREQHIR & Iﬁ%éﬁ%%%%ﬁfeséﬁka%ﬁs? The dwiRkb8soribed as

stage of opera e 31s a schematic

crioewsecti onal view through the ink chanber Figure 1,

at yet another stage of operation. 25 Figure 4 is a
schematic cross-sectional view through the ink chanber

Fi gigire 115 2 sthematic @osstsectidnel visw dyenghfan dpeshamberef a unit cell of a

printhead according to an embodiment of the invention, at a particular stage of operation.

Figute 2 is a schematic cross-sectional view through the ink chamber Figure 1, at another

stage of operation.

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

another stage of operation.

Figure 4 is a schematic cross-sectional view through the ink chamber Figure 1, at yet a
further stage of operation.

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

bubble,
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Figure 5 is a diagrammtic cross-sectional view

through a unit cell of a printhead in 30 accordance

with the an enbodi ment of the invention show ng the
col | apse of a vapor bubble. s Figures 6, 8, 10, 11,

13, 14, 16, 18,19, 21, 23, 24, 26, 28 and 30 are

schemati c perspective viewss(Figure 30 being partly

cut away) of a unit cell of a printhead in accordance

with an enbodi nent of the invention, at various

S i S S14_RgtiRe Chi W 289 Odchéhgic perspective
T RRR .Y 05 R30I Do 80 R0 60,26, B @SSy en e prep

2 9iesn (Figtre 30 deisg phtiychieareay) of axmmatreelljof agrighead ifgegerdance with an
sui tabl e faor, use_ j. ' [ i ocess of the
7 SR inS e 3B B W R L e LR sRER TN Rl USRI

| pimtieal el y preceding figures. 10 Figure 32 is a

further schematic perspective view of the unit cell of
Figure 30 shown with the nozzle plate omtted. Figure

33ridutesd, SIS NRLITC2QQLSIF LT, i29end B bure cpar schgmatigtplanndgrys of @ mask
of a unit cell qof a i nt head ccordi na. .o :
;IS Fuseay PRI '15}%?1‘05 Hon sREER: Heahtal A¥ presented in the

heahedive irtfBlihiclylfredetitifigud i s a schematic plan view
of a mask suitable for use in performng the

production stage for the printhead of Figure 33 for

;g{%%ﬁé@z LG e s enfhis BB YlectiRerieR bi thE iy tell dFije a0 shown with

mat1c perspective view, partly cut away, of a unit
cahd nagfleplate dmuttsdad 20 according to the invention
having a further particul ar enbodi nent of heater

element. Figure 36 is a schematic plan view of a nask
s WigabB® if oschemetic pergpeetvervisw gartlyeuhaveryeha wt cell ofgarinthead

for the prin [ i G Blent.
e R 0P i ERtop s Bl lar bt of Rk en
perspective view of the unit cell of Figure 35 shown

LA A | & P a il i e production
schigact & ereptidngiiof B btk UL ER wibhnRriBpming e product

C edtdoe @by tRe PririRdad offliguscisobrifonginkdhe teater elomenttitomedfavi ng
a further particular enbodi nent of heater elenent. 30

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

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

Figure 36 is a schematic plan view of a mask suitable for use in performing the production

stage for the printhead of Figure 35 for forming the heater element thereof.

Figure 37 is a further schematic perspective 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 of a 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.
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Figure 39 is a schematic plan view of a mask suitable

for use in performng the production stage for the
printhead of Figure 38 for form ng the heater el enent
thereof. 6 Figure 40 is a further schematic

perspective view of the unit cell of Figure 38 shown

wWth the nozzle plate omtted. Figure 41 is a

schemati c section through a nozzle chanber of a

printhead according to an 5 enbodi nent of the

! méﬂé LOR 2SN Bhofrat gl RePsn theatiesel el feigInd 38 shown with
| rsed in a bubble formng liquid. Figure 42 is

s dhempeleplateanitto® t hr ough a nozzl e chanber of a

printhead according to an enbodi rent of the invention
show ng a suspended beam heater el enent suspended at

t Rigurd 81 tsayscisdmagic lsentipn frowghiauioptle cliasrber afe printigad according to an

Fi .43 ] . di ' i it .
5 DRI Bt b
i reaebleif@misdikxpidiy a nozzle. 15 Figure 44 is a

di agrammatic plan view of a plurality of unit cells of
a printhead according to an enbodi ment of the

i mégtﬁb MDD BROMI Geddion khiﬁti;@hi amoliﬂfs c]limﬂmll' effa phrﬁltlgmd @cobBlingto an

a diagrammatic_section throu zz amber  not_i.n

o CEOREPREL Ok 1V EMIOn SRORISR A FINeLIo0 R Bt St SUspendll at the
el gens vaRReddashle irainguleia ate. 20 Figure 46 is a

di agrammati c section through a nozzle chanber in
accordance with an enbodi nrent of the invention

s L@W Gad DR SLmBHEPBRR Vielbrh git bAT 8 Dfrinthead sRRAREGHo an

igure” 47 1s a diagranmatic section through a
nozztedinadrd nibe inykntionsbpHing4mezA9-i nt head 25 showi ng a
heater el ement enbedded in a substrate. Figure 48 is a
di agrammati c section through a nozzle chanber in .
ackignidan dea diagramenatic plabsivmdatpluality heutiteedls pf eprinthead according to

show ng .a _heater. el n f.1.01 098 . BaR-Ret ween parts
ofm’t‘f?énb%d@eé’ﬁgﬁ .elr%ne%%g%?gﬁﬁéﬁdsmg?al aqr fa%rgr'malt ic
section through a nozzle chanber not in accordance

w ffirg]u;er-ll% is Ell Iggrtalxtnil‘n%gé se%:ggm&gﬁ atngizz%( cl{]a%lzn%l' Eot% &cSrdance with the

invention showing a heater element embedded in a substrate.

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.
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7 Figure 50 is a diagrammatic section through a

nozzl e chanber in accordance with an enbodi nent of

the invention showing a thin nozzle plate. Figure 51

is a diagrammatic section through a nozzle chanber in

accordance with an 5 enbodi mrent of the invention

show ng two heater elenments.7Figure 52 is a

di agrammati c section through a nozzle chanber of a

prior art printhead showing two heater elenments. 10
L5038 a i Fﬁuﬁ!ﬂ.ﬁg L QURBR tirSugh@Gidzal8 chdnitetBuceordaics with an

adjacent unit cells of a printhead accordlng to an

e mipbetlimenitof e inyratipmehominasnthinnngge Bt wo di f f er ent

nozzl es after drops having different vol unes have

been ej ected therethrough. Figures 54 and 55 are

d Fixgreafina i idigseunationsection fooegh anozelgchgmber iraspardagice yith an

S T oA s

accordlng to an enbodi nment of the invention. 2

0
F| e 57 15 a di e i :

? 5%isa @ﬁmmg%ﬁ cg{(r)a E&h:fm L 1¥o %ire%g%hbe\f o?%r%r aft printhead
D@mﬂhhgaﬁamﬁﬁ@eﬁm@gsto an enbodlnent of the invention.
Figure 58 is a schemati c expl oded perspective view of
a printhead nodule of a printhead according to an

e PRt cﬁ’efgr&trﬁlﬁaﬂdkﬂﬁfbhltﬁﬁu%%pﬁt Sfdpcd®uniscells of a printhead
schemati c perspectlve V|em1t

i nt hea d

F.agw@ngs) AR dinmRER IS BRENtoR; GWEREY 3%‘% 5‘3"3&??@%5@?&8' drops
hgﬁlné H@@ren?b&%eﬂ%& bden! éi':bcfeﬁciﬁér&ﬁmugﬁ the printhead

nodu 30 Figure 58. Figure 61 is a schematic plan

vi ew of the printhead nodul e of Figure 58. S Figure

6 oeed ek ABEESH MRatét Q¥n&t ofa prior art
%ﬁ%%% gggg%ﬁﬁﬁgé?% an cengod|neﬁ% gf t he P

|nwmﬂmwbn Figure 63 is a schematic further

perspective view of the printhead of Figure 62 shown

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

to an embodiment of the invention.

Figure 57 is a diagrammatic clevational 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.

Figure 59 is a schematic perspective view the printhéad 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.



5 unexpl oded. Figure 64 is a schematic front view of
the printhead of Figure 62. Figure 65 is a schematic
rear view of the printhead of Figure 62. 10 Figure 66
is a schematic bottomview of the printhead of Figure
62. Figure 67 is a schematic plan view of the = .
printhead of Figure 62. 15 Figgure 68 is a schematic
perspective view of the printhead as shown in Figure
62, but shown unexpl oded. Figure 69 is a schematic
| obiputa D v akoepelidc Qplddes paghbctievibl bfd RaaRkadhodr@lE  an
62. 20 . Figure 70 is a block diagramof a printer
sng'Wﬁﬁ@@ﬁﬁgpﬁﬁwPBmﬁn embodi ment of the invention.
DETAI LED DESCRI PTION 25 In the description than
fol | ows, corresponding reference nunerals, or
coFteuEsSBrisl R prpemplieRutherempeqtive siewrns Sremuinthead of fiure 62 shown
5t hendddldasq of the reference nuneral s appearing before a
poi nt “mark) which are used in different figures relate
to correspondi ng parts. Were there are correspondi ng
pref . ' i ng. suffi xes to.t ref erence
i R e L i R
enbodi nents of correspondi ng parts. 30 Overview of the

R PSSR ) SR PR 3

10 print head according to an enbodi rent of the invention
coppri ses a(ﬁozzlgy |ate 2 Fﬁth,n zzles 3 therein, the
noZEFESUASY SHEPRUEFPHPR YKL the PHpead ok Figyred®. 5

extendi ng through the nozzle plate. The nozzle plate 2

is_. plasnma etched froma silicon nitride structure

wh léﬁ‘eu%é I%Fgglpi‘t@cﬂlmbvw theprigthesd A Figwapbr 5

deposition (CVD), over a sacrificial material which is
subsequent |y etched. The printhead also includes, wth

15 1 Higwets ivr whematisagmpestize viswdef theprinthegd anshabvingh Fighw 62, but

Noghglyd unlpideal s supported, a chanber 7 defined by the
wal | s and ‘the nozzle plate 2, a nmulti-layer substrate

8 and an inlet passage 9 extendi ng through the

mil‘igﬁré l68YES scﬁéméfcrlﬂg‘%m&ﬁalt Jggtiofn%oﬁéhdtﬁe printhead of Figure 62.

20 Figure 70 is a block diagram of a printer system according to an embodiment of the

invention,
DETAILED DESCRIPTION

25  Inthe description than follows, corresponding reference numerals, or corresponding
prefixes of reference numerals (i.e. the parts of the reference numerals appearing before a
point mark) which are used in different figures relate to corresponding parts. Where there
are corresponding prefixes and differing suffixes to the reference numerals, these indicate
different specific embodiments of corresponding parts.

30

Overview of the invention and general discussion of operation



10 (not shown) of the substrate. A |ooped, elongate

heater elenent 10 is suspended within the chanber 7,

so that the elenent is in the formof a suspended

beam The printhead as showmn is a

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

is formed by a lithographic $rocess which is

described in nore detail below 15 Wen the printhead

is in use, ink 11 froma reservoir (not shown) enters

t hW:ttthaﬁtbaf:e {6 Rijnites 1 foet, tHahBlt cHIBE §PQ§n§hea§%c$di‘tﬁ£g {8 embodiment
ngr fills to the Ievel as shown in Figure 1°

Th% & fivegtion coppripgs amarzleplateavitympzzlss B é@ﬁé@ ﬂﬂtmozzles having

SO £380 hitpfirck smx&h&ngﬁﬁ ookl Baid MhcHRRAE B 2 is

isinthe formof a thermal
apPrers gehed Somme silipen niside W@I‘GW@@ ig epositeidyby wiyeofiwhémical vapor

5 Co@é@ﬁﬁﬂﬂ\(é\h}} %%1' a%ﬂ{ﬁcgah 1 hidte %ﬁmmﬁﬁgéue%g ei!gﬁ% when

the el enent 1's heate causes ération
of vapor bubbles 12 in the ink. Accordlngly, t he ink
11Tcan

soger e B8 o, Spb ooy G O sl Py i the mozate

m platg sw@mﬁedf 8 eanipen® definied by thie vidlle ahdvibe fodzi@plhis Q, a multi-layer
gt IR S RS k g BROL R G o e e i

an]

10 t r(aomam) of tapgpibisede.i A 16dped, efoﬁiﬁzifb Bfatér AEL10 ﬁlshsptemed within the
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bubble 12 is t
G i T et GhBrD o Rspon e bewy, Bhe Bbatpesd o shows
thEhﬂ&bae&&)mdchﬁﬁ&I !;)%teﬁﬂwM V\)ﬂiﬁt%ﬁlrél%vﬁ&rls &{nudesaﬁwogmpmc

heater 14 OfSéieg print head i ch heater

el REARSHT Whigh f Wﬂ@@“ﬂ@m§@@@€§60WUrlng a |ithographic
process, as described in nore detail below As the

mask 13 is used to formthe heater 14, 30 the shape of
vaWien e grinthead ip iy wss, igl i } Gewarrdsereit (net @hupbermérs the@hamber 7 via

el ROk palag er“mEo ﬁﬁ{s &?ﬁg]b%?ﬁl{lsetfo%eele%lgg Elgo #Jsefg Thereafter,

reference b var ous
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1% in cnﬁatlnglthe thermal pulse 5 referred to
orm of a pulse, all the energy necessary to generate the bubble 12 is to be supplied within

that short time,

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 litho graphic
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 usefuil 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 paris designated 10.34 of the mask. In



When the elenent 10 is heated as descri bed above, the
bubble 12 forns along the length of the elenent, this
bubbl e appearing, in the cross-sectional view of
Figure 1, as four bubble portions, one for each of
the el ement portions shown in cross section. 10 The
bubbl e 12, once generated, clduses an increase in
pressure within the chanber 7, which in turn causes
the ejection of a drop 16 of the ink 11 through the

NQBhBord volfddE if dpplidh Rivsh Heleckhiddilh e édubdiosieat Wiiop thdugh the
as’ It 1S ejected, so as to mnimze t he chance
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press generated within the chanber,
orophieting thg hedtertIds &bsipnted vid e glemenbllyimegeasme she thermal gulse
5 12, .do ;E%Q&Beffect adj acent chanbers and their
c6??€%§8n 'hg nozzl es. The advantages of the heater
el ement 10 bei ng suspended rather than being enbedded
[ 20.a sol.i d terigl, .J . SCUS Ei
2 "W 5 s e B = Bt PP SR 2 W i e tengtn of
stihgeismedt, iaReubble appeafing, hethe proksatdetant] view of Figuoel , s four bubble
that ,the bubble 1 nerates, further, and hence grows,
wi BORHiangone forearh %{fzﬁbeg cleRSH PaTignT SHoRin O SR, gh the
10 hozzl e 3. The shape of the bubble 12 as it 25 grows,
as shown in Figure 3, is determ ned by a capbipatio .
o FTherPEbple 62 Qnse EGhFTHl ©55% 98 IFH7es SUISSEE THBHL G Fgber 7, which
the gﬁrﬂ Kaukds thd Bigctih dra Qfopt RBTHIR Ink SN ER0l the AdzAleBC Them 4 assists
ac

sur e area of the bubble 12 so that, by the tine a . .
c endakvting thaudrop bF ad it i¢iegteAa s iaminimizedhe dhapcan]pdrop migdirection.
essentially di sk-shaped. 30 The increase in pressure
w thin the chanber 7 not only pushes ink 11 out ]
15 t HPteugison Het tharsdy dudy Bne inarle 3 and chamlive 4 psoimist pasragg Adkso that the

t hrough the inl . ' .
ol 0P gl R AR WGl 18 (B5ER L0 and fommingof e
| endble,12advbs nst affebtyadizpopt okdomtet edngd thdr cariespandinginpzzles.

di aneter. Hence there is a substantial viscous drag.

As a result, the 11 predom nant effect of the

PrEfsSddi gntides 6f e hédhe ebiierbBY befng sispendédorather thak being embedded in
through,the  nozzle 3 an ejected drop 16, rather

20 ¢ oy sB ﬁ‘aYeﬁ?loﬁéinchﬁ%dg%?‘?ét passage 9. Turning now to
Figure 4, the printhead is shown at a still further
successive_ stage of operation, {n which t

dr Bgures2 aachd shayv the g g%} WA SPCeSHE RIS EF gppbiton ofthe
" nﬁﬁiﬁl&g. It can be seen that the bubble 12 generates further, and hence grows, with the
resultant advancement of ink 11 through the nozzle 3. The shape of the bubble 12 as it
25  grows, as shown in Figure 3, is determined by a combination of the inertial dynamics and
the surface tension of the ink 11. The surface tension tends to minimize the surface area of
the bubble 12 so that, by the time a certain amount of liquid has evaporated, the bubble is

essentially disk-shaped.

30  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
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phase" before the drop breaks off. At this stage, the
bubbl e 12 has already reached its maxi nrum size and
has then begun to col |l apse towards the point of
col l apse 17, as reflected in nore detail in Figure 5.
10 The col l apsing of the bubble 12 towards the point .
of collapse 17 causes sone iimk 11 to be drawn from
within the nozzle 3 (fromthe sides 18 of the drop),
and sonme to be drawn from the inlet passage 9,
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so that the u ofth r i
SXTERITR T MU e e
brgmbreafefail iNRMrdHe drop 16 breaks off cavitation

forces are caused as reflected by the arrows 20, as
the bubble 12 coll apses to the point of collapse 17.
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erring to Figure 6, there is shown a

cﬁ%ggggggsﬁin through a silicon substrate portion 21,

belng a portlon of a Menjet printhead, at an
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When the drop 16 breaks off, cavitation forces are caused as reflected by the arrows 20, as

the bubble 12 collapses to the point of collapse 17. It will be noted that there are no solid
surfaces in the vicinity of the point of collapse 17 on which the 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 to 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



5 Figure 6 represents the next successive step, during
t he manuf acturing process, after the conpletion of a
standard CMOS fabrication process, including the
fabrication of CMOS drive transistors (not shown) in
the region 22 in the substrate portion 21, and the
conpl eti on of standard CMOS iihdt erconnect |ayers 23 and
passivation layer 24. Wring 10 indicated by the
dashed lines 25 electrically interconnects the
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t he cg%, er tgat will he formed |ater in the process.

2 5P (@159 Bt Shtim apdh hediealgeclemens coyerspandgng tafhegiozelpe
etching of a hole 31 in the substrate portion 21 at a
position where the nozzle 3 is to be forned. Later in
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substrate portion 21 to the level of the interconnect

I r ' e t I were to be etche .
a1 s e B ER o B e 65 Bpu 615 g e SPetting
avoitibnt dfehehmbsivaBian bybn2y etfomethe passiatidmreck@sdsRoy t he

transistors in the region 22, the hole 32 13 would
have to be etched a greater distance away fromthat

r digwre 8 shovessthé Sadeard\peodmoset ATRDIR etcHing OF the (htBbaRteldydd23, to
t arrow 34) f etch|Q%_|naccuraC|es. But the
R tasc] %ogﬁnmlgﬁg. ﬁ‘[ﬁ; gpeging 30 1s to constitute the ink inlet passage to the chamber

that will be formed later in the process.

Figure 10 shows the stage of production after the etching of 2 hole 31 in the substrate
portion 21 at a position where the nozzle 3 is to be formed. Later in the production process,
a further hole (indicated by the dashed line 32) will be eiched from the other side (not
shown) of the substrats portion 21 to join up with the hole 31, to complete the inlet 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 fo
avoid the hole 32 being etched 50 as to destroy the transistors in the region 22, the hole 32



fromthe top of the substrate portion 21, and the
resul tant shortened depth of the hole 32, neans that
a lesser margin 34 need be left, and that a
substantial ly higher packing density 5 of nozzles can
t hus be achi eved. Figure 11 shows the stage of
production after a four mcrdn thick |ayer 35 of a
sacrificial resist has been deposited on the |ayer

" 24. This layer 35 fills the hole 31 and now forns part
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r efigfidence numeral Inthls illustration, this

patterned | ayer does not include a heater |ayer

elenent 10, and in this sense has no heater
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Figure 18 shows the stage of production after a second layer 40 of heater material has been
deposited. In a preferred embodiment, this layer 40, like the first heater layer 38, is 0£ 0.25

micron thick titanium nitride.

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



corresponding | ayer 40 does contain a heater 14. 5
Figure 21 shows the stage of production after a third
| ayer 42, of sacrificial resist, has been deposited.
As the uppernost |evel of this layer will constitute
the inner surface of the nozzle plate 2 to be forned
| ater, and hence the inner ex#ent of the nozzle
aperture 5, the height of this layer 42 nust be
sufficient to allow for the formati on of a bubble 12
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shown) to reduce the substrate portion fromits
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of each of the resist layers 35, 39, 42 and 48, is

renoved using oxygen plasma, to formthe structure
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Figure 28 shows the stage of production after a protective layer 48 of resist has been
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, 1o 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



fromthe | ower side of the substrate portion 21 to the
nozzle 3, this passage serving as the ink inlet
passage, generally designated 9, to the chanber 7. 5
Wil e the above production process is used to produce
t he enbodi nent of the printhead shown in Figure 30,
further printhead enbodi nentd§ having different heater
structures, are shown in Figure 33, Figures 35 and
37, and Figures 38 and 40. Control of ink drop
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is not shown cut away, so that both halves of the
heater elenent 10 can be seen. 15 In operation, ink
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of [ s APsshoys et fivay niorthat pth helves pethp heasgy element 10 can be
bejeegen the voltage and current to achieve a certain

power of the elenent. Modemdrive el ectronic
conmponents tend to require | ower drive voltages than
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transistors intherr " state
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relation to Figure 1, to form a vapor bubble in the ink within the chamber 7.

The various possible structures for the heater 14, some of which are shown in Figures 33,
35 and 37, and 38, can result in there being many variations in the ratio of length to width
of the heater elements 10. Such variations (even though the surface area of the elements 10
may be the same) may have significant effects on the electrical resistance of the elements,
and therefore on the balance between the voltage and current to achieve a certain power of

the element.

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 capabﬂity-and

lower voltage tolerance in each process generation.
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Figure 36, referred to above, shows the shape, in plan
view, of a mask for formng the heater structure of

t he enmbodi nent of the printhead shown in Figure 35.
Accordingly, as Figure 36 represents the shape of the
heater el enment 10 of that enbodinent, it is now
referred to in discussing thwt heater el enent. During
operation, current flows vertically into 5 the

el ectrodes 15 (represented by the parts desi gnated
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oot i e 2 B B R s a0

h%ﬁinecﬁe S8R 1 Shddh th Bfde 39 aad ﬁ@djnﬁammgw 1egp s@ Ab@rdmgly, the
same unit cell 1. One of these el (frrents

: i S
t redenyeint|t hofR gyrp a3 @ilh Beves ravrbdowers! eftncgal rgﬁstgnce, and WM pernut a .
%1%15 Hgﬂvﬁt]ﬂ&b Wndrfthe Slemetl f0RF ] 2«;%.96 B, GBtherbhiRe Yeytir@dtslower drive
at SO ar

I'ower el enent 10. e 2 mgrons in
wx@ttagetmﬁclnx@ramggmgxﬂqéhehﬂ@wéMéMWh% 1 are 1
mcron in width. Thus the energy applied to ink in the
chanber 7 by the Iower elenent 10.2 is tw ce that
arin [Fignet 38y oh tie utﬂmn band Herearhodi@nt shawn dncidge A hggtpn i having two

of eﬁﬁgglglp%tg g¢‘ p 10 ) aérke%ﬁ @ntg tﬂ%esﬁl% Bﬁx’c ?elf ﬁg@g?gfe tﬁ%e elements
| NiQ. s opice ﬂﬁcwleﬂi o thes dthBrtel'emebth] essth mnﬁs@udmab' largertsurface

the e o, t he J nk t he I n

0 I G Pl A Bt e oo
apippkederidht F 0e gkegmtcrr]@i mﬁﬂml THusZhd meagympphezup iglnigl thchehamber 7
ener appli e the two e Qut. ,
36y 163 losh Pewent 02 5 Aeiet oL SREPLRY GRERFE FSreRb 0 T &% Hiven dive
el el addﬁ)uf’s@ QhAlibe Mehis prnits @rexulafing 8¢ the Bize b eaior bibibtes and

bits of information can be
hence of the size of ink drop ejected due to the bubbles,

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.



30 printed wwth the one nozzle 3. 17 As the above
factors of energy output may not be achi eved exactly
in practice, sonme "fine tuning" of the exact sizing
of the elenments 10.1 and 10.2, or of the drive

vol tages that are applied to them nmay be required. 5
It will also be noted that the upper elenent 10.1 is
rotated through 180 about a vertical axis relative to
the I ower element 10.2. This is so that their

el a6 el fAfioRIoE ciRby Stpl &lad @Bt be acﬁielv&i’\éxﬁ&ly in practlce, some “fine
i ndependfent connection to separate drive circujt

FeB‘P{ﬂgeg the gxachviaing a5 B8 ebwaﬁs 10 d @nd A0 2ndroditheetitve vol1ages that are
D giiisd enbis] AYY bateg@reqappr opri at e headings, are
certain specific features of enbodinments of the
i nvention, and the advantages of these features. The
fe [
51 SR8 B8 Ao QufEE 00T UEhE 17 5 ARkl dooa vericluxi
u nictatige tatbe bover ebemenisifes i Thiscia ko ’ghaethellr eldetsodee i § ajemot coincident,

h f [
PR d T o8 Rk R AHBREIR TR of or ence

to Figure 1, and as nentioned above, the heater

el nt 10,1 n the. form of a suspended beam and

t h? g"%?'?s §’l’f§ﬁ%’ffﬂ@é’%‘@féﬁ”‘&i”"frégﬁg’f’glg’eﬁ@rt i on (desi gnat ed
1011.1) of the ink 1 1 (bubble forming liquid). The

egﬁ 0.is confi ured in this way rather than
§edjh?1a°r"f» ugler agpropRAt Beadinge dreesTiain. specifie fratipeaobergbodiments

i Softth@in0@sn] hdemd éiivhx'&ggeﬁ 6f &E&%&lﬁy STRIRatiRd Gre tJ%e considered in

varl ous manuf acturers such as w ett Packard, Canon
andlatien teealio! thadrgwings serfainingte ﬂ@p progeghiny prgien pnless the context

di r
e 1o o Viodt 8k specifigly refoved
15 melon advantage of this feature is that a higher

ef ficiency can be achi eved by avoiding the

unnecessary heating of the solid material that

‘ dedbeanehdateat er el enents 10 (for exanple the

SO|Id naterlal form ng the chanber walls 6, and

surroundi ng the inlet passage 30 9) which takes pl ace

i With eefrmh@rto FigurelB\ahd %meﬁlfhﬁed’lﬁﬁtfﬁ rtg? Béatcs ldl’éhleﬁtoif 0iglin the form of

o material does contri e to t or mat 0 .

0 B BasbRaT: B3t eiE Pithondeh Sk BLiet g PORIOB R ERRIE: H- B ofth ik

11 (bubble forming liquid). The element 10 is configured in this way rather than forming

part of, or being embedded in, a substrate as is the case in existing printhead systems made

by various manufacturers such as Hewlett Packard, Canon and Lexmark. This constitutes a

significant difference between embodiments of the present invention and the prior ink jet
25  technologies,

The main advantage of this feature is that a higher efficiency can be achieved by avoiding
the uonecessary heating of the solid material that surrounds the heater elements 10 (for
example the solid material forming the chamber walls 6, and surrounding the inlet passage
30 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
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i nvol ves the wastage of energy. The only energy mhlch
contributes in any significant sense 18 to the
generation of the bubbles 12 is that which is applied
directly into the liquid which is to be heated, which
liquidis typically the ink 11. In one preferred .
enbodi nent, as illustrated i@ Figure 1, the heater

el enent 10 is suspended 5 within the ink 11 (bubble
forntng liquid), so that this liquid surrounds the

&@ %Enereﬂbh%f’th% bubbiEd 166 tiak bichipdpplied dirdcilgintethd liquit which is
anot ossi bl e enbodi nent, as illustrated in Figure

42}behﬂ@ﬁh@hﬁth@ﬂéﬂ@ﬁ?ﬂbﬁh%€§ﬁt|s suspended at the

surface of the ink (bubble formng liquid) 11, so

that this liquid is only bel ow the el enent rather t han

S Gt bwmdfmgd embodimentt dsaiustiated i Figursr, thedeaipnrisment Hoisgpspended

H‘]}‘gﬂ’?‘lé t%l (E}‘l?b 5?1% | qgﬂtd% Elgdt Eﬁ%@(ﬂdl&‘sﬁt%luﬁés' tB8elb@ent. This is

for m
alfhrtieds axm&am-tn & mgmm ht Inds@othet pdsabtemntbném@nb é%ﬁlln@tﬂted in Figure 42,

de c ibed, in rel.ation to Ei § 4
& Rt e O peenab L DR o R BB Rning liauid)
0f1 1FsDMatehE 11qma i dniiﬁbe}low mhq:tﬂmmrd eatizer Mneulecﬁmdmlgeh tnd there is air
o erati on. e se in
archew: v v o rgseto i ansad Senid Ry Cin g Fapge 41 i

%r&l‘éﬁéﬁ éssthé?bhﬂiB{H 16611 GBmY alDaroREhS el ment i@ untiké indke etbodiment
its opposite side, so that it

caesnioed i eion FigRE 92 BRoRIfee BEDIRHUAE S Aoy dag lppent Thus
Prifs BabdfmbRde th‘ﬁ I16l ﬁkéﬁf i h&e b ke dfh€eht@ptration.

Q
el enent 10 is configured cp[ﬂ that an energy of |ess
than 500 nanOJouIes (nd) is required to be applied to

gén 1&0%111;55&%1& tvith WeeblehiaB tHighrdsB 0208 51, andheakt Blement 10

1 |n 4s to eject a d rop160f|n
t ﬁfeamgh su@ortamﬂ:emsonq sidecand 1tpff%€f?é its epposiiduds: se that it pepstitutes a

rS%Ph%Fd energy is less that 300 nJ, while in a
"“enbodi ment, the energy is Iess than 120 nJ. 25
It will be appreC|ated by those skilled in the art

thgé Erior1ﬁrt.ﬂ§vgces generally require over 5

m the elenment sufficiently to

generate a vapor bubble 12 to eject an ink drop 16.

Thus, the energy requir. ts. ent ent. 4

ar Bhefratgroepseay W&@W@t}ﬁ nbiadiot IR RET SN 1S RhfERed soch
t N@LIE enleft of Bss S 560 Hanojblles (ﬂmer,-qme zcg;e @plnedm‘;ﬂta adement to
al l ows 30 Tower oper

t
2 gt freatticimtly Scogme DS 11 Bk s fous g GO g 16 ofnk through

anozzle 3. In one preferred embodiment, the required energy is less that 300 nJ, while in a

further embodiment, the energy is less than 120 nJ.

It will be appreciated by those skilled in the axt that prior art devices generally require over
5 microjoules to heat the element sufficiently to generate a vapor bubble 12 to eject an ink
drop 16. Thus, the energy requirements of the present invention are an order of magnitude
lower than that of known thermal ink jet systems. This lower energy consumption allows
lower operating costs, smaller power supplies, and so on, but also dramatically simplifies
printhead cooling, allows higher densities of nozzles 3, and permits printing at higher

resolutions.



print head cooling, allows higher densities of nozzles
3, and permts printing at higher resolutions. 19
These advantages of the present invention are
especially significant in enbodi nents where the

i ndi vidual ejected ink drops 16, thensel ves,
constitute the major cooling¥nmechani smof the
printhead, as described further below 5 Self-cooling
of the prrinthead This feature of the invention

pgl‘ﬁ 85 adiApRL of HEpROBE DY erfR st Ldpdanlg s@ﬁc@ﬁtlﬁbﬁ‘ﬂ@iﬂﬁlents where
orm  a vapor bubble 12 so as .to

ect a
offad infiviiualoiectediuly &b He therel virs F%ﬁ@&dhwmar Socltng Brcahanism of
CQ&%#ﬂﬂﬁ de%ﬁ< b@ﬁqpved by the ejected drop
t's

ein I's taken into the 10
pri nt head fromthe |nk reserv0| r (not shown). The

5T | t gf t 'e Hat the net "nmovenent" of heat
\M§a£%%¥¥ﬁﬁiéﬂ%ﬁj§Tvn1the printhead, to provide for
autonatic coollng Under these circunstances, the
pr ead es_not. uire ot her
Bt epinot dpvenkobpavietal e e arBl bdfheRdod i 10 to fomm
d ravdpor Bilbbletin@o Bf fonfideeadrobd 6of frlkeld ds tekr@vedlﬁom Jﬂm:pl‘mdhead bya
drop are constjtuted by the sa an
wi Sopbinekian o ?P‘iﬁt pcpd by, e el dﬁ@@e‘? 4|1 6 taflf hicem o the

10 CQREARLE BbmltRe BX Pés@SBir (I slitﬁﬁn) nTyereilt oftthis éiitgle wes F“movement”
on the one hand, the ener added a%fthe heati n

t taf heatavib e oqt@/arda" AEppihe pra @ﬁqﬂ oy profg wematic copg% Vlgﬂ-Lder these
clrcn@%ttcm g%{lfplmﬁllﬂﬁﬁ db&H4t fequikd ﬁﬂﬂo@ﬁe@ ebdig syshend. Nk

drop ntake of the replacenent quantity of
ink 11. Assuming that the replacenent quantity of ink

1 1A§ 5[]20@ gigctgcp alfdefﬂ@ﬁﬁahy bfink 1 P@raaREhd FHRIAA BVreplace the
ne

due nment of the ejected and repl acenent
15 quaeﬂteddrepamfcomsnmt@ﬁw thosamsrtyesiliguisde 1@@@@%@%@"3 same

gfe 1%%#9 ti?%t cgﬁ\?eg%e%t 88 xi)t%gsuché ﬁ& n%&efn@ﬁtsb? endr as, @1{7@1@ bAL M, the

dro
t eﬁqeﬁgyaawcﬂay th@héahﬁg abthel a]Jememtelwpmdamuh@otber hahda tlefrmpbreeoval of

is e 5
e
d e&kﬁaﬁ i Tk Mh A ssGHng 1t11ha1 theesplidementrduamtity of ik & isett ambient
In the present case, the.t erature t
20 et R b EPSPUS 1 B STentsa P i S et
| Niuahlii &HretiSeah @sn\&hieﬂﬂjh&aﬁ(pfdsm as tethehtnthat Stonldagerequired to raise
reservoi r (not shown I,S conneg ted, in fluid

f | e terenpmivie @ﬁme@ﬁcteti Grom e it oY brgnngraire, i he actual
pr {eﬁ‘&)%ﬁge of thPloplak ¥ if Hect@rbi ent  t enper at ure will be
the room

25 Tt will be appreciated that a determination of whether the above criteria are met depends on
what constitutes the ambient temperature. In the present case, the temperature that is taken
to be the ambient temperature is the temperature at which ink 11 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

30  ambient temperature, which is usually roughly 20 degrees C (Celsius).

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

lower, or if the ink 11 entering the printhead is reftigerated.



30 anbi ent tenperature, which is usually roughly 20
degrees C (Cel sius). However, the anbient tenperature
may be less, if for exanple, the roomtenperature is

| ower, or if the ink 11 entering the printhead is
refrigerated. 20 In one preferred enbodi nent, the
printhead is designed to achizeve conpl ete sel f-cooling
(i.e. where the outgoing heat energy due to the net
effect of the ejected and replacenent quantities of
ink 11 is equal to the heat energy added by the heater

el emrent 10) way of exanple, assum ng that the
| nkl one prﬁerfqéeemméme@t therprinthgad 1sqiqs1medrt@| aghsevambmplete self-cooling
[ OXI t e
B i R oL il AP el BERE TR pfacement

d e@tra@‘é@es@f inkhidris edqvet ® theheat mxgyuddmﬂiy tBOheheg rehﬂﬁ:nﬂ 0).
fromthe anbient tenperature to the ink boiling
tenperature and that is the maxi numtenperature rise

t hBy WaSlOfdﬂdamp}:e; assmhmguﬁm thel il mnﬂemmbbletfomﬁngiﬁ iid add i€ water

R N R T

ar emperntireis @0 degroestd) €hddahdre B3 RAlRIMT 60 BSeréRlC &dm thd ambient
the ink 11 ﬁ such a tenperature, then

t FRrARTS o t%anf heiligp terperalige ﬁndptaatﬂg themax e tepgerature rise that

10 15thé prihtleddedildtunligtg®OMe regi ons bei ng above boiling
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point, with the unlntended and therefore
undesi rabl e, formation of vapor bubbles 12.

Ack arddiinleto a@m@ 'h%ﬁ at «gﬁ%@g{; S Within fh Cé)&%heaﬁ ?ﬁé}ttﬁa%rat time of

is configured such
d dgk Aropd@ ejgstion) whmar@eery slobé vthaboiligpditief rmmnm If the ink 11

o T e € lpefofFey it o B B B B bl et gt

b otouidirgsultch memevregions bangamive hglhﬁg)pmhe with theh@rintandadtand therefore
n f, t.he f.eafure pre
gk Bl MBI, SSouBhir el spgdiment of e
t havenkion &l donﬂsgu'édxuch tat gimplaz Eélﬁccdﬂﬁg,i ab e Bed efbbv@ can be

o1 s PEBeodh B ea AR =Pt o Shpk hl (hBbls forgups b in

b@aﬁlcﬂgr hovzioshanBer s 26 degb@ccemow Qs BSIEAL FSind R MG ang
elf 3“%5@{5"16 are being ejected. This can allow as nuch

Pa%¥e-d i ncrease in nozzle packing density
than woul d be the case if such a feature, and the

tell,gperatu criteria mentioned, were not present.
e main advantage of the feature presently under discussion, and its various embodiments

is that it allows for a high nozzle density and for 2 high speed of printhead operation

without requiring elaborate cooling methods for preventing undesired boiling in nozzles 3

»

adjacent to nozzles from which ink drops 16 are being cjected. This can allow as much as a
hundred-fold increase in nozzle packing density 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.



Areal density of nozzles 30 This feature of the
invention relates to the density, by area, of the
nozzles 3 on the printhead. Wth 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 2surface. 21 More
specifically, the areal density of the nozzles 3 on

that surface 50 is over 10,000 nozzles per square cm

of Md#é bRGEicalys the dil 8ORIPEERERISHs § SR FERce 56 Rver 10,000
areal density exceeds 20,000 nozzles 3 per square cm

of 1oZ7les pet squwresm ofisufacedial e i n anot her preferred

enbodi nent, the areal density exceeds 40,000 nozzles

3 Egr square cm In a preferred enbodi nent, the area

de fspneyprefarrefgengpdiment. Aheared densiy exarady 20, @)hnoviesd per square cm of

re j . ' zzl e i S take
5 o bl 38 afep I o e BBy B S  BE sl s BRERE 40,000
nogedzées wier swareans i Istagpreferyql endolliynent fheoarehl idwssity is 48 828 nozzles 3
trg h&&g&h a shift register, an enable gate and
cl 6ck*regeneration circuitry (this circuitry not being
specifically identified). Wth reference to Figure 43
in ic@ a single U{ﬁt cell 1 is shown, the dinensjions |
of {178 relqiEng fo the areal densily, each RAzale3 tdritng ta mclpde s dsive-girouitry
10Wi oérhespondfirg totierRREe, Whitledmbikts, tfeaR087d &iv3 tabhsistb 8 shift register,
next s éce55|ve row of nozzles (‘not "shown) |nned|a§egf
judt %IBE gateapl glogly segpreration cirpity (thig sirguijs el heingfspacifecally
di nenasddan of the outer periphery of the printhead
chip, there are 48,828 nozzles 3 per square cm This
is about 85 tines the nozzle areal density of a
(] Aol gere P Wb RO AR col PG 5809 hoaiBhions of e
15 pr piiit ¢elaer stpve aseing 323 vagrorge wodth &y ¢ glicransiallengtin Siteyozzle 3 of

is UL deyi ces. are bat ch

¢ oiop kSRR i o0t ot o) Sl e B s Bl Bt so that,
The amsw@t afdrrdieenSort dithe auer pedplacye of e grbthehdi chipathere are 48,828

S of substrate, th re .nozzl es n be )

£ afides § By oyl O Thes ghaUE RS Bimy (R npgAly aratl dgnal as gpisel

of themen! iekfjetrpriniead, aad toughly 400 Bk e o8 ardal QVESRy R B Biezoelectric

20 NE%%ﬂ\{\éaaE_er of the type used in the printhead of the

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

batch fabricated on silicon wafers of a particular size.

25  Themore nozzles 3 that can be accommodated in a square cm of substrate, the more
nozzles can be fabricated in a single batch, which typically consists of one wafer. -'I'he cost
of manufactuting 2 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 i)attems that are formed
on it. Therefore if the patterns are relatively small, a relatively large number of nozzles 3

30  canbe included. This allows more nozzles 3 and more printheads to be manufactured for
the same cost than in a cases where the nozzles had a lower areal density. The cost is

directly proportional to the area taken by the nozzles 3.
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present invention is, to a sone extent, independent of

the nature of patterns that are forned on it.

Therefore if the patterns are relatively small, a

rel atively | arge nunber of nozzles 3 30 can be

i ncluded. This allows nore nozzles 3 and nore

printheads to be manufactured for the sanme cost than

in a cases where the nozzles had a | ower area

density. The cost is directly proportional to the

a . 07 nfeupobl e formation on

o%@@@%?QEQPQ%Qiﬁﬁmﬁagﬁﬁ§§£?§ﬁﬁﬁF According to the

present feature, the heater 14 is configured so that

nen 12.+f:9 fa'Bubisle 12 forms

A 9 i o T i Bhabeg 4 bRl Bt

1 (ilu th i Bif @ulbbié forming Ii‘qurdbgﬂt Somaien bath sidey efirrgheates element 10.

A FERRRIC DRt STRE B Ay g Brgt g el s SbRbTifin e

SHﬂ@@oﬂ&mﬁ@@@&Eﬁ%ﬁw el ement 10 as opposed to on one’
side only, can be understood with reference to Figures
45 and 46. In the first of these 10 figures, the

P%E ?%rnfa'h.@xﬁ@fﬁ bubBlel 12 ogdﬁﬂi ﬁ&s&oﬁﬂlleﬂiéﬁexbamii&w 11 3s dppobeel to on one
ormed_only on one side as ile i
t (sids@nty, g heginderigod Wihsierencs to Figyres g5 fﬂa‘f 4§ et ‘B’B{ of these
r#.lﬁ: blﬁe hohaRmeRM Ae Eﬁhp%d%ﬁﬂle B8bLI OV be lfdrnied only on one side as,
Iguration such as that of Figure 45, the

r
t hettiletih grelsetsinfl of theseffigurss. b el@meytléﬁ%apteﬂsforsthﬁéu@? f%*@ be formed
he%ﬁ%ﬁ1% WEQ&U%% is because the elenment is enbedded

i a SUDSTTate so that the bubble cannot be
fornmed on the particular side corresponding to the

Eg[?%tcrgﬁ%égat SP?’] X gtﬂ{a"flgf Fign a?I-S bl %a@cg}éat%btfb@[e@?.%rms on only one

con ure 46 as th
h esdesdf tied Immm tlethenthe usebacsuss lﬂmmmu is eﬂ@edziedc@ apdstrate 51, so that

mﬁggﬂcﬁ&c r 2 g p ﬁe@ég.lcu far 8138 E&ﬁes@&{dm[g% ﬂ‘?e subsi:rate By

Fi Ghfrst, ke btmblebllﬂ&h forhon tiasilienir thetconfigrationef Egutqﬂé as the

surround the  sus end eam el enent. The advant age of

tHEﬂﬁﬁﬁﬁmgmﬂQhﬁﬁﬂ ‘both sides is the higher

efficiency that is reduction in heat that is wasted

in heating solid materials in %Fg 25 acm(aéﬁ% H S ibed

| sOfienursevhgre the hepiar plegrent Jis frutee ormyq é"ﬁB?Hﬁn oA fes
do,jaQL irnCRfRtibd RUkiSurt @ thohiBdid ONis Aflowedts Fithesolad to Sltidtind the

suspended beam element.

The advantage of the bubble 12 forming on both sides is the higher efficiency that is
achievable. Tﬁis is due to a reduction in heat that is wasted in heating solid mate_rials in the
vicinity of the heater element 10, which do not contribute to formation of abubble 12. This
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.
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is illustrated in Figure 45, where the arrows 52

i ndi cate the novenents of heat into the solid
substrate 51. The anount 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 30 be water based. As the thernal
conductivity of water is relatively low, nore than

hal f of the heat can be expected to be absorbed by

t subs rather than by the ink 11. 23
P?gvglofgﬁa%?m%%bitation As degcribed above, after a
bubbl e 12 has been forned in a printhead according to

an . £nbadi r | 9 P prihth&adiebhiliag to an
e

t embbdimktaif thecresertsavention, fas tipblecelensediawandp a ppishpigollapse 17.

elenments. 1 re confi L
TS 1 B BB Y G B S A6t v
by hmeshamibbrp$Eso thairtke poinfses céllapses! Tspweds which the hbbles collapse,

heater el enents, .Pr abl the pri.nth ' :

c GFF 4t §ORQPS Sppoeq ﬁg?ﬁ‘{‘%eﬁger %@mﬁ%ts's Teifeéabr%ﬁ?ﬁeie r]%rgﬂtheg? Issclj} gﬁgu?ed 5
P @hp tere3E n6 SOHdARGErAL 4t subh pbifitsHf valjapsali. tlathioway Cﬁefiitatga_mbemg a
maj or problemin prior ﬁaiftaennah ink ét.dggéces, IS

| anajey pyotaemn iR Rigr 8t thepmalpak it APgstid aﬁ%ﬁb A% a
preferred enbodi nent, the heater elenents 10 are

configured to have parts 53 which define ga
( Refrengiothbgnrn S, ime pefertss cdpdimsHy thegheptg ﬂﬁ%?%lzs K55 Fendigured to
éarﬁgfﬁar& B3 SRR 2t (@breS@hddaRSRe dfovt $4)WHdAb férhithe bubbles 12

s col 'apse ar ocat ed at “such gaps. The
ackodint égeoits dfitpBapse 47 tarwhick theibabbles collgpss erglpsatgd g such gaps. The
avol ds cayitatl.on Ok i BtSthd Qeater
A EE P LTyt i€ B Rikfinlids R o RAaRD)
S Vedraansal®) ant other sodidema¢riadal |y in Figure 47, the heater
element 10 is enbedded in a substrate 55, with an
i nsul ating |layer 56 over the elenent, and a protective i
| oy Qstabdar®¥eabr drfWsiensi shdvimghtmstznally WRigire 4hhbheater plement 10 is

is formed by the elenent 10, it .S I t .
a6 SRaR oo B B oy S8 g QU ey Gl forctive
t hﬁ?/éi‘rs'? QY& tRSinsul#ing 1§fer.t Weree B BIe T is tfdrmeld b itheeelement 10, itis
colTapse is focussed qnto I | point, of

Sl ot . B P E72b gt gy v 5
t hﬁ{‘%ﬁﬁ“@edé?g?%@ﬁie%bm% QbRSe BUScubsdloh® oy radll minttofiadiiapse 17.
wou result fromthe focussing of  t hgaﬁéener%é‘g%ﬁtgg&aﬁmt}lﬁt

poifhe pustedtiyk layps® were byl theaiigmerhagica Soroey
h ?%Engg tre%blz ﬁlﬁgltﬂé%ﬁwscl%géﬂl‘é%‘f%s edelibySto ke IR GEBSIREsdN, thfld chip away
P or erode the heate¥ element 10. However, this is prevented by the protective layer 57.

Typically, such a protective layer 57 is of tantalum, which oxidizes to form a very hard
layer of tantalum pentoxide (Ta;Os). Although no known materials can fully resist the
effects of cavitation, if the tantalum pentoxide should be chipped away 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,
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25 Typically, such a protective |ayer 57 is of
tantal um which oxidizes to forma very hard |ayer of
t ant al um pent oxi de (Ta205). Although no known
materials can fully resist the effects of cavitation,
i f. the tantal um pent oxi de shoul d be chi pped away due
to the cavitation, then oxid®ation will again occur at
the underlying tantalumnetal, so as to 30 effectively
repair the tantal um pentoxide |ayer. Although the
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t hid teRberaRiESat dicleted dédignatedrop shffgitntlgitodmtdhmmkght bugfit a?so results

the tantalum and this re uces CY, 0

dat SRR RD SR e P AIE Lt e tpiPUSREY e oS 1.
arfHdEd digddy Wil bt b8 preet ifftRethdter tlo@ohtedalas merely supported on
designated 59 to raise the tenperature at the | evel

d@sﬁuﬁn@ta@év@@ﬂSWﬁE@bﬂfhe}Pr?tﬁm’{E ®%He ink 11, but it
also results in a substantial thernmal |oss to take

pl ace in the dlrectlons i ndi cat ed bﬁ@the arrows 61
Th@@efd@tl%sfa@mﬁq@fa@@r o dissassione thereed For p REPIeREXE kyer 57, as

cfaE‘cBA% bd %’S’o ‘é’ai».? {}ﬁ o@g@?@{\ﬁt tﬁfib@dme B, SURSACR 135S, WeBlustrated in

tovered ayer . 10 According
t $1gttre 48 etemrarde a pmasdmollgpsu A d et whitk ﬂ@@sw phsolideaterisd.qnd more

for r & e
el it s o FHE B e o DRSS DG AR Blemlet 10, As hero s
c Qhér@@&ﬁéiuﬂ{ a$ itisé1f insthis dcatlori (prioFiodublde g@erationk thgre ig no material that

ol nﬁap g{odgcgh%g ﬁ%ﬁxgl zfﬁcgt% wacgam%%}qn enﬁ)e{%ﬁ:ré o tlhgpmﬁt of collapse 17
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The tenperature at the, point gf coll apse 17 nmay reach
nﬁﬁ&@%ﬁ%ﬁﬁd&ﬂ’éﬁwﬂ‘g@?@é@t@@l &5 denmonstrated by the
phenonmenon of sonol um nesence. This will break down

the ink conponents at that point. However, the | u
of Tisgamention eithebeibla &2 50 thahbcplsptte [Tt Pkl cglfensg 7 where

S oth%l%% 110 étﬁﬂ &tg}%l dgShd ééﬁfekr&fhsﬁfg heater elements 10 corresponding to that
represented by the part 10.34 of the mask shown in Figure 34. The element represented is
symmetrical, and has a hole represented by the reference numeral 63 at its center. When
the element is heated, the bubble forms around the element (as indicated by the dashed line
64) and then grows so that, instead of being of annular (doughnut) shape as illustrated by
the dashed lines 64 and 65) it spans the element including the hole 63, the hole then being
filled 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
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20 ink conponents in this volune is not significant.

The generation of the bubble 12 so that it coll apses
towards a point of collapse 17 where there is no

solid material can be achieved using heater elenents

10 corresponding to that represented by the part

10. 34 of the mask shown in FEsgure 34. The el enent
represented is 25 synmetrical, and has a hole
represented by the reference nuneral 63 at its center.

t hemglntel[‘irr%n?él (?as [ n IC a? gttcfﬁ %centeE Sf% Eitﬁ- J%éeﬂﬁl@%%%em 0o
t ehd gratevisl. so t hat, instead of being of annul ar
(doughnut) shape as illustrated by the dashed |ines

64 and 65) it spans the el enent including the hole 63,

t MEheh@hier dlxaent DO irdpgesedtid b;erﬂe pért 10.8 hef thapask hown if Bigws 31 is

f:hhc‘g aDol & @&Cglgge 1\%# laﬁelieg' E}?g’élb u%gt %%t l,al lg%hcated by the dashed
di 1{:@@6%&% Asint oF can@rsmozrﬂntme bbbl aedlapes Betﬁgrm the hole 67 at the
surroundln%E t he bubble 12. This invol ves the bubble

s H&pT Hibe fl§TE¥war ds a spherical shape as far as is
pernmitted by the dynamics that are involved. This, in
turn, results in the point of collapse 25 bein

t hEzert@gtebﬂemﬁnttlﬁéem@ﬁeete@@ the ParkED. 3ok o gk Shwn %b‘%tﬁtéfﬁ 36 is also

el & %Qv acm% sifiGF Rsdif WiRkre tﬁ@ L:l'elgteﬂiaitOeJ'@ 1§‘Htmeﬂi§ned such that
heate enment represent g@ut 10. 31 of the

methk he;lla s amallFmguwfect@‘jtlg IBaOSUI@@Pﬁf ¢fgh¢ o glemenf reayeafiget the extent

| €
SI m| C}g‘ft &}jbe‘%’% %R YJVlg J}H&Q &Cﬁlﬂpd? h%%tgﬁtgc%r J@flﬁ%g 13? Hlte r%%ton defined by
cokb gt @Xmﬂe the Inls b a5 1264 herpfowsmoming gcrpss. Fhsee high lovels

hol e 67 at, e. cen of the

ol eenredn e SE) Eho Sonhits BB ooy L Bipblgs ropresented
S h&vm 36rth£|a&Lr=.romea&aﬂ lspstdedipso tHA g rbiugt be dirdoeddoimrdyapaint of
sim]| ar sul e the elegent 10.36 is. dinens
S UEHEB Yo% SRS SRS TSR oA ReSet P et e
| NREFMAG 1ﬁ$1gi1fre 3d)end Rk lloo@M@WEHe dienyenatdnadhply be omltted thereby
extent A to which a bubble can be forne suciﬂ9 Qah ? fall.
poitateasing e p1za pEibe regiqnn pyuch the point Oéé‘rt“i wagioldhe bybhig is fo fa
hol e. For exanple, the hole may be as little as a few
ntcronsﬁacrosg V%ere hlgh Ievels oq accuracy in the

bubbl es represented 15 as'12 36 that are sonemhat
| opsi ded, so that they cannot be directed towards a
poiThe naxzle apediira f of eaoh uhit nellslre?ﬁelais shrangh theaezsle. plfrtﬁlsth%wzzle plate

08 il Bt Lt oRRE GG RIF Dy SRRUFSEELD. T

Si ngriops peefaradtetrbddintenisy thi yTVD 1s of silicon nitride, SlllCOIl dioxide or oxi-nitride.

The advantage of the nozzle plate 2 being formed by CVD is that it is formed in 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 irportant 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 successfully keeping components aligned to each other, keeping them planar,



i ncreasing the size of the region in which the point
of collapse of the bubble is to fall. 20 Chem ca
vapor deposited nozzle plate, and thin nozzle plates
The nozzle aperture 5 of each unit cell 1 extends
t hrough the nozzle plate 2, the nozzle plate thus
constituting a structure whic is forned by chem ca
vapor deposition (CVD). In various preferred
enbodi nents, the CVDis of silicon nitride, silicon
di @xd steor Hudig the biddgPeocessT H\RILAGVARL APk ﬂfetﬁ%zzle plate 2 to the
nozzl e plate 2 being fornmed by CVD is that 1t
foPﬁ@ PR pl ace Wi thout the requirenent for
assenbling the nozzle plate to other conponents such
as the walls 6 of the unit cell 1. This is an
i N8 issvn ofdbrraat sgensisedausignifinet &t ibthy prér am whivhAinis the size
pl I can
RS s i R L e R S
co thetresl qxgmmg beiSwelh fwmample; aaicke] @aotAepliio i fiblstrate to which the

e ansi bet n the nozzle
o) SORAER s (ML woks BRY R B 5o, B dmsmee,
th élonmﬁénﬂwmwamnaﬁmwﬁf Eﬂ thyt deeeRedisy, W@%&ﬁes, the relative
alhmr g 0 eacqg@ther kee g them pl anar, 26 and
O ABAE1E R PTG bﬁ%ee TgiPetiiE P&'ah éxbsjng bﬂqteé rﬁom the

10 b o) Eld‘Blehhempa'Zﬁfe&o Iﬂie&iﬁn@te&@eﬁahﬁe reQhigy fopl?cfntiﬁ? S together, can
i ssue of,, thermal ansion is_a significant factor

t hEAUSF f dimegsipn ittt qr sigpiticanthiereytsidhans wHole m@z}eémﬂi This

t habuldae seifBRf RGidned for S0éSddvicebecause the

difference in the coefficient of thermal expansion

bet ween, for exanple, a nickel nozzle plate and a

su . .

mgﬁim?ﬁlﬁgﬁlg‘ﬁwgi‘f?%?‘e Bfthe gega&éﬁfgﬂéégﬁlm& BROBAG 88k discussion, at
15 sulsatt imembedimeninthersok istthst, ingvier arhdeviers) Jiozzie glagss dat seedso be

th 0 rel.ati
t hgs%%iglﬁleg ?(ﬂg%g%é?%ﬂ I?Iﬂ'XIFtE% ggtgrtge %mtaﬁ'égr & epr %8?435 gonditions of
P a#elaélvelwﬂngh@ﬂms} Hbmtcanlrebuloin Hrbakagdd oaﬂinieamblet dufpeiatbas of the

pos 2 ol Ao R E A B o) hER e ety obfhe preset

si igmérftiopamdidythir eat er than a whol e nozzle length. This
20vvould be significantly detrinental for such devices.
Anot her probl em addressed by the features of the

| A éintliop ad@nﬁg@ﬁt&thypxmﬂefeaﬁre%waﬁl ientid, at 1bat dE@SodtRents
od| there is that, in_prior art devi ces,

no Gt 51 elE oM kith #4511 ScTRisGRAS 06 FLaBH BOIHRPEPTAPSSES.
(f;{aitﬁg a@BkAe H1RQ 25TV ddwOthe hBLIPNMBINRAHHALEE the printhead

i ons of

C on
scale of normal silicon wafer production, using processes normally used for semi-

at

25  conductor manufacture.

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
30 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.
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relatively high stress. This can result in breakages
or undesirable deformati ons of the devices. The
depositing of the nozzle plate 2 by CVD in enbodi nents
of the present invention avoids this. 20 A finther
advant age of the present features of the invention, at
| east in enbodinents theredf, is their conpatibility
wi th existing sem conductor nmanufacturing processes.
Depositing a nozzle plate 2 by CVD all ows the nozzle

PIrgY Sﬁa}ng%eb&xe itlﬁ&in*é%g)? nitRad REEAL: W RERGndal10bhen&pRdre pebsure in

nor ma [icon wa production, using processes _
ndremmiztly chretber 7 may beyrsey, 193nicons Withrefaense faidswre 49, which shows a

Exi St j ' i et . n a thick
COMEH LRSI bR Lo R s e s i
genedaplae, i il be appieciated that 50¢h aihinkagsh ernerssuly in prehlems relating to

nozzle plates.2 in.su devi i VA

"R St Bt SR RAGRR of A R0 BB AR ety
S yishcask B ak tHehinlc kB sfecrll (3fctEoiznenits én gisificanitngsed itbibe
requi.red. ' As wqul d be understood by those skilled in

t rediicigney of hg,d1¢%i cknesses of deposited nozzle pl ates

woul d give rise certain problens as discussed below.
27 For exanple, the thickness qof nitrjide sufficien
£ chapieR BRI ot YOOGS e et sl i o etk o Blaes o the

C tohfngd TRYRSy. THRYs ashOniHsGha e no)¥ié B id @R eReBow® perpendicular
Figure 49, 'which shows a unit cell 1 that Ii not i

ade Eredeafied ofitiesubstetqiastien forienyrarle PHRg 2 sApiafplagpa ciching. This
S ' ARA% i€rond & Aadidt! 88 Bé that

t h%é{bi%%ﬁmg&teﬂl ck nélggpig ZiE})qullérso Sf {}ffi#rﬁhg r9 Eg})iﬁ;sﬂlr el at ?%’ seme
t ghiskmbsogf refis 60 thareqimed Jovel of eeselution hecerges didficulife g asthe

of . Nezz!l . cli 1€ it
o2 86 B hores bl e o dfos RGN v smdll Bhthouen
i nwaild/bé fassibletto bxymsethis releving depdl Hf robietryusing st1ags, this wouldbe a
devj ce Anﬁt her sprobl em that would exist in the case

of CRHYSYY PSR Roz2z1 e plate 2, relates to the 10

actual etching process. This is assum ng that the

nozzle 3 is etched, as.sho e ndi gul Al

O B e R DRI G bl 1o

Stﬁﬁ?@{]tﬂicp llagar@f nﬁh'aawf@. cvib !dSposigﬁgllﬂxﬁa stiﬁ@incsallyd_hyttjer\eﬁm isghat,

nore than 10 m crons, of resist to i ed.

exsssee phlp Atk Ruibgms) Srraafas egusentieCY B e g Be substrate, as

lt ﬁ%ﬁl a0he BSOMULERDbrReGRBEL dbfdsiiédihfer] e @@kt €dtad baused to bow
t?) such a degree that further steps in the lithographic process would become impractical.
Thus, a layer for the nozzle plate 2 as thick as 10 microns (unlike in the present invention),

while possible, is disadvantageous.

With reference to Figure 50, in a Memjet thermal ink ejection device according to an
embodiment of the present invention, the CVD niiride 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 2 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.
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focal depth of the stepper that is used to expose the
resist is relatively small. Although it 15 woul d be
possi bl e to expose this relevant depth of resist 69
using x-rays, this would be a relatively costly
process. A further problemthat would exist with such
a thick nozzle plate 2 in a2ase where a 10 mcron
thick layer of nitride were CVD deposited on a silicon
substrate wafer, is that, 20 because of the difference

i 'TBE Refvely th% B@&?{% fﬁte b&h WeSRvEdion s enabiay 84 ﬂl@?fés$1ﬁ’@generated in
su wel T as 't

strate; as he 1 nherent stress of within

t HiechandeqrJss byt apprgsimatelnbatmesphereasdingt HYO atmposphgres g in prior art
bqw. to e that further steps in the
oo R OB

process woul d becone inpractical. Thus,
a layer for the nozzle plate 2 as thick as 10 m crons

like int resent jnv ' . i ' [ :
iBia e iy eR VRS oply YA 1 Moo i BOP Bl Sarelchnsiont
Meggueed fohgéciBiops DK insthisaysteam Tiease irelude:cor di ng to an
enbodi nent qf. the present invention, the CVD nitride
ndz ARl 51250 GM‘&%F 2 is only 2 nmicrons thick.

Ther gbeue fitiRafidridftogzl6ls agd éarbegh the nozzle 3 is not
particg[arlé@signtficant and is. therefore not a major
c dussiabdlfty ohdwp emgtion gt love A eloclisy et ch tine, and the

r 951 Sy fold MG S8a FRARI CRBSAIR bBiwebn AGZREES 3 in such a
nozzl € plate 2, and the stress on the substrate wafer

8,5. whtimumprozste sisede bulbleareg  The rel atively thin
nQzzj - ] :]éﬂ'lﬂg& hayenty on 1.8. enabl ed as the
p%éslgﬁrfghggﬁgégtng in (tb% c jarrbelre 7 is only

aPprlowi pressereyoss dae tedslp iestiondprguglothe I8¢ %at nospheres as

i, prior t %% [ ces, as nentioned above. 5 There are
n&hyse;lfgcgf)% @ 1&% “contribute to the significant

reduction in pressure transient required to eject

T

C hadhiagf of Tie 2-Miicron ik rioksle platedinyep 2 dpvebics b eevhmhstageo Pne such

\é?slgég Iftgqlo %ﬁ@'{]é\%gg\ﬁlgl\% % rlséy)v%(fkl:syglngtle& A8 itglr:l]rgg %land 50, to form a recess
outside of what will become the nozzle rim 4. The other such stage involves a further etch,
in the region designated 46 in Figures 26 and 50, which actually forms the nozzle aperture 3

and finishes the rim 4.

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 prior art. More particularly, the nozzle plates 2 are less than 10 microns thick.
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 lavers
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5. optinmum nozzle size to bubble area; 6. low fluidic

drag through thin (2 mcron) nozzle 3; 7. |ow pressure

| oss due to ink ejection through the inlet 9; 8.

sel f-cooling operation. 15 As nentioned above in

relation the process described in terns of Figures 6

to 31, the etching of the 22k cron thick nozzle plate

| ayer 2 involves two rel evant stages. One such stage

i nvol ves the etching of the region designated 45 in

Fi thfoﬁﬁn@tﬁ tﬂd‘%e@ﬁt fehtard Slefd o & glh £3i%y ofHehe d8n&is Wdlposed within

wi ] | e nozzle rim 4. e ot her such stage

i n%F o5 plisch gpit grlch, Theplqmentsld, whishate @@mddw&b%hthographm
46prbesthsids {148} |

Lol Vot fiob) BB e T Dctveayrs
pI ate t hi cknesses 25 As addressed above in relation to

AT, 30441 5200 Y L Wbl 101

pI 13(123151 ﬂlmcllaméelp?, esﬂeaftdlﬁfanwmzemlaavetotdacmother than in

the prior art. Mre particularly, the nozzle plates 2
are less than 10 microns thick. 1In one preferred
endslselpneiit he dphrecinted zlith rpfesthes 13 the abeae Besutiptionad ke likhdgaphic

| ess t han m cr,ons not her erred
e QR e tf’fﬁl?n?ﬂ&@q ﬁ‘g%m%h@l%bé’@s frastoRp ggp of tﬁﬁ@é?fess the
a htB@g,r@hﬁf s @elatintyl 16 kit SBe bbthe tlmeRB2 D1 beRigdi®ine fhotn those
ons tég E &Fleater elenents fornmed in different
18 dhic Hagy, %IQ% the present feature, there are
a pI urallty of heater elenents 10 disposed within the
7 of each unit cell 1. The elenents 10, which

efe 9\ £ i ars nrefsgb lsized relgsive de sash pther @s eafioted)
616
e 00 T k1 5 L TP

s HEQhvalpmes, g‘@{ issso3Bat thy camepusd inkdnepsHédnving differmah binary weighted

10,04 4o b Gected frdul [ e

si zes rel at .éj?/ ee to egg ergit% E}g?ﬁ Ogjhs %5%5&\% %H {fg *he achicvement of

aphe eoigivestghiing bf the felnmes of theinkiieor ﬂé\isadedammidpntyiﬂmrekaﬁve sizes

thegld r0Ge e heat ment 10..1

10 AR5 Y g BRI Bt ladnt 02

t lentadiGrith thé tnfprid phivdcesthelpsf topcheaater lgmemt 1@ACh one of the

el ements 10.1 being distinct fromthose
One known prior art device, patented by Canon, and illustrated schematically in Figure 52,
also has two heater elements 10.1 and 10.2 for each nozzle, and these are also sized on a
binary basis (i.e. to produce drops 16 with binary weighted volumes). These elements 10.1,
10.2 are formed in a single layer, adjacent to each other in the nozzle chamber 7. It will be
appreciated that the bubble 12.1 formed by the small element 10.1, only, is relatively small,
while that 12.2 formed by the large element 10.2, only, is relatively large. The bubble
generated by the combined effects of the two elements, when they are actuated
simultaneously, is designated 12.3. Three differently sized ink drops 16 will be caused to
be ejected by the three respective bubbles 12.1, 12.2 and 12.3.

It 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 useful comnbinations of drops. Indeed, the binary weighting may well not be represented



10

15

20

25

30

relating to the other elenent 10.2. The elenents 10.1,
10.2 are preferably sized relative to each other, as
reflected schematically in the diagramof Figure 51,
such that they can achieve binary weighted ink 15
drop volunes, that is, so that they can cause ink
drops 16 having different, Bwnary wei ghted volunes to
be ejected through the nozzle 3 of the particular unit
cell 1. The achievenment of the binary weighting of

t ?ee‘f& e Bka I)ihzﬁe él%elﬂf ) fh%mgé‘rre%r M é"ﬁﬁig @M eIeﬁﬁnts 10.1,

atl eSIZGS the el ements

Fi 190 o aBtisve amrpweighiod dtdpemmqsOﬂaﬁ e REistashagplesise Supupding the
I’]Q%P%thq@a %@1&4{1&‘ E]% dﬁz'(gg(%%tgfmkc% cfzéﬁ‘h&&lsh&a'éhe%é% R;‘?of liquid that is

art Vvl C
p airewing Badkyintcahochambed frod tist neled cmch@dmp 16 &hy lgromi off, and so
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chanber 7. It will be 25 appreciated that the bubble

12.1 formed by the small element 1

|
r e\Vaerieks siz g heate;,\ﬁpm@uw s 1052 12%1?‘64 v %e tlthﬁ gatiof élg;xr surface
el SR th glgg 0 Yoe ri1gtiveRAiARE bV §bited @bSE16 miiEbeidRRtcd by adjusting

generate e “conbi ned effects of the two elements
wHide suﬂpéyvc&ﬁasesa@ﬂmwe dlementsy, Thisisanelsy Ye achigverdhs adistingthe

12(11.{%&12 %?ebog)e;a{ﬁ{ ?Lﬁ%és%f fle%hiithd [?,-.kl ok, 995 - 16 Ml %ul&bewldths
causad e] ec by the t ree respectlve
12Hdwe\fe?, e lamsh idths carBOt ¢xcesd 4 ¢eripin ampyniedfitimesbecamgtonce a bubble
|ze of I 1

Pl O BT Fde0 110 2 AT RS o e v
eJ ﬂt}etrmntmfav&dlﬂb@sflﬂtﬂehmu ef@ct:ll f ferent sizes or the
ej ection of useful conbinations of drops. Indeed, the
bi nary wei ghting may well not be represented 30
Pr ef igltier bind, iR 16% @fr0hl thite ofthe memeh&nﬂs 10110 1@.2 allows them to be
thenselves. In siz t he elenen
achgatsgdo B?aﬁlé ﬁryry\)géchﬂfg tgp%a%| au bﬂl’l?.])ées]ygﬁr%fogned and at which
C h% {8k %}ebt‘é§ WhilE ﬂiéﬁﬂéﬁ%ﬁuﬁlfbﬁfecﬁ%ﬁﬁtsamm isdfmieedhby B onset of

he dro am cs characteristic he. quant i Q
| |blehbép QWILPE‘E‘PIB%’P&%W?@O B TR 5 sl i s
ﬁmﬂ@& 1§ b;ﬂﬁ%@ﬁlaﬁle%ﬁgntjd@vg a8d e lsedht 8drsity Matlan®eolerated by

nust” be consi dered. Accordingly, the actua
ratheéle@tfsr dlé¢reentultladB2ar eas of the el ements

As shown in Figure 51, the two heaters elements 10.1, 10.2 are connected to two respective
drive circuits 70, Although these circuits 70 may be identical to each other, a further
adjustment can be effected by way of these circuits, for 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.
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10.1, 10.2, or the performance of the two heaters,
needs to be adjusted in practice to achieve the
desired binary weighted drop volunmes. Were the size
of the heater elenments 10.1, 10.2 is fixed and where
the ratio of their surface 10 areas is therefore
fixed, the relative sizes of3ilej ected drops 16 maybe
adj usted by adjusting the supply voltages to the two
el ements. This can al so be achieved by adjusting the

dur at.i p . o
L8580 B ok R BREIAALAT, B, LIS sthpinen, 162 bichw
wiitithk sama et are produckdsinpeltanepuslyimtherseme step phiae lifwarphis
once bubble 1 as . > :
o PufieiBE broossh p RSNl GEnePrldiPidbioRifusbicth Figure 1,
' ithe thip IRhterreldnfeats 10i10$0.9) dsimdntiondd abpte, hre formed one ftes dhe other.
he other. h t he | t | fo. .

O 8 e gEn ] e et Gl PP 500 i SR et
rl g@fd}m tg@émguuo}gl iydeﬁ\f\)ﬁi&d;@ﬂ'@ﬂhd ad ettf&:d&i thehittoigraphiviprasss,

alr e orned. a at |1 C . ops a e ct . .
TR T et 1 e L e it ek Bl Hisy taggpateria
t 36; 180 5@kr Qlmald 10.9hDIDosited!s6 Mak Bid sadrifipiaCRdr)is bawadnahetvo heater

0.5 mcroseconds, the n1ninun1pu|se_mﬁa&$ is limted hi
orelepeny layers. Thedavenef] the segprdbelementil0d ingiehef iy asgropd fifhographic

?%&55%¥¥%Q%£ﬁﬁaﬁggfﬁgg&éﬁﬁﬁﬁ%ﬁ'by the heater el enents

own in Figure 51, the two heaters
el enents 10.1, 10.2 are connected to two respective

2 [, i I GUi : i i
s A PR S
efrhatioet dpveydhis bds théwebentegs tbai it enablepihe elemepisdo bysized so as to

sizing the drive transj ected to
e L G e

el enent, larger than that connected to the upper

el e 10.1,  1f, for exanphe. the relative ..current -
orlo e ApEEee habiect TOLRA s vuinf S be it £ Specialy i
t ey At bhar Weighthe tdh iphetog@phic qualitptanrbe obtaired while osing fewer

70 connected to the | ower el enent 10.2 would typically
beprinffd.dots, mad atgilew s Pt FRIUHRT-ve transistor (al so no

shown) of the circuit 70 connected to the other
element 10.1. 31 1In the prior art desgcribed i

r dfuthenpore.ginerd wmezicuRE R eRtigheptns ggan be afieyed. Thatis,
g s 5D LM BEME Bl e e
of one, two, or three drops might be ejected. Assuming that the available refill speed of the
nozzle 3 is not a limiting factor, ink ejection, and hence printing, up to three times faster,
may be achieved. In practice, however, the nozzle refill time will typically be a limiting
factor, In this case, the nozzle 3 will take slightly longer to refill when a triple volume of
drop 16 (relative to the minimum size drop) has been gjected than when only a minimum
volume drop has been ejected. However, in practice it will not take as much as three times

as long to refill. This is due to the inertial dynamics and the surface tension of the ink 11.

Referring to Figare 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 3 after a larger volume of drop 16 has
been gjected, and that on the right 1.2, after 2 drop of smaller volume has been ejected. In
the case of the larger drop 16, the curvature of the air bubble 71 that has formed inside the
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manuf acturing process. In the enbodi nent of the
present invention illustrated in Figure 51, the two
heaters el enents 10.1, 10.2, as nentioned above, are
fornmed one after the other. 5 Indeed, as described in
the process illustrated with reference to Figures 6 to
31, the material to formth8 elenment 10.2 is
deposited and is then etched in the |ithographic
process, Wwhereafter a sacrificial layer 39 is

n&&@ﬁlﬂ' S rfoQﬂe 9f id fﬂ?éer 818 WPRE cas@ Bflait Bi@ibld TPethat has formed after

ertal “for the other elenent 10.1 js de 03|%ed SO
t Izt saabler ¥okeme drop ihag been gispted Somdhemazalefreofithgothergnd cell 1.2.
el enent | ayers. The layer of the second el enent 10.1
is etched by a second |ithog hic 10 step, and the
s Sheihigher airvahey of the gir bsbbieﬁbmetge uiedelrle] segplisiie @ Siegisy syrface

the differen L
1 erfmn e{d rce f\lt%nr(]ig BJZ‘%% T e 1]3? qfcﬁﬁ ik {ﬁ’hﬁ%ﬁg&gﬁ t9 é%vg]-dﬁﬂéjnozzle 3
Ihneh&bﬂe&hmmﬁxGUeaﬁnmSMbébbéwQHWGGBSEhagn&@nﬁdbhﬁhmtﬂnﬁﬂhng

J ht.ed f
o R PpBE2- LR P SRB bt PR 0GPl
V Gl So thatlinliee ﬁg&aéﬂwﬁ celand. Bsﬂne cmraihthm, ihis chmmy 7a roé the unit cell

gb{‘ﬁ{%@a\ﬂﬁi}% Pqt g@; quntge glg’\ﬁgg? te IIE) fhﬂr%eda%g &e Xrg ﬁ%ﬂg%e (,;[‘hm results in

| QUefefilshédd sloRERY dwOdven ﬂQ)uEth Tat {HGY SHARE, ewhekie Eoridibndreached in
ci rcunstances, higher speed printing can be achieved

THbat vnif cell 1.As? Bomg obayidinto bp chamiyey 7 dathdisgisoputed fppmentum, has
U RRBn YRiHRg. f'[(ﬂé ot 181 8%t bBh3 i Qat] Bftioubh it Hlk@s 1onger to completely

equival ent of one, two, or three drops ﬁl%
e j Tl the ¢handess ki and nededa 3.1 Femea/time whenehe aif Pyb l%ﬂe’é gregent than from

qgggcjnﬁm%n '7§ 1s§ﬁ&seﬁt Lidh 1?#]1@ g’Olfllel%tt(PBG refilld Ringed ﬂnﬁéb larger it

an ence ree times faster, may
ao:.’rueenmdakelaa nmclaes fhoe tmm\lmxgelrto refHkthe chanyher (7elf andmozzl@r% L.

will typically be alimting 25 factor. In this case,

the nozzle 3 wll take sllghtly Ionger to reflll mhen

a Méaide|ctements doamned firondinatg il by elene AlE snumbers
si ze drop) has been ejected than when only a m ni mum

vol une drop has been ejected. However, in practice it

Wi This Rafurd dk@vashdbiber dkichisao b‘eﬂng&ﬁmedlsf dobitl gnatepial, at least 90% of

refill. This i.s due the inertia am cs, and t
C RIS Y RO P iRg b e gmors Goriy AERAS btk 4p Fomic mumber

53eldh80.em aspr%ﬁ%em%hﬁémﬁheca@&hﬁ wetbhpRibelodf 3(gehile Bdnother
unit cells T. nd .2, the cell onthe left 1.1

r eﬁ?@éﬁ‘?ﬂtﬁ& aﬁ%@cﬁ@k@*@ bglogt3er a | arger vol une of

drop 16 has been ejected, and that on the rlght 1 2,

after a drop of smaller volune has been ejected

t hEheoadyentege af adow atogée memisy isitBat oy PR TR h%‘ﬁé lower mass,

a| &d%&@fo?e 16sk e‘h&%& 15”@&11%@ o REse tﬁbstblﬁﬁerﬁtlﬂfe of the heater elements 10.

This is because, as will be understood by those skilled in the art, the temperature 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 Hghter 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



32 partially enptied nozzle 3.1 is larger than in the
case of air bubble 72 that has forned after the
smal | er vol une drop has been ejected fromthe nozzle
3.2 of the other unit cell 1.2. The higher curvature
of 'the air bubble 71 in the unit cell 1.1 results in a
~greater surface 5 tension for&e which tends to draw
the ink 11, fromthe refill passage 9 towards the
nozzle 3 and into the chanmber 7.1, as indicated

t he WedtyFanmy. Tafabuyiod bafopipdigva dorgic awpbarets e 2, |rPﬁPPFgV81Y=

Ejl newhﬂ@’tﬁle‘(ijzﬁ%zﬁlh%@ﬁﬁheﬁ%}éﬁéﬁéﬂte&mem& 16 Sﬁﬁ@ﬁfseﬂ n?ifeﬁlﬂﬁ is
esi gnate er e conditio simlar to
(R T sfomic pimbvet ok 27 ed BiSReRP Sl a’fOfTWe““mbef

chargre[ihebe arfialk theretoid Bein Slghificabtisllighfer fhan thogd df yhe relevant prior art
;fl led and.the surface tension force has therefore
o d 886 M4 esults in 10 the refill speed sl owi ng
down even though, at this stage, when this condition
isr [
|t AL bl Y ek o7 b i ool by,
be e rrespediiatly.ili&haitrogenaze wiatyel Hghtahdtesipls. Efowetrr.ghg densith of tantalum
al t %Eﬁ‘i@é\% hg.3 gﬁ:ﬁpswﬂ& %?Sf uﬁ&uﬁﬂﬂﬂﬁhg {v@ﬁéﬁ indidded htﬁrhﬁn in place of

cha zzle 3.1 froma tinme when the air

Hub pusalym) i é 23 g@g’en%“hqssrmauﬁertaﬁﬁlwm@ﬂﬂet haga densily; of pppsoxppately
I S Rh@SHRts th bMe tifanitoR QN ftaMuh Aithe vﬁﬂfréqhir@éi)pto%uﬁiﬁlﬁﬁree

times larger, it 15 does not .take as. nu
ti R e vt heds fn fontpiyg neﬂ%rw@bauﬂo{ﬁﬁt%%w gersgn philled in

Heat®4 arg iR ek icd Dlehidgl ih b a@en®l ktfvoaliferad Rfipbrtiutee & répresented by
elegﬁgéﬁ with | ow atom c-nunbers This feature

i nv OVRRSWEer el ements 10 being formed of'solid
material, at |east 90% of 20 which, by weight, is
constltuted by one or noge gl,enents having an
atom ¢ nunber bel ow 50. ﬁ|¢E§£ '?vrreg enbodi ment the
atom c weight is below 30, while in another

eangﬂe?@ﬁ T %&@e ttﬂﬁeﬁ M BEEfe eﬁceb | Q‘ﬁﬁe%?emﬁ-mx@at capacity, VOL is the

advant age o OM/aton1c nunb i's tha he at ons

o
t hat voleerndaa is Fhgvlansily efdheanaiensh s‘\lﬂmlz@ thedpnpifydy pof é?t%fmmed only

b®'S Shyafkediiific nSmb @SS it i§ flsd Dfuhiclion Bf thhBriice SREkAS, WeRleity is strongly
t he heater el enents 10. (%gws i S because, as w.l

be

undepdiepesd i herkrsae naphers oL e pigtepiplg myplyed, prddience s a key aspect of
t enp@s fbifcaneér ddbussisfit i cle is essentlally related to
the state of novenent of the nuclei of the atons.
Accordingly, it wll require nore energy to raise the
t enpervabdateemagnd t her eby i nduce such a nucl eus

venent, in a material with atons havi ng heavier

uclei that in a material having 30 atoms with .
| i ghtTlgs feature|imsiolvesvihe beaten blementsrl0daing yonfigargd push thap e mass of solid
heat pbie&h GPBR Realll cibR&E FRis hefbd hifdve MEDOMHIE pdiftQf e Bubble forming

tant al um
liquid (i.e. the ink 11 in this embodiment) to heat the ink so as to generate bubbles 12

therein to cause an ink drop 16 1o be ejected, is less than 10 nanograms.

30
In one preferred embodiment, the mass is less that 2 nanograms, in another embodiment the

mass is less than 500 picograms, and in yet another embodiment the mass is less than 250

picograms.
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alum num al l oy (for exanple used by Hew ett Packard),

and hafnium boride (for exanple 33 wused by Canon).
Tant al um and haf ni um have atom ¢ nunbers 73 and 72,
respectively, while the material used in the Menjet
heater elements 10 of the present invention is
titaniumnitride. Titanium $4s an atom c nunber of 22

and nitrogen has an atom c nunber of 7, these

materials therefore being significantly lighter than

those of the relevant prior art 5 device materials.

Boron and al um num which form part of hafni um boride

aftle a‘tam: Sature aonstivies msignifisen advanjage pyen nrigs ath akje gusfpms, as it
ar & L ing the
of Spliip 3 ifeated ¢ ncyRb frii S BRUENRED in i RS kaing

t isélanhateniais of thel hee(mhleuh:nisrlﬁl Eueieatmrﬁ irnabled Augio dkcause pf heater
10, t ant al u S.5..22

PR B i il e SR pd AR clements 10,

t had dwafto ttichehict elvinttits being indhe foritod ﬂmspmdﬁd bedngkewliph are not

et BE PR e TS, P Se o EUBb T oy 0

person skilled in the art, the dlfference i n energy
in a material at two dlffere t te ture

r @pﬁu&%qh@@rs (3¢ shapre I RIRY HEY mufg fhe H3ater structure of the
e@gﬁgﬁfé}{gﬁﬂe prittiQH Shd¥Wh T FRERS 83 tﬁ&cbﬂdﬁlglﬁ H@E@&E 34 eepresents the

ference is the speciflic, heat capac

t hbape@éth@rhsatevaﬁemﬁmlﬁ of thet qrehodimsat.dt is gy r%%%yfsq top discussing that
Ak Q&@&ﬁ@%ﬂ@ﬁ@ke& &efnémrag&ep%mwbm@eramuaempm 44 Figure 34

atomc nu ers as It 1s also a function of the |attice
C s jusire Sﬂgl@ h’@P d@ méichyis 2 migprowige pad DA$ mierarshicky Itpa 6 micron

at 02%/ ragg% oﬁ}l?ﬁ}eppa‘iiﬁ{s PleStolalNle¥ Bflss 13R8 pﬂ:%@t%ﬁs' The

eat ure under I Scussi on.
h eatrespondisg eleﬁEnt'I]l@LZSmmﬂa“tmpI%mtedIW@SfCIBh@ e r1 0 39 in Figure 39

el.ement s onf i
s g1 AagRG P?ﬂ’%%y 9#% ?bagéﬁenenjnkﬁg S égﬁkg 6in
a@‘ig@ewﬁamhwsmzmsmogﬁmﬁ he bubble formng |iquid

(i.e. the ink 11 in this enbodinent) to heat the ink
so as to generate bubbles 12 therein to cause an ink

dr§Renlific biRnRBis@DERN hredefitell @bEighlea s, BO and A6 formerample, are used in
practice, the total mass of material of each such element which is in thermal contact with
the ink 11 (being the bubble forming liquid in this embodiment) that is raised to a
temperature above that of the boiling point of the ink, will be slightly higher than these

masses as the elements will be coated with an elecirically insulating, chemically inert,
thermally conductive material. This coating increases, to some extent, the total mass of

material raised to the higher temperature.

Conformally coated heater ¢lement

This feature involves each element 10 being covered by a conformal protective coating, this
coating having been applied to all sides of the element simultaneously so that the coating 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



30 in one preferred enbodi ment, the mass is | ess that
2 nanograns, in another enbodinment the nass is |less

t han 500 picograrns, and in yet another enbodi nent the
mass is |less than 250 picograns. MITO11 PCT 34 The
above feature constitutes a significant advantage over
prior art inkjet systens, as3t results in an '

i ncreased efficiency as a result of the reduction in
energy lost in heating the solid materials of the

heaiigde, 81 LOMBE énﬂeﬁtméﬂ@ itSs SCALMHERI-IIS SRR |(l§ﬂC}j Y el $Bther

use of heater el ement materials having | ow

defEpediment ityg at }f%(’lth‘@ldfeel atively small size of the
elements 10, and due to the heater elenents being in

the form of suspended beans which are not enbedded in

ot Referringtte Figres 54 and 55, these argsleayn #Cbt:maiwemm‘bEptattms ofa pnor art

5 Fi gige e?emeﬁ AHES 15030 %lgf tod @Qs 1scu seg bu% f.@mg has been

a mask orntn the ruc
e nrpdsitadron aﬁﬁb&ﬂae %rmdmﬂmﬁdms:h@q@walrmﬁmgu hﬁs tBéh been conformally

oGRS ok siaB Sy LSV e BESERI! 1 cqriinfe Oatibg foferred to
r eaﬁheurvc Bdthb prebent tistaness 84 Rfedtiibicherh@RUBY indi QFE HE, tth'B@tmg being
hegter re ented by reference nuneral

t%“r“ﬁd E?Sﬁ@é"%&f’ﬂef b qesting 15 slement o gf} sies sigpiiamepusly.
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out er gdrus and a 4 m cron inner radjus. The

oV E R coeD & § g, Peisigh s olmrairagre - 1.6, i theform of a
C OfulsPnpeN Bty s BaL islddocss & 411 éﬁﬁé éidé's%? 'tlfese%{eﬁg by

reference nunmeral 10.39 in Figure 3 mass of
229.6 picograns and that 10 represented by reference

NURRt8lbe ﬁQde?s@oddrthat Rl E&er%ﬁcqu’%ra@e %%5&0%&115/2@%?&& the element 10 on

pl cograns. he el enents repre

Fi A sides, this, exggdqsrt@p ags of the ebmm{ﬂs@peluieé besr@dﬁhwh aréjbmed to the

D Sk o R D B 57y SOy g sty

( trenfrgmatecdatingihe cleoent Ygond alhﬁ:ﬂeﬂ id, msbﬂtiaﬂy,&hﬁt@l@ﬁ di@idn} is fully

b0| #P%%deggr’ﬁ}%%’ﬁf‘ﬁ% cf’%& %%18 é‘f‘) g @’l’r‘?}%{ghe?et han

these masses as the elenents w il be coated W th an

ctricall nsul at i hemc I |ne thermal |y

e, «raraRd ook b e Yorur elesicat T gmERpptorsood

e%&ﬁefer&ﬂ&e, dnoé ﬁattﬂ’&ﬁﬁg@%s 52mmdes. eNd cﬁh bk 8def SFhdnQhd QB formal

hi c%atmg ‘}6e is apeprh%é tﬁe substrate 78 on which the heater element 10 was deposited (i.e.
formed) effectively constitutes the coating for the element on the side opposite the
conformally applied coating. The depositing of the conformal coating 76 on the heater
element 10 which is, in turn, supported on the substrate 78, results in a seam 79 being
formed. This seam 79 may constitute a weak point, where oxides and other undesirable
products might form, or where delamination may occur. Indeed, in the case of the heater
element 10 of Figures 54 and 55, where etching is conducted to separate the heater element
and its coating 76 from the substrate 78 below, so as to render the element in the form of a
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.
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Conformal |y coated heater elenent This feature

i nvol ves each el enment 10 bei ng covered by a confornal
protective coating, this 30 coating having been
applied to all sides of the el enent sinultaneously so
that the coating is seanless. The coating 10,
preferably, is electrically 3on-conductive, is
chemically inert and has a high thermal conductivity.
In one preferred enbodi nent, the coating is of

alpHe histeRaBPmenttohéd éfb%ve (ﬂé ﬂﬁkﬁiﬂﬁﬁ:{m&m@ ofl fie@bihid-iike dafbol(DLC)) are
di anond-1i ke carbon in yet another

e OBINER 54 n Thesopiormekoing T otdee DTRETERYSPHgR gliustrated in Figure
Fi QUL RS0 Bidir ﬁ@ﬂraﬁ@ hléﬂlﬁérﬁlaﬁéc%dﬁaﬁz‘{ﬁbs SHOERBHA Vel of chemical inertness,

representations of a prior art 5 heater el enent 10

t heand ﬂllfisfaﬁdhat Eaenifarsy quloﬁnfc pei-eqnduglivgi Arqikar @gtagmenqgjpr these
@“?]Eb Q? hﬂ@ PO ¢ ﬁﬂe@% a%o§% b, gﬁ?@ %hcﬂa;dofvfﬁ‘dtéﬁl used for
yplc n been

mannéer, has the or mal
c atht eahting 7 dmpbdant wi tehation ©dhivwing rlmdesnaﬁe@rfgmammbhmctenstws

I n_cont.r coat i.ng.

orBESHS R il B 3Rk ShEK S phfle ol Prabdbcites may bo used
S6insttdd. s coating being designated 77, involves

confonnal Iy coating the el enent on all sides

si mul taneously. 10 However, this conformal coating 77

OnE.ﬂirJtpl&pﬁ%rmi@mw&ﬁ&tﬂﬁhhﬁbﬁﬂ if the el ement 10,
when being so coated, is a structure isolated from

ot her structures - i.e. in the formof a suspended

befB conpohdidd ddiltieg abvoTERESE $Q pRinkhead asis&iﬁol? iWARS, @fturn, is used

the element. It is to be understood that when
r eifgrnsinges systenpebhe nristhead pssprblyy ipelioneindss amMmOen of pepthead modules

108(pnrhegg>asgégts&é@@sgnbgdmeﬁ,vﬁxcl udes the ends of the

el enent spended bea which are joined to the
electrodes 15 as |nd|cated dlagrannatlcally in Figure

?@ﬁé f I
coa?l ng tﬁ ?anﬁ%‘t @i}i gg@%&&gs Et&!dglﬁlﬂiﬁpmmead
t hettip (ﬂmeslwmmﬂx dISfeﬂJlﬂhSlgtorssimle @hwﬁdeﬂstbly, ango oo (rfod Bhrpan),
| engt h
OB SRR 508 TSl B8 S B0 ol B on e i
elenent 10 maybe understood w th reference, once

i S S LR T S PR

}mb}@ﬂbddeﬂ %e]?@ﬁkis ch@élja,f@i\in;dibt@d itma&ultd ﬁﬁ@ﬁbty@d V\(hlc}ﬁncludes a MEMS
o1 B Shipaenb il GRBTS S RN s ARBR e D] Pipyassembly

cogt bkl as HAEHERAOSEAE aRD7680 nbhiees CHRLR mbace@ai asitg b 6apa‘ﬁle of
the heater 25 elenent 10 which s, in turn, supp

onPiHEesit regaluiopgf 16Q0dnty per .m?haT%eé‘élm Slois gls gﬂﬁgure?i to eject 6
different colors or types of ink 11.

A flexible printed circuit board (PCB) 82 is electrically connected to the chip 81, for
supplying both power and data to the chip. The chip 81 is bonded onto a stainless-steel
upper layer sheet 83, 50 as to overlie an array of holes 84 etched in this sheet. The chip 81
itself is a multi-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.



formed. This seam 79 may constitute a weak point,
wher e oxi des and ot her undesirable products m ght
form or where delam nation nay occur. Indeed, in the
case of the heater elenent 10 of Figures 54 and 55,
where etching is conducted to separate the heater
element and its coating 76 ¥romthe substrate 78

bel ow, so as to render the elenent in the formof a 30
suspended beam ingress of liquid or hydroxyl ions may
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achi eving_ the desiyed r.f or mance char. riStj CSa:
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ASH | i, thdhit Hahinel 03, 44$RBcatddbydhd idshiddmeSyst em

The pri ncta ead assenbly, itself, includes a nunber of
print head nodul es 80. These aspects are descri bed
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15 ( ndtershaimhgm amkir bowted (pet shownkintaroths chagpe\Ad thiengh the relevant hole
regi st and S1B&! i the sheet
S 35 o o0k 1R o DS R e, e e
r eRpuindelt top chaneeldyiep96, 26spWitivilyr eles thac blowo ifito daer side gt the chip

and 59, re is sho i,n_an ' -

oS e R o BRI Rl AR Forncove

astae ﬁn%zlés,gﬁ kiedpl tﬁ&lnd)ﬁz?h Ulﬂaesoftq)apflﬂlﬁst. mﬁf'medibrﬁﬁloméﬂ ipks 11 (not

asse al so .r r 0 oW, Aas_.a,.C . a :

20 { oea en iz 2oty ot heatret et PR A EAelrap fhd hen

ar @ro(ER Cospirave Bsles M) iheh 2RI répatied citandssd @ theusikrmsidel of the upper

of printing wwth a resqlution,_of 1600 gp S per | Chlt 95. &

THevhest B Teugh remperprmiols Faa! Bt dpscindghen tidugh Belots 95, to
the chip 81. It will be noted that there are just seven of the holes 98 in the lower layer 90

(one for each color of ink and one for the compressed air) via which the ink and airis

25  passed to the chip 81, the ink being directed to the 7680 nozzles on the chip.

Figure 60, in which a side view of the printhead module assembly 80 of Figures 58 and 59
is schematically shown, is now referred to. The center layer 102 of the chip assembly is the
layer where the 7680 nozzles and their associated drive circuitry is disposed. The top layer
30  of the chip assembly, which constitutes the nozzle guard 101, enables the filtered
compressed air to be directed so as to keep the nozzle guard holes 104 (which are

represented schematically by dashed lines) clear of paper dust.



25 different colors or types of ink 11. A flexible
printed circuit board (PCB) 82 is electrically
connected to the chip 81, for supplying both power
and data to the chip. The chip 81 is bonded onto a
stainl ess-steel upper |ayer sheet 83, so as to :
overlie an array of holes 848etched in this sheet. The
chip 81 30 itself is a nulti-layer stack of silicon
whi ch has ink channels (not shown) in the bottom
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align with channels 89 in a Iomer Iayer 90. Each
channel 89 carries a differ nt res ctlve co

i ﬁﬁbe flex g@gtSZfig, ponngeied todhe shiff ragistar ﬁgi:ué @f? sh\?ﬂvpglocated
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s Gpidedktee the dam11é18 apd Proshiprasseatblyyhlety Hiptihe WEE 06 are extbedded in

refore f cture from
o 1 oS ont ot Hdf 107 oo tERBHE RO EAT T il
IGﬂﬁhﬂhﬂyembﬁﬁqﬁmsmhﬁﬁ%smgﬁmnpuﬂhwgpﬂ¢W@M$he channel s
89 and channel 91. Conpressed 15 filtered air from an
air source (not shown) enters the channel 91 through

t fl@eféxﬁhgtlﬂ'igurb 62 ether@8s shand stHematigdlysiesintekplodaghvie@ printhead

hol es an 3 and sl ots in the m
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angksdribell B&ﬂ/eb fmw@nhméaa dbembi (eis Oohfinfurddifor wivge-width pnnter
asserrbl Se{nav\,her eit is forced out, at 100, -

t BEHVRE PEBA- whi ch covers the nozzles,
to keep the nozzl es cl ear of paper dust. D'fferently

colored inks 11 (not 20 shown) pass, thr t he hal.es .
981'hﬁprmﬂ@a<|1 gipembly Y dnclutys eleyanpfihspringhes g}o ulg@ass%c’lales 80, which

then éluEJi‘&?cH g'@uﬁsﬁ%&%&ﬁn\éﬁl 1*0% e féxzm of '6éht fleud Elate A series of groups

respective channe in the underside of t Eéﬁ
| ayfeevesthebes eadh, designateg iy ﬂwgp@@m@nﬁféﬂéél B aregroyifigd to supply the 6

55 haei%Iefen%ijorg Qielﬂktaﬁtﬁ &lé%gmlmtégse& LPtSthd ghlptaQsembhes 81. An exfruded
flexible ink hose 112 is glued into place in the channel 110. It will be noted that the hose
112 includes holes 113 therein. These holes 113 are not present when the hose 112 is first

connected to the channel 110, but are formed thereafter by way of melting, by forcing a hot
wire structure (not shdwn) through the holes 111, which holes then serve as guides 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 lower layer 90 of each
printhead module assembly 80.
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the chip 81. It wll be noted that there are just
seven of the holes 98 in the |ower |ayer 90 (one for
each color of ink and one for the conpressed air) via
which the ink and air is 25 passed to the chip 81, the
ink being directed to the 7680 nozzles on the chip.
Figure 60, in which a .side ®iew of the printhead
nodul e assenbly 80 of Figures 58 and 59 is
schematically shown, is nowreferred to. The center

| ayer 102 of the chip assenbly is the Iayer where the
7680 nozzles and their associated drive circuitry. i
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TheReddtblweagl assenbly 19 is configured for a
page-wi dth printer, 20 suitable for A4 or US letter

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

)

upperside, as shown, of the lower parts of the flex PCBs 82 of the printhead module
assemblies 80. The PCBs 82 extend from the chip assemblies 81, around the channel 110,
the support plate 119, the extrusion 124 and busbars 126, to a position below the strips 127
so that the contacts 128 are positioned below, and in contact with, the strips 127.

Each 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



The printhead assenbly 19 includes el even of the

pri nt head nodul es assenblies 80, which are glued onto

a substrate channel 110 in the formof a bent netal

plate. A series of groups of seven hol es each,

desi gnated by the reference nunerals 111, are provided

to supply the 6 25 different 4ol ors of ink and the
conpressed air to the chip assenblies 81. An extruded
flexible ink hose 112 is glued into place in the
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80. 39 The hose 112 defines parallel channels 115
whi ch extend the | ength of the hose. At one end 116,
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exert pressure onto an assenb 20 whi ch i ncl udes
1I5flex printed circuits. The plate 119 has tabs 121

WG Bt : otches 122 in the d rdl )
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printhead according to the present invention is an
or of nit | ower 15 than, that of known ther nal
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may fire) on a continuous basis during operation,
t %gye ] busbars 125, and below with the lower part of a flex PCB 82 extending from
25 athe chip assembly 81. The twist tabs 134 which extend through the slots 135 in the metal
plate 133 can also be seen, including their twisted configuration, represented by the dashed
line 139.

=]

Printer systen
30

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

according to an embodiment of the invention.



consunption will be an order of magnitude higher than
that in such known printheads, and 20 the current
requirenents will, accordingly, be high, even though

t he power consunption per nozzle will be an order of
magni t ude | ower than that in the known printheads. The
busbars 125 are suitable fott providing for such power
requi renents, and have power |eads 126 soldered to
them 25 Conpressible conductive strips 127 are
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| JREHREYH* he outer surface of the PCB 82 abut with
contact spots 130 (only sone of which are shown
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10 %ﬂ}ﬁé}d@ﬁc&art of the flex itself. Data is fed to the
s 131 via the edge connectors 132. A netal plate

133 is provided so that it, together with the channe
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t oge tw ste rou approxi mately
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the prlnthead chip assenblies 81 via the edge
connectors 132, The print C ssenbl i.e
20 | oRa R éhee$YéR?@rP°aFPﬁﬁfﬁgA&° ol PESR %‘?ﬁfbfrgflpégefgéﬁ is moving
Whjrgshihe PEhieR 1 escRERDrBEng ddn be effected at the correct time. This time can be

related to a specific time that has elapsed after the media pick up mechanism 148 has

pa

picked up the sheet of paper 146. Preferably, however, a paper sensor (not shown) is
provided, which is connected fo the system controller 151so that when the sheet of paper

25 146 reaches a certain position relative to the printhead 141, the system controller can effect
printing. Printing is effected by triggering a print data formatter 155 which provides the
print data 144 to the printhead 141. It will therefore be appreciated that the system
controller 151 must also interact with the print data formatter 153.

30  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



Mounting hol es 137 are provided for nounting the
printhead assenbly 19 in place in a printer (not

shown). The effective |length of the printhead assenbly

19, represented by the distance 138, is just over the

wi dth of an A4 page (that is, about 8.5 inches). 20
Referring to Figure 69, therd is shown, schematically,

a cross-section through the assenbled printhead 19.
Fromthis, the position of a silicon stack formng a

ChY BieBRR el BormBHer § 99 asfd B8l BRird9ROrm AR ESthe@ystem controller
| ongl t'udi nal section thriough the ink and air supply

hdsé. 112. Also clear to see is the abutment of the
conpressible strip 127 whi ch nakes contact above with

t he busbars 125, and below with the |ower part of a o
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priirbgptopeitel em 140 according to an enbodi ment of
the invention. 41 Shown in the block diagramis 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 nedia in the form for
exanpl e, of paper 146. 5 Media transport rollers 147
are provided to transport the paper 146 past the
printhead 141. A nedia pick up nmechanism 148 i's
configured to withdraw a sheet of paper 146 froma
nmedia tray 149. The power supply 142 is for providing
DC voltage which is a standard type of supply in 10
printer devices. The ink supply 143 is fromink
cartridges (not shown) and, typically various types of
information will be provided, at 150, about the ink
supply, such as the anount of ink remaining. This
information is provided via a systemcontroller 151
which is connected to 15 a user interface 152. The
interface 152 typically consists of a nunber of

butt ons (not



shown), such as a "print" button, "page advance"
button, an so on. The systemcontroller 151 also
controls a notor 153 that is provided for driving the
medi a pi ck up nechanism 148 and a notor 154 for
driving the nedia transport rollers 147. 20 It is
necessary for the systemcontroller 151 to identify
when a sheet of paper 146 is4gny|ng past the
printhead 141, so that printi'ng can be effected at the
correct tinme. This time can be related to a specific

ti g, t ter the nmedia pick up
mechani E:téi}?@hgdas g. C%Id up the sheet of paper 146.
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t he above enbodi nents refer to the heater el ements
being electrically actuated, non-electrically
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ﬁlefl ning a planar ejection aperture; | east one

?ﬁ@@iﬁ"%qqélép@?’z @l ement, which includes solid
mat eri al ,

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 said mass is less than 2 nanograms.
5. The printhead of claim 1 wherein said mass is less than 500 picograms.

6. The printhead of claim 1 wherein said mass is less than 250 picograms.



corresponding to each nozzle, the heater el enent
havi ng a generally planar configuration and
positioned parallel to, and spaced fromthe plane of
the ejection aperture, wherein each heater elenent is
in thermal contact wwth a bubble formng |iquid, and
each heater elenment has a mass of |ess than 10
nanograns of the solid naterual and is heated to a
t enper ature above the b0|I|n§ poi nt of the bubble
formng liquid, thereby to heat at Ieastbpart ofdthe
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ui.d thraggp th nozﬁﬁe corresponding to

hr%‘f aesatf’i’re iR, fherak contact nt head of claim |l

bei ng configured to support the bubbl e forming liquid
in thermal contact with each said heater el enent, and
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4wm§he prlnthead of cIa|n11 mhereln said mass is |ess
n 2 nano . Themprl nt head of claim 1 wherein
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I th
B e E i her et G R LR BLGATERP Ci'ai m 1 whorei n

each heater elenent is in the formof a suspended
[ pended over at |east a portion of the
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ater elenment, to heat that heater
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bubble forming liquid equal to the volume of said drop, from a temperature equal to

said ambient temperature to said boiling point.

10.  The printhead of claim 1 comprising a substrate having a substrate surface,
wherein each nozzle has a nozzle aperture opening through the substrate surface and
wherein the areal density of the nozzles relative to the substrate surface exceeds

10,000 nozzles per square cm of substrate surface.

11. The printhead of claim ! 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 of that heater element.

12. 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 the bubble formed

thereby is spaced from that heater element.



formng liquid thereby to cause the ejection of said
drop. 9. The printhead of claiml1l configured to
receive a supply of the bubble formng liquid at an
anbi ent tenperature, wherein each heater elenent is
configured such that the energy required to be
applied thereto to heat said part to cause the
ejection of a said drop is |ess, than the energy
required to heat a vol une of 43aid bubbl e form ng
liquid equal to the volunme of said drop, froma
tenperature equal to said anbient tenperature to said
boiling point. 10. The printhead of claiml| conprising

al 3s ubsThegtrintivad iofiglagn I WosiprRirg StrukaeSihat WISHRIdbyedehical
nozzl&ﬁhas a nozzl e aperture opening through the
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the nozzles relative to the substrate surface exceeds
10, 000 nozzl es per square cm of substrate surface. 11.
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formed at both of said sides of that heater el enent.
12. The printhead of claim1 wherein the bubble which
dach Héameinthehdptolpim g conpmiingurdaratity dforomrle shambers, each
ip:0l nd _has a i nt of col.lapse,,.and erei )
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fromthat heater elenent. 45 0 13. The printhead of

doumadhon diprsnt sspprytine yetfet ure that is fornmed by
chem cal vapor deposition (CVD), said nozzles being
i ncorporated on the structure. 14. The printhead of

dbai mThe @einthebd biiglakin $ twheedin eachibath cleten B TotnhaoflBlid
m crons thick, said nozzles being incorporated in the
ateril grose thn 90% @l whichs eatames prapertinn.iis constituted hy ableast
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having been applied substantially to all sides of the heater element simultaneously

such that the coating is seamless.

18. A printer system incorporating a printhead, the printhead comprising:
a plurality of nozzles, each nozzle defining a planar ejection aperture; and
at least one respective heater element, which includes solid material,
corresponding to each nozzle, the heater element having a generally planar
configuration and positioned parallel to, and spaced from the plane of the gjection
aperture, wherein
each heater element is in thermal contact with a bubble

forming liquid, and.



material nore than 90% of which, by atom c proportion,

is constituted by at | east one periodic el enent

havi ng an atom ¢ nunber bel ow 50. 17. The printhead of
claim 1l wherein each heater elenent is substantially
covered by a conformal protective coating, the coating
of each heater elenent having been applied
substantially to all sides of46the heat er el ement

simul taneously such that the“coating is seaml ess. 18.

A printer systemincorporating a printhead, the
printhead conprigiR%eat I f a

nozzl e defining a p g%gﬁalél}{é@t}{la%%ngasse ?S t%a%lligna%c{grams of
| east one rtbspalist muterinkatdes hedtedmont tempbiatlte kB6VAtHE Soiling
solid mater. al co nding,to each nozzle, the

heater el erREHY HARA ‘51‘53%35% fquid, Shesphyi to heat at leaSt part of the
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formng i d46 ach, heat er, el enpnt has a. nass
of |ess thgﬁidqalbﬁ lqélfd hf%g%? ¥z ?Wsﬁ?ndé‘?ﬂfo that
i s heated tma@rélem@ﬁf,ature above the boiling point of

the bubble formng liquid, thereby to heat at | east
part of the bubble formng liquid to a tenperature
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i}ﬂrre ondi ng to that heater elenent. 19. The system

JarFia Pﬂﬁz%onflgured to support the bubble
formng liquid in thermal contact with each said
heater elenment, and to support the bubble form ng
i quid adj acent each nozzle. 20. The system of claim
18 being configured to print on a page and to be a
page- width printhead. 21. The system of claim 18

BOET eMhe St BRSRih S 8 1RHT dodBBud AP H B page and to be a page-
width printhead.

21.  The system of claim 18 wherein said mass is less than 2 nanograms.

22.  The system of claim 18 wherein said mass is less than 500 picograms.
23.  The system of claim 18 wherein said mass is less than 250 picograms.
24. The system of claim 18 wherein each heater element is in the form of a
suspended beam, that is suspended over at least a portion of the bubble forming

liquid so as to be in thermal contact therewith.

25. The system of claim 18 wherein each heater element is configured such that an

actuation energy of less than 500 nanojoules (nJ) is required to be applied to that



22. The systemof claim 18 wherein said mass is |ess
than 500 picogranms. 23. The system of claim 18
wherein said mass is | ess than 250 picograms. 24. The
system of claim 18 wherein each heater elenment is in
the formof a suspended beam that is suspended over
at least a portion of the bubble formng Iliquid so as
to be in thermal contact thergmgth. 25. The syst em of
clai m 18 wherein each heater %l enent is confi gured
such that an actuation energy of |ess than 500
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formng liquid thereby to cause the ejection of said
drop. 26. The systemof claim 18, wherein the
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surface, wherein each nozzl e has a nozzle aperture
OEeni%géthrough the substrate surface and wherein the
dreal 1desEsten arclaime Sr?@mﬂémgraeﬁluh@ﬁraie haing heubstrotstsushes,
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P8 hoggles per savare Fprqhsbsitate wefaRe.of sai d sides of
that heater elenent. 29. The system of claim 18
wherein the bubbl e which each heater element is
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30. The systemof claim 18 conprising a structure that

is formed by chem cal vapor
29.  The system of claim 18 wherein the bubble which each heater element is

configured to form is collapsible and has a point of collapse, and wherein cach
heater element is configured such that the point of collapse of a bubble formed

thereby is spaced from that heater element.

30. The system of claim 18 comprising a structure that is formed by chemical vapor

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

31. The system of claim 18 comprising a structure which is less than 10 microns

thick, said nozzles being incorporated in the structure.



deposition (CVD), said nozzles being incorporated in
the structure. 31. The system of claim 18 conprising a
structure which is less than 10 mcrons thick, said
nozzl es being incorporated in the structure. 48 32.
The system of claim 18 conprising a plurality of
nozzl e chanbers, each corresponding to a respective
nozzle, and a plurality of s%%doheater el enents bei ng
di sposed within each chanber,”t he heater el enents
wi t hi n each chanber being forned on different
respecty.V, -3 . f claim18 wherein
Zeh no g R et oL B Bt Rdlefelihoran

each heat el enen e _ _
tdoznas80%ingf to whespectiveyneatzieried pplopdity bP&id héater elements being

cpnstituted b t |eas one periodic el ement having
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\@Bﬁﬁ&i@hgﬁf&bn@g@b@dﬁ@hmt is substantially covered
by a confornmal protecti've coating, the coating of each

heater el ement having been applied substantially to

| sides of t heater, el ement ., si mul t anequsly such
a1 Syétsgwr}f?&lﬁ@ Wb Bech Beatereloraer defophed of solid

engeridligord O %0 bf ARich] BF hdR€ploh8Miod, & rc@ﬂ%tﬁuted by at least
printhead, the printhead conprising a plurality %P

98¢ Priaedia glement havdrg amplemieapubeibelovhsdt er el enent

whi ch includes solid nmaterial, corresponding to each
nozzl e, each nozzle defining a planar ejection

dger t Uite sgstemtdfeldi@diBeshetianam hetidenéht $eRBE@hlialy covered
ration and positioned parallel to, and
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weatogriameamiessor r espondi ng to one of said plurality of

nozzles to a tenperature above the boiling point of a

bubble formng liquid which is in thermal contact with
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defining a planar ejection aperture and the heater element having a generally planar
configuration and positioned parallel to, and spaced from the plane of the gjection
aperture, the method comprising the steps of:

heating at least one heater element, having a mass of less than 10 nanograms,
corresponding to one of said plurality of nozzles to a temperature above the boiling
point of a bubble forming liquid which is in thermal contact with the at least one
heated heater element 50 as to heat at least part of the bubble forming liquid to a
temperature above said boiling point;

generating a gas bubble in the bubble forming liquid by said step of heating';
and

causing the drop of bubble forming liquid to be ejected through the nozzle

corresponding to the at least one heated heater element by said step of generating a
gas bubble.



causing the drop of bubble formng liquid to be

ej ected through the nozzle <corresponding to the at

| east one heated heater elenent by said step of
generating a gas bubble. 49 0 36. The nethod of claim
35 conprising, before said step of heating, the step
of :  disposing the bubble formng liquid in thernal
contact with the heater elenents. 37. The nethod of
claim 35 wherein the step of "heating a mass conpri ses
heating a heating elenment having a nmass of |ess than

n s . t h
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é$0 |cograns of the solid material. 39. The nethod of
35 wherein the step of heating a mass conprises

heating a heating elenent having a mass of |ess than

250 picograns of the solid material. 40. The nethod of
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the step of el ving a supply
l'iquid, at an ambient tenperature, to the prlnthead
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thermal contact with, at [east a portion of the bubble forming liquid.

41. The method of claim 35 wherein the step of heating said mass of less than 10

nanograms is effected by applying an actuation energy of less than 500nJ to each

such heater element,

42. The method of claim 35, comprising, prior to the step of heating, the step of
receiving a supply of the bubble forming liquid, at an ambient temperature, to the
printhead, wherein the step of heating is effected by applying heat energy to each
such heater element, wherein said applied heat energy is less than the energy
required to heat a volume of said bubble forming liquid equal to the volume of said

drop, from a temperature equal to said ambient temperature to said boiling point.



43. The nethod of claim 35 conprising the step of
provi ding the printhead, wherein the printhead

i ncludes a substrate on which said nozzles are

di sposed, the substrate having a substrate surface,
and the areal density of the nozzles relative to the
substrate surface exceedi ng 10,000 nozzl es per square
cm of substrate surface. 44.. The nethod of claim 35
wherein each heater element Ris two opposi te sides
and wherein, in the step of generating said gas
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the printhead, wherein t ri nthead has a structure
Wetheaf spidl sidesofiepelt heptedriestepplsment.ck and whi ch

i ncorporates said nozzles therein. 48. The method of
claim35 wherein the printhead has a plurality of
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formed on different respective |layers to one anot her.
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50. The nethod of claim 35 conprising the step of
providing the printhead, including applying to each
healThs netiRdBiTiclaisABsdoniiristld the b@p BF brovi RS tHeNRIBR%ad, wherein

the printhead has a structure which is Iess that 10 microns thick and which

incorporates said nozzles therein.

48. The method of claim 35 wherein the printhead has a plurality of nozzle
chambers, each chamber corresponding to a respective nozzle, the method further
comprising the step of providing the printhead including forming a plurality of said
heater elements in each chamber, such that the heater elements in each chamber are

formed on different respective layers to one another.

49. The method of claim 35 comprising the step of providing the printhead,

wherein each heater element is formed of solid material more than 90% of which, by



simul taneously, a conformal protective coating such
that the coating is seanl ess.

51°

atomic proportion, is constituted by at least one periodic element having an atomic

number below 50,

50. The method of claim 35 comprising the step of providing the printhead,
including applying to each heater element, substantially to all sides thereof

simultaneously, a conformal protective coating such that the coating is seamless.



