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2 6 OCT 2006 WD 2004/ 002743 PCT/ AU2002/ 001162 "I NK JET NOZZLE A@PE\WE
CONFI GURATI ON'  FIELD OF THE | NVENTION This invention relates to an inkje
pri nt headwaheqoed/ob214parti cul ar, this invention rel ates top@yagiabb@ygati on
of an ink jet nozzle arrangenment for an ink jet printhead chip. BACKGROUND
OF THE | NVENTI ON Many different types of printing have been invented, a

| ar ge nunber of which are presently in wuse. The known forns of printers
have a variety of nethods for marking the print media with a relevant

mar ki ng medi a. Commonly used fornms of printing include offset printing,

| aser printgy i i ix type_inpact printers,

t her mal papzadrﬁgﬁl %T@ﬁﬁﬁﬁmbﬁﬁﬁﬁff &&QﬁﬁmmN »
sublimation printers and ink jet printers both of the drop on denmand and
continuous flow type. Each type of printer has its own advantages and
probl ens WHEDDOR IHEINVBNTPON speed, quality, reliability, sinplicity of

construct% and  operation etc., In recent years, the field of ink jet
printing, *WISAEMEoR Jekates ieliap; iakist ppnthesd elipi ik particwles; ithie dnventiomrelates ¢v anor e
i Nk n0zzl gshffasibe 6PAPink M ne23E Ay L §TBL g toits

i nexpensi ve and1 versatifle nat%r e. ﬁfg%l{%%kﬁﬁ?%%%dgﬁ%%es of ink jet
printing have been invented. For a survey of the field, reference is nade
to an artj OJ(II'EQ - -~ Printing: Introduction and Hi stori cal
Per spectii\?gkfk%t put %‘fﬁ%@?@ s, Editors R Dubeck and S Sherr, pages
207 - 220Mafit 888yent kyyes deprimiinigriaee Sedniav@RddY @3argOHBmber FTHWcHrE hRESRT in

types. The u;lj I ikﬁati ?n of .a.continuous, streamof ink in ink jet printing
appears t ¥eddis kpaw fqrgs f printgrshaves varigheoianeheds fremarkingnbe printgueiiowithy

Hansel | diekthS@arkingS hitBlae ComMonly GRAL i Chir&i Shakis hak et
printing.  US Pat entgs;%59§275 b SVYVEQt alogfgggji?spzﬁgsg?mgﬁ%r %%%ggh%flﬁg; Ladd
cont i nuoudFNtig 3ndt copyingt devises, rdott ueptriy tepecing@T pOMErs, R4 PhpaORTMas, film

PCT/ AU2002t 84 68 ermal wax printers, dye sublimation printers and ink jet printers both of the drop

on demand and continuous flow type. Each type of printer has its own advantages and

problems when considering cost, speed, quality, reliability, simplicity of construction and

operation etc.

In recent years, the field of ink jet printing, wherein each individual pixel of ink is derived
from one or more ink nozzles has become increasingly popular primarily due to its inexpensive

and versatile nature.

Many different techniques of ink jet printing have been invented. For a survey of the field,
reference is made to an article by J Moore, “Non-Impact Printing: Introduction and Historical

Perspective”, Output Hard Copy Devices, Editors R Dubeck and S Shetr, pages 207 - 220
(1988).

Ink Jet printers themselves come in many different types. The utilization of a continuous
stream of ink in ink jet printing appears to date back to at least 1929 wherein US Patent No.

1941001 by Hansell discloses a simple form of continuous stream electro-static ink jet printing.

US Patent 3596275 by Sweet also discloses a process of a continuous ink jet printing including




2 the step wherein a high frequency electrostatic field nodul atez btzg@]- Uﬂﬁ
jet streamto cause drop separation. This technique is still uti b?
several nmwmbmener7es s i ncluding Elnjet and Scitex (see glgRuido/fatent No.
3373437 by Sweet et .al) Piezoelectric ink jet printers are also one form of
commonly utilized ink jet printing device. Piezoelectric systens are

di scl osed by Kyser et. al. in US Patent XNo. 3946398 (1970) which wutilizes
a di aphragm node of operation, by Zolten in US Patent 3683212 (1970) which
di scl oses a squeeze node of operation of a piezoelectric crystal, Stenme in

US Pat ent 4712 1972) discl oses de, of piezoel ectric
operati on, %W«‘?]ﬁ%elpﬁq’l‘é %%ﬁ“g?ﬁy ei‘i?tm“ﬁ @%8 g}lgo hegak jet prepoelcaesedre push
nmode act uaépammOﬁJ‘ Thiz@edhilqub @f stifitutifiaen BRverBRRRS kR indiRliAPBigaGnithi ch

di scl oses _a, shear node tty pe _of piezoelectric transducer el enent. Recently,
thermal i ﬁR‘tﬁ"e(tseepﬁl?%Itjﬁﬁ ehiNo- 138 bysweRt $t@lel y popul ar formof ink jet
printing. The ink jet printing techniques include those disclosed by Endo
et al in G 2007162 (1979) and Vaught et al in US Patent 4490728. Both the
af or enent Pisaedleqtas mkdetpsintak ac hlse ek fork of eommpnlynmilmql ink g prigiresdentviech rely

ronti on SEAtBHONsRinle BiTEEH B ASATR, L3 UEBentNoC s 3ot b Pl "

t her eby catikzs atdiwphragireraddecst oq)érandsﬂg by rza;l’thraﬁl @P Bhibbt FISPIPNESIH I Hih t he
confi ned ﬁgalce onto a rel ev pri n%ﬁrredl a. _Manufacturers such as Canon

and Hew efBCPXEIRZAFARMIAES ‘aﬂﬂéﬂ“BFP PigPelRetricaystels Semzerip UStRatent No.
el ectro- t BRATRO (B7R)Y@kAbses %eﬁ&aﬂo&t@oﬁﬁ&eeﬁ&ﬂ%ﬁé}ﬁu&f Fi%%in@% USBRen NG er ent

types of printing technol ogies are avail able printing
t echnol og§* KBl diEclssse Riczatiserar peth raedsi actistion of the u&uet@yemﬁm&swmmnte

| nexpensi g 438450 WAL 831000 . 3RAF & ype B L ARERSL O Lga;g%g% 3af e and

continuous |long-term operat no ogy “Tts own
advant ages and di sadvant ages in the areas of cost, speed, quality,

reliabili of constr CtIO ration, durability
and consi&é%egﬁ%’gﬁeqn?%ﬁt @%ﬁ“ ?\'Iﬂi’é 5’ ﬁ)f‘gtqgérfkdeﬁ Hingingc| osed
a pri nt hedihk okij@ pamdngteﬂlﬁhliub@ miude&mse Uﬁ@lbbé&gaytmﬁm&& hinh Epshr s P1978e

nts. of_ the printhead each include a

|
e el et PHBhet 1 VS BeeiA4BhTion Bolaiig shasnentmpinp s rsendintiosed ikt act s

on ink w ﬁﬂﬁitﬂlg@echmques which rely upon the activation of an electrothermal actuator which results

in the creation of a bubble in a constricted space, such as a nozzle, which thereby causes the
ejection of ink from an aperture connected to the confined space onto a relevant print media.
Manufacturers such as Canon and Hewlett Packard manufacture printing devices utilizing the

electro-thermal actuator.

As can be seen from the foregoing, many different types of printing technologies are available,
Ideally, a printing technology should have a number of desirable attributes. These include
inexpensive construction and operation, high-speed operation, safe and continuous long-term
operation etc. Each technology may have its own advantages and disadvantages in the areas of
cost, speed, quality, reliability, power usage, simplicity of construction, operation, durability and

consumables.

In Application number USSN 09/112,767 there is disclosed a printhead chip and a method of
fabricating the printhead chip. The nozzle arrangements of the printhead chip each include a

micro-¢lectromechanical actuator that displaces a movable member that acts on ink within a



2 6 OCT 2006 WO 2004/002743 PCT/ AU2002/ 001162 3 nozzle chanber Zcﬁeﬁ[ﬁc?ﬂﬂﬁ
ink froman ink ejection port in fluid communication with the nozzI%

chanber. WO 200d/002543 owi ng patents and patent applicati onscT/AbsoApahexant

has devel oped a | arge nunber of differently configured nozzle

arrangenents: 6,227,652 6,213,588 6, 213,589 6, 231, 163 6, 247,795 09/113, 099
6, 244, 691 6,257,704 09/112, 778 6,220, 694 6, 257, 705 6, 247, 794 6, 234, 610

6, 247, 793 6, 264, 306 6, 241, 342 6, 247,792 6, 264, 307 6, 254, 220 6, 234, 611

09/ 112, 808 6, 283,582 6, 239, 821 09/113,083 6,247,796 09/113,122 09/112, 793

6, 227, 654 B oS5 E6 b 3507 gy B od i M RenghyoR St o e
6, 283, 581 cbagkkT., 790 6, 260, 953 6, 267, 469 09/ 425, 419 09/ 425, 418 09/ 425, 194

09/ 425,193 09/ 422,892 09/422,806 09/ 425,420 09/ 422,893 09/ 693, 703
09/ 693, 706 09/ 693, 313 09/ 693, 279 09/ 693, 727 09/ 693, 708 09/ 575, 141 The

above pat dntis/foliéveng papik iaﬁtﬁbété}ﬂ%}nﬂic@tiétﬁpﬁé ROpAt A h&vaeﬂraﬁﬁédemge nhfBeGH2 2! €
arrangement s of the_above patents/patent applications are manufactured

using i nt®& @8@%@@5%&@% techni ques. Those skilled in the art
wi |l “appreci at 6,29’71,6525UC$1213|¢,§>§8*1”' @RS fzgqul ?,‘%31,?8?56%51?737 of a

fabrication plant. This i1 ncludes the Step o evel opi Mg Vater sets. It is
extrenely cost PYHBOHD tHh244.69% f @#,256W04t haDIAL L2 77pl 6,2269as spend many

thousands of = gBg HoWrs EEYLIEPI NG Symihal gg@ﬁg%pﬁ?@g@&qgeme

configurations Th’the abdve’patents™a pat
simul ati ons ar 6.241,342 nec®248792 Si As488Th NGZ234,22@r r aglg®f@Nt is nicroscopic

generally not PIMGHES 6Lt ol BB o, BfIE0e EBFR O 10 TN

09/113,122  09/112,793  09/112,794  09/113,128  09/113,127
6,227,653 6,234,609 6,238,040 6,188,415 6,227,654

6,209,989 6,247,791 09/112,764 6,217,153 09/112,767
6,243,113 6,283,581 6,247,790 6,260,953 6,267,469

09/425,419  09/425,418  09/425,194  09/425,193  (9/422,892
09/422,806  09/425,420 09/422,893  09/693,703  09/693,706
09/693,313  09/693,279  09/693,727  09/693,708 09/575,141

The above patents/patent applications are incorporated by reference.

The nozzle arrangements of the above patents/patent applications are manufactured using
integrated circuit fabrication techniques. Those skilled in the art will appreciate that such
techniques require the setting up of a fabrication plant. This includes the step of developing wafer
sets. It is extremely costly to do this. It follows that the Applicant has spend many thousands of
man-hours developing simulations for each of the configurations in the above patents and patent

applications.

The simulations are also necessary since each nozzle arrangement is microscopic in size. Physical
testing for millions of cycles of operation is thus generally not feasible for such a wide variety of

configurations,



configurations. 2 6 OCT 2006 WO 2004/002743 PCT/ AU2002/ 001162 4a2 ﬁs%-r ZUUF
result of these sinulations, the Applicant has established that u ro
common f eAYQr¥g/002743 nost of the configurations provide tpher/Resdopsanéor mnce
of the nozzle arrangenents. Thus, the Applicant has conceived this
invention to identify those conmmon features. SUMVARY OF THE | NVENTI ON
According to the invention there is provfded an ink jet printhead chip that
conprises a wafer substrate, drive circuitry positioned on the wafer
substrate, and a plurality of nozzle arrangenents positioned on the wafer

substrate, . t .comprising n | e chanber walls and a
roof wal | %%gf F@ﬁ%@&%ﬁlr@ﬂé?b&%ﬁﬁ%ﬂgﬂggﬁ 4t 3“‘?%513?@%%@ R %ﬁ’btgfrff”@‘n@ﬂ $ and
an ink ej ée miostrof pigr donfigurativms pasvidenhd best perforntiize oF SRR ahapEGalts. Ahd #OT
that is cztnn ctg? to the drive circujtry, the actuator including a novable
menber  t hAPPPEATHNASSPUGELSH s Xertiop &2 1dentHy theseamaen feptdres. ¢ he dri ve
circuitry, the novabl e nenber defining a displacenent surface that acts on
ink in the nozzle chanber to eject the ink fromthe ink ejection port,
wher ei n t SUMMARY OF RHEJNMEN nt surface is between two and ten times

the area Q460 td BK ifNSGb - v:ahl r of each actuator nmay
define at |east gp%%?{é 1@\!@ %I}aﬁlﬁge?gpgwé%g% g}r?{ ]\A&r}%éh %ﬁgﬁprt BFORES so t hat
novenent of the wafergobsiratenber serves to reduce a volune of the nozzle

chanber to ejegt the i tion port. In particular, the

k fr. he.i nk_ej
movabl e menber “Of° %‘ggﬁpgé{tﬁén?%?newlﬁgva{?g%ﬁ%ga?h@ roof wall. Each actuator

may be ther mal aphirdlingofigiazie attidernichts PoYitibiedl oadRe #afdf Altshste CabifitAlet hat is
connected to the drive circuitry. The actuator nmay be configured so that,

upon heat FATETRY COBPIHREor deflects with respect to the wafer substrate as
a result of differegzzRIch&RINRIInd h RISF wall positioned on the wafer substrate to define

a nozzle chamber and an ink ejection port in the roof wall,

a micro-electromechanical actuator that is connected to the drive circuitry, the
actuator including a movable member that is displaceable on receipt of a signal from
the drive circuitry, the movable member defining a displacement surface that acts on
ink in the nozzle chamber to eject the ink from the ink ejection port, wherein

the area of the displacement surface is between two and ten times the area of the

ink ejection port.

The movable member of each actuator may define at least part of the nozzle chamber walls and
roof wall so that movement of the movable member serves to reduce a volume of the nozzle

chamber to eject the ink from the ink ejection port. In particular, the movable member of each

actuator may define the roof wall.

Each actuator may be thermal in the sense that it may include a heating circuit that is
connected to the drive circuitry. The actuator may be configured so that, upon heating, the
actuator deflects with respect to the wafer substrate as a result of differential expansion, the

deflection causing the necessary movement of the movable member to eject ink from the ink

ejection port.

!
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defl ection causing the necessary novenent of the novabl e nenber 24 (ﬂCé'cizggﬁ
ink fromthe ink ejection port. 2 6 OCT 2006 WD 2004/002743

PCT/ AU2002YQRW3822783 The i nventi on extends to an ink jetpErioidaeasiiéhat
includes a plurality of inkjet printhead chips as described above. BRI EF
DESCRI PTI ON OF THE DRAW NGS Notwi t hst andi ng any other forms that may fall
within the scope of the present i nventi on, preferred fornms of the
invention will now be described, by way of exanmple only, with reference to
the acconmpanying drawings in which: Fig. 1 to Fig. 3 are schenmatic

sectional 74 i | DOinkE ' rinciples.of.a nozzle. .

arr angemerr]I':H egl:“%g{rﬁ&% ﬁﬁ&{dg%d pri nﬁgﬁﬁﬁ%%{ﬁpﬁ@?&ﬁ% airil’?wglﬁ iogfﬂkjépﬂl?éﬁaf%‘ﬂf Fig
4b i1 | ust readescribesd ahowe.at i onal principles of a thermal actuator of the
nozzle arrangenent. Fig. 5 is a side perspective view of a single nozzle
arrangenment of the preferred enbodinment. Fig. 6 is a plan view of a
portion ofBRIEFDBESORERTION OFOFHEDRAWINGS on. Fig. 7 is a legend of the
naterialsl\iﬂndi cated in Fijgs, 8 to 16. Fig. 8 to Fi(%. 17 illustrates

sect i onal NAMEHStagHing gy ofher femms thatimay fali wihinithe sspre of Shanresent invention, poférced of
the ink | @bmRrdmhd 8aRentol Wil 4d ﬁm I I Qnal . ~schenat,i c
vi ew of a nozzl e_arrangerrgent][l:q‘“glr)‘3 gﬁs(‘):? ef ?’%I;agrjh({aff&a%?l nt éad%c'f‘enfef)eng? 9

i nvent i on acqmpanyinmdrewingginskloh:a t hr ee di nensional, schematic illustration
of an operation of the nozzle arrangenent of Fig. 18. Fig. 22 shows a

t hree di nensi onal view of part of the printhead chip of Fig. 18. 4 2 6 OCT
2006 WO P004/t00RF S3arPhebROB21iOM] Vs illustrating the operational principles of a nozzle

arrangement of an ink jet printhead chip of the invention.

Fig. 4a and Fig 4b illustrate the operational principles of a thermal actuator of the nozzle

arrangement.

Fig. 5 is a side perspective view of a single nozzle arrangement of the preferred embodiment.
Fig. 6 is a plan view of a portion of a printhead chip of the invention.

Fig. 7is a legend of the materials indicated in Figs. 8 to 16.

Fig. 8 to Fig. 17 illustrates sectional views of the manufacturing steps in one form of

construction of the ink jet printhead chip.

Fig. 18 shows a three dimensional, schematic view of a nozzle arrangement for another ink jet

printhead chip of the invention.

Figs. 19 to 21 show a three dimensional, schematic illustration of an operation of the nozzle

arrangement of Fig. 18.

Fig. 22 shows a three dimensional view of part of the printhead chip of Fig. 18.

H
i



6 Fig. 23 shows a detailed portion of the printhead chip of Fig. Izlﬁ @;?ﬂﬂﬁ
24 shows a three dinensional view sectioned view of the ink jet pri tﬂ

chip of Fiv02008/0022h a nozzle guard. Figs. 25a to 25r SPOWAU2002/001162

t hr ee- di nensi onal views of steps in the manufacture of a nozzle

arrangenment of the ink jet printhead chip of Fig. 18. Figures 26a to 26r
show si de sectioned views of steps in thé manufacture of a nozzle
arrangenent of the ink jet printhead chip of Fig. 18. Figs. 27a to 27k show
masks used in various steps in the nmanufacturing process. Figs. 28a to 28c
show t hr egedi I j . Of i.on .t he nozzl e arrangenent
manuf act u?}é% %@%g?ﬁgﬁ}@gt é&n%ftﬁgeo]%&ge%&f%g&g@' éﬁd 26. Figs. 29a to 29c
show sectional side views of an operation of the nozzle arrangenent

manuf act un rdj to the nmethod of Fjgs. 25 and 26. Fig. 30 shows a
schemati c P?g c%% ggg% %J%.Bg%ei @@%%ﬁ%‘ﬁ‘@&“iﬂ"@ﬁd %Fwé’fmi’zlﬂlftﬁ BriRth f Fig. 1§

pri nt head wath pnekletgnerd, nvention. Fig. 31 shows a plan view of the nozzle
arrangenent of Figure 30. DESCRIPTI ON OF PREFERRED AND OTHER EMBODI MENTS
The preferred enbodi nents of the present invention disclose an ink jet

pri nt head | P54 I8 : t .anr ents.. |n_gne

enbodi rrentF',pé%each nozgﬁgtg{esgrl{gg{%oﬁtﬁl ‘?%1‘8 %géggéﬁfﬁgrgﬁ@m%eu?ffad’@éz &ct uat or
devi ce whRERRgemERtefdbe ik jot pihthostichip ofBigsksct i onal profile and an air

breat hi ng edge such that actuation of the paddle actuator results in a drop
being ejected froma nozzle utilizing a very |low energy level. 2 6 OCT
2006 WO .;Zm‘wscmsla l?oﬂBSrBﬁH'w ﬁg&@&%ﬂ&%&% of stepw hﬂ&@ﬂla%nﬁ‘faétiu@ dﬂéllfogzlgic g. ﬁ to
Fig. 3, there w w be descri t he operational principles o t he
preferred e 'ger&%e%#t%ge ﬁ“ﬁjeﬁ—“?ﬂ’?&iﬁdb"ﬁ‘l%?fg:’g-slsi | lustrated schenatically a
sectional view of a single nozzle arrangenent | which includes an ink

nozzl e chlgnbei' 2 containing an ink supply
1gs. 27a to 27k show masks used in various steps in the manufacturing process.

Figs. 28a to 28¢ show three-dimensional views of an operation of the nozzle arrangement

manufactured according to the method of Figs. 25 and 26.

Figs. 29a to 29¢ show sectional side views of an operation of the nozzle arrangement

manufactured according to the method of Figs. 25 and 26.

Fig. 30 shows a schematic, conceptual side sectioned view of a nozzle arrangement of a

printhead chip of the invention.
Fig. 31 shows a plan view of the nozzle arrangement of Figure 30.

DESCRIPTION OF PREFERRED AND OTHER EMBODIMENTS

The preferred embodiments of the present invention disclose an ink jet printhead chip made up
of a series of nozzle arrangements. In one embodiment, each nozzle arrangement includes a
thermal surface actuator device which includes an L-shaped cross sectional profile and an air

breathing edge such that actuation of the paddle actuator results in a drop being ejected from a

nozzle utilizing a very low energy level.




which is resupplied by means of an ink supply channel 3. A nozzleprg mc4 ngg
provided to define an ink ejection port. A neniscus 5 forns across the In

ej ection POPRI4APIM3 a slight bul ge when in the qui escentcrhgtmzofibend
actuator device 7 is fornmed on the top surface of the nozzle chanber and

i ncludes a side arm 8 which runs generally parallel to the surface 9 of the
nozzl e chanber wall so as to forman "afr breat hi ng slot" 10 which assists
in the | ow energy actuation of the bend actuator 7. Ideally, the front
surface of the bend actuator 7 is hydrophobic such that a neniscus 12

forms bet vgennd s t . ce .9 leaving.an air pocket
in .slot 10. I\ﬁenl?wsé%etsjﬁgg' :tz’otﬁ%ge»%p %géﬁé%%esg?%edttﬁﬁo gl Pﬁ“‘?ﬁlﬂf’s Phe
bend act u#ftcopreferied embodiment! SoFigs 1§ there mpllodtyatddesetlerarivallyps skdtlonslt viakad 4 n

Fig. 2. T ' wowar d ement, of the actyator 7 _results in _a general

i ncrease Pﬁg%ﬁ}g}lszgﬁr et eﬁteir?”\rﬁ‘kc ‘flﬁ‘%ﬁ APHES A ‘i[%’aelﬁ%%%?nt%f}mﬂ“ﬁpénkrwﬂlﬂ s

in an ouwhiahvis ofsupplieddyonsats i iRRZEN Ay Eliafhdl 3276 nzAERE 43k p%&h_?_ﬂd&fnet he
e

meni scus 5. .The neni sg}gs 12 undergoes a | ow amount of novenent.
act uat or RVCACOHOP POt MeniicRb fosts acgsy e drkheisetion perty with ssliphtibylgeavhen

position apthel Juisbémistie. | B béﬁhglcmgtor-ﬁ_@ﬁcé gLy rfﬂgﬁg dnfhe 3G H%%e\[%fr:] Io% ﬂ{eﬁ@z%%zH e

original position results in a reduction in t ressur

chamber 2°kiten andcingludes 2 pide arye S eviaeh tvas kerferally pafallehto thebafich@ ofdizhdzzle
chanber 2 I WAL he ink.qutside the nozzle chanber_ in
A o chabitr WRILY8 L0 TRIRA ) Bloalilfs 4} 185 e 55556 7 e Tom ensray, actuption
breaki ng of thedfend hetuatpo. Ideallguhé drmt sirfis iof thefidnd Gicialoh §1s Gy @vpldbid iRk | Nk
into the a via_ ink l.y chanpel /3. Ink is drawn into the
nozzl e ch@%@rn%%ﬁ{iﬁ{]?ﬁ{) ebeﬁ‘ﬁ?%&ﬁegﬁ‘te‘dﬁﬁ%‘%’r gﬁnq)%els}“g“@cef lpayingyan air packetdned.
The act uatlerl(devi ce 7 can be a thermal actuator that is heated by neans of

passing a current through a conductive core. Preferably, the thernal
actuator is provided with a conductive core encased in a nmaterial such as

pol yt et r alWheR 8 HBYHANS efcli®d ddF SiaAnb! F4 lhed &34 Qhadhgn el ansi on.
As illustrated in Fig. e_, a coﬁgﬁlgtthlp\ll}ggé%?@ ‘g?iﬂ: y bgen%rag?%t% Pi’ac&ate?é% asto
ser pent i i@pPidby bsrdrdpwierrcidlusited intfiig. 22 The eapidatiodward viovgmantvbighe aqedtbi £i ent
(F)>fCT; QerZ g?f?‘g%%g?egé}al 5058 in %%ss%reeo% inzkoxgi in \t/h\g n%gzolé/cl(l)a?n 7e??2. This results in

an outflow of ink around the nozzle rim 4 and a general bulging of the meniscus 5. The

meniscus 12 undergoes a low amount of movement.

The actuator device 7 is then turned off to return slowly to its original position as illustrated in
Fig. 3. The return of the actuator 7 to its original position results in a reduction in the pressure
within the nozzle chamber 2 which results in a general back flow of ink into the nozzle
chamber 2. The forward momentum of the ink outside the nozzle chamber in addition to the
back flow of ink 15 results in a general necking and breaking off of the drop 14. Surface
tension effects then draw further ink into the nozzle chamber via ink supply channel 3. Ink is

drawn into the nozzle chamber 3 until the quiescent position of Fig. 1 is again achieved.

The actuator device 7 can be a thermal actuator that is heated by means of passing a current
through a conductive core. Preferably, the thermal actuator is provided with a conductive core
encased in a material such as polytetrafluoroethylene that has a high coefficient of thermal
expansion. As illustrated in Fig. 4, a conductive core 23 is preferably of a serpentine form and

encased within a material 24 having a high coefficient of thermal expansion. Hence, as




illustrated in Fig. 4b, on heating of the conductive core 23, the gmgrer 066
24 expands to a greater extent and is therefore caused to bend down in
accor dancavVRem/opdgdi renents. In Fig. 5, there is illustret/gd2m280196
perspective view, partly in section, of a single nozzle arrangenment when
in the state as described with reference to Fig. 2. The nozzle arrangenent
| can be forned in practice on a semni cofduct or wafer 20 utilizing standard
MEMS t echni ques. The silicon wafer 20 preferably is processed so as to
include a CMOS | ayer 21 which can include the relevant electrical

circuitry; ' oh, T ul 0 of; a..seri f nozzl arrgngenents 1
Chr ULy RS sirho, (e AOR) Bl BSELSR, B ROEEH 54 SpE AT E LS
21 is foexent adgds hssfirayase®@® tend dawn acicdeidatice Avithieghirdnentd i ven by maansd
of passing a current through a serpentine copper coil 23 which is encase
in the upper portions of a polytetrafluoroethylene (PTFE) |ayer 24. Upon
passi ng alc Wig. efytthérbrio ihidtradee LaHd ﬁ@épecftib_@ vi&W, | parth? hL§ec|fiS?,t &a @&gie%&ﬂfe q
PTFE | ayer 24. PTFE*lha,s a very high coefficient” off thermal expansSion —an
hence expaRtRETIR: HISR inthgastatgias fl%snhﬁgn‘slﬁh tebereateitn F;g. Qﬁﬂ"pdea _lll_o:;zlzean'aggen;imlisr .
abl e to eysnamdh, t i ; . _ . .
PTFE IayezrS 24 ioﬁg?ﬁa%g;mgbléybx s%&%%n$§%%g? 6 hﬁ%%gﬁ gﬁ%‘b@‘ﬁs’l\@ﬁd %é ¥ a
scoopi ng notion as previousl yI fjesgr: bed. Ag a refgl ;[ 01;jl Egﬁszcagm ingl
notion, t | [ ul ges, and resu t

ej ection of. gﬁ glr)%g&gﬁr%logﬁ'%&%g Xso‘irff%“élh%\onﬁseﬁ H‘cl"éielaa MOS layereth which w9
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channel 3_which is ed through the. er rou n of
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t he back fumtdaeglads Ifag& YRHRT 2R RSB Gt WHlichYs Eﬁ@é}ﬁb fmdaG Hﬁﬁ%ﬂlg% S}t}\geenft a
act uat or t;r The gap between the side ann 8 and chanber wa ! or
subst ant | WrousReat RrPeptiae f eapper \RilcB3 r whisht & iencased ow thev eppef patiengyofbei ng

i red ' | QB M reciated that the i ortion 8
1 B A e S
:arc]'t(u;?o(raj cxr ghffhsnﬁs zzl e, ri qurf a..[di configu‘?gj sgo t hat et he (;rosseseagtli onal
area of t%lga]%nﬁ e’&}%@% Bl o fpe po 2?’ FPRSucted 183 SEPEBINgS nafTe ivehlp tewandt
surface. shbbtantipdynsiibetic efpandioBOEEEPTEE layRf 26 OFneSPPRR 1h8r 2" NG QIR her

t he 2 6 OCT 2006 ) . ) )
on a vaf eprort%n E tﬂat, upon expansion, bends in a scooping motion as previously described. As a

result of the scooping motion, the meniscus 5 generally bulges and results in a consequential
gjection of a drop of ink. The nozzle chamber 4 is later replenished by means of surface
tension effects in drawing ink through an ink supply channel 3 which is etched through the
wafer through the utilization of a highly an isotropic silicon trench etcher. Hence, ink can be
supplied to the back surface of the wafer and ejected by means of actuation of the actuator 7.
The gap between the side arm 8 and chamber wall 9 allows for a substantial breathing effect

which results in a low level of energy being required for drop ejection.

It will be appreciated that the lip portion 8 and the actuator 7 together define a displacement
surface that acts on the ink to eject the ink from the ink gjection port. The lip portion 8, the
actuator 7 and the nozzle rim 4 are configured so that the cross sectional area of the ink

gjection port is similar to an area of the displacement surface.

A large number of arrangements 1 of Fig. 5 can be formed together on a wafer with the




WO 2004/ 002743 PCT/ AU2002/ 001162 9 arrangenents being col | ectzeg 00T 02006
printheads that can be of various sizes in accordance with requirenents.

In Fig. 6WoReH®01783i || ustrated one formof an array 30 péi/&D2d0306e81 gned
so as to provide three color printing with each color providing two spaced
apart rows of nozzle arrangenents 34. The three groupings can conprise
groupi ngs 31, 32 and 33 wth each groupi ﬂg supplied with a separate ink
color so as to provide for full color printing capability. Additionally, a
series of bond pads e.g. 36 are pr ovi ded for TAB bonding control signals

to the pri l. th nge O of Fig.. 6 illustrates
only a pora?ﬁmg%&gf] #bein %Cp(%ﬂr?gt%g "%{tﬂ ésbtg 0 mabe PlYATIOHS sizesyig: aseonisneg wih

r equi rerrerrecsxireﬁiamtsform of detailed rranuf acturl ng process, which can be used
to fabricate nonolithic ink jet printheads operating in accordance with
the principles taught by the present enbodiment can proceed utilizing the

fol | ow ng IsFaP$, thtre iYSHNREaRd Sk M 6t He8rpA0 Shel ;e 3(19-90 asctg'@w%e drive

transi stors data distribution, and timng <circuits
one poly, 2 loF@pRting itk 99elp celos providisg hew apaced eparti res of nd)ﬂzkz aweingemaits 34, hr s

oy nan Wted fholib s tn coloe Bolbifes 1132 2nd 4 Wi Bl BopPas shpicd ik a o
nozzl e. Fisgparde ink epldresp asdo pﬁmdesfenﬁﬂl ¢cﬂ)d&5prhftmg\¢apabﬂit§ D‘R{Hﬁfohaiys alsen@sr@se
manuf actu%&g %I&a rarg%naaendrt e%)of er Cross- ref er er;ced i nK

confi guratrond 28 ]EhB ki ding crmgel ségnals| toc e Emﬂtb@doﬁ@l

| evel net abvmaslp,ghe/aﬁkngkmeffmsomg 6 1llﬁ§1fate@ Raly NSorO St Fpririivdali ﬁlaflﬁﬂ ﬁe*lﬁ‘ aedge

of the Chic%S | evant features the wafer "at’ this step are

Fig. 8. 3. ha%s teERinRd PHEEUIFPERH to a depth of 20 microns using the oxr de
as a mask. This step is shown in Fig. 9. 4. Deposit 23 mcrons of
sacrificial material 50 and pl anarize down to oxide using CMP. This step

i s shown [Re g ofidetailed gnagafactaos process, which can be used to fabricate monolithic ink jet

printheads operating in accordance with the principles taught by the present embodiment can

proceed utilizing the following steps:

1. Using a double sided polished wafer 20, complete drive transistors, data distribution, and timing
circuits using a 0.5 micron, one poly, 2 metal CMOS process 21. Relevant features of the wafer at
this step are shown in Fig. 8. For clarity, these diagrams may not be to scale, and may not
represent a cross section though any single plane of the nozzle. Fig. 7 is akey to representations of
various materials in these manufacturing diagrams, and those of other cross-referenced ink jet

configurations.

2. Etch the CMOS oxide layers down to silicon or second level metal using Mask 1. This mask

defines the nozzle cavity and the edge of the chips. Relevant features of ihe wafer at this step are
shown in Fig. 8.

3. Plasma etch the silicon to a depth of 20 microns using the oxide as a mask. This step is shown

in Fig. 9.

4. Deposit 23 microns of sacrificial material 50 and planarize down to oxide using CMP. This step

is shown in Fig. 10.




WD 2004/ 002743 PCT/ AU2002/ 001162 10 5. Etch the sacrificial matZgi GCTt 08
depth of 15 m crons using Mask 2. This mask defines the vertical paddle 8
at the endVORIMWB2T4Et uator. This step is shown in Fig. licT/Aav2ddepesst a
thin layer (not shown) of a hydrophilic polynmer, and treat the surface of
this polynmer for PTFE adherence. 7. Depgsit 1.5 mcrons of

pol ytetrafl uoroet hyl ene (PTFE) 51. 8. Et®h the PTFE and CMOS oxi de | ayers
to second | evel metal using Mask 3. This nask defines the contact vias 52
for the heater electrodes. This step is shown in Fig. 12. 9. Deposit and
pattern 0.5 mcrons of gold 53 using a lift-off process using Mask 4. This
mask defines the heater pattern. This step is shown in Fig. 13. 10.

Deposi t 1.% Eighcthe secrificiaPrREeriglio 4 deptieof hS iierons osing Mabld EEThiS iniygk Weiles The

Thi s mask i 4 im4 and.the rim4 at th edge of the nozzle
chanber . hﬁ{gh@t%gcgg?%t{sﬂggnm%gﬁt&eﬁ“ﬁw%“f  is SRy ig ﬂ%lﬁ}'ayers of PTFE and
the thin hydrophilic |layer down to the sacrificial |ayer using Mask 6.

Thi s mask fines t.h ap 10 at the edges of the actuator and paddle. This
step is s o@ﬁp"sﬁﬁ @P&ﬁ&@."t wnpatadydrophilic elymsh andeat ithe sudfacewd this palymeme
sacrifici dr F1Pradhévhden, for exanple, an ASE Advanced Silicon Etcher from
Sur face Technol ogy Systens) using Mask 7. This mask defines the ink inlets
which 3 are etched through the wafer. This step is shown in Fig. 16. 14.

Etch the 3?9_&13&(5%??5 iCJ’Oﬁyngénl:I%_t&?lu %ﬁﬁﬁlgrilesﬂxﬁ’@ﬁﬂ;ced by this etch. 15.

Mount the pri'ntheads 1nt packa y be a nol ded plastic
former incorporating 2 6 OCT 2006 WD 2004/002743 PCT/ AU2002/ 001162 11 ink

channel s t ropriate color ink to the ink inlets at the
back of tE'éthttc\/\/%lﬁ.l g%ﬁﬁgmgﬁﬁf erS 19 seeonekigeel mstal Hung Mapk 2 rIhisrnesk defines
syst ens. Emrcomaét@mprz@&rithehea&asleafdd@dmﬁs%@pi%emigi@r.upti on of airflow
TAB may be used. Wre bonding may al so be used i f t printer

9. Deposit and pattern 0.5 microns of gold 53 using a lift-off process using Mask 4. This mask
defines the heater pattern. This step is shown in Fig. 13,

10. Deposit 1.5 microns of PTFE 54.

H. Etch 1 micron of PTFE using Mask 5. This mask defines the nozzle rim 4 and the rim 4 at the
edge of the nozzle chamber. This step is shown in Fig. 14.

12. Etch both layers of PTFE and the thin hydrophilic layer down to the sacrificial layer using
Mask 6. This mask defines the gap 10 at the edges of the actuator and paddle. This step is shown
in Fig. 15.

13. Back-etch through the silicon wafer to the sacrificial layer (with, for example, an ASE
Advanced Silicon Etcher from Surface Technology Systems) using Mask 7. This mask defines the
ink inlets which 3 are etched through the wafer. This step is shown in Fig. 16.

14. Etch the sacrificial layers. The wafer is also diced by this etch.

15. Mount the printheads in their packaging, which may be a molded plastic former incorporating




is to be operated with sufficient clearance to the paper. 17. Fibl gﬂﬁ_
conpleted printheads with ink 55 and test them A filled nozzle 2 b wrzuﬂﬁn
Fig. 17. wo2ge27aB of the drawi ngs, a nozzl e arrangeneptr/atn@soshier
enbodi nent of the printhead chip of the invention is designated generally
by the reference nunmeral 110. The printhead chip has a plurality of the
nozzl e arrangenments 110 arranged in an afray 114 (Figs. 22 and 23) on a
silicon substrate 116. The array 114 will be described in greater detail

bel ow. The nozzl e arrangenent 110 includes a silicon substrate or wafer 116

'S doposi {actBREE b TR apRrblig e RARl ek MR R P BB ot Bl 10
i ncludes a nozzle 122 defining an ink ejection port 124, a connecting

menber in.the formof a leyer arm 126 and an actuator 128. The |ever arm
126 conné@t ?0?‘}?& Q’&WF‘X&E’B%F’G IpIREOPRESY Fystemsy Foma lewgupfile rrogrestion with

detai | i nunfhi diSrubfionZdf aiflotvh I AN t ! . CL OWN
nfibigfom diSrup o EAR " BiRed. Wie BETgtma As TR RES Hfle Fridiéro "

portion 130 with a skirt portion depending fromtHhe crown porti

The ski rt 5/8b¢ pBffated with suffipigntslaaranes togheyaperpher al wal | of a nozzl e chanber
134 (Figs. 19 to 21 of the drawings). The ink ejection port 124 is in
fluid comunication with the nozzle chanber 134. It is to be noted that
the ink ejlédiill e cpmpleted 2dinthsads withgokn fbahdligst thetmaiASiiltd mbzalclis Shdwidih Figiins” a
meni scus 138 (Fig. 19) of a body of ink 140 in the nozzle chanber 134. An
ink inlet aperture 142 (shown nost clearly in Fig. 23) is defined in a

fl oor 146IwFigt IBofthe dla@ings oLl atrddgembACofHRBIhErERboldert SF ihe phihihosl chi
communi catjon.with an . ink inlet channel 148 defined through the su%s}%rate

116. 2 6 © FysRion AP ot esreralleyrthageiensogeonmesat 119, The prntheadshipibon 150

bounds t hepRRAIt) Bf e 26218406 O"aﬁ*ﬁ | : (o} i 146.
The skirt ‘ﬁortit%n 132, as ingﬁﬁﬁggl a ov%%ﬁétﬁﬁt&ﬁég %ﬁﬁ%’%@%??ﬁgs a
first par filigen Sbgete biferBie arppmlt 14 will bewdeserthed lingrebtandatail Yedaw.and t he wal |
portion 150 defines a second part of the peripheral wall of the nozzle
chanber 134. The wall 150 has an inwardly directed Iip 152 at its free end,

whi ch ser Vhenerglearfahgantint 1 Keiatlutidsat siticon substrate or wafer 116 on which a dielectric
layer 118 is deposited. A CMOS passivation layer 120 is deposited on the dielectric layer 118,
Each nozzle arrangement 110 includes a nozzle 122 defining an ink ejection port 124, a
connecting member in the form of a lever arm 126 and an actuator 128. The lever arm 126

connects the actuator 128 to the nozzie 122.

As shown in greater detail in Figs. 19 to 21 of the drawings, the nozzle 122 comprises a crown
portion 130 with a skirt portion 132 depending from the crown portion 130. The skirt portion
132 forms part of a petipheral wall of a nozzle chamber 134 (Figs. 19 to 21 of the drawings).
The ink ejection port 124 is in fluid communication with the nozzle chamber 134. It is to be
noted that the ink ejection port 124 is surrounded by a raised rim 136 that "pins" a meniscus
138 (Fig. 19) of a body of ink 140 in the nozzle chamber 134.

An ink inlet aperture 142 (shown most clearly in Fig. 23) is defined in a floor 146 of the nozzle
chamber 134. The aperture 142 is in fluid communication with an ink inlet channel 148
defined through the substrate 116.




i nhibits the escape of ink when the nozzle 122 is displaced, as 2N| | DC{?eZ
described in greater detail below It will be appreciated that, c?u o] qnﬁe
vi scosi ty Vo9 2¢0480274k 140 and the small di mensi ons of thecwrABgiodgotaes ween
the lip 152 and the skirt portion 132, the inwardly directed I|ip 152 and
surface tension function as a seal for inhibiting the escape of ink from
the nozzle chamber 134. The actuator 128 is a thermal bend actuator and is
connected to an anchor 154 extending upwardly fromthe substrate 116 or,
nore particularly, fromthe CMOS passivation |layer 120. The anchor 154 is

nount ed o ' 6 ' r el ectr,ical connection wth
The act uat or 2 2iflo30 Bans HAnBLE 10 SALAG L hidh o BRSPS brfiba 6.
arranged dbwskirtpgtioui?, apadisited atamaof thébzzler122 dpfiek @raPar GO0 Gerghatal Dot h
beams 158 and 160 ar Bf el I ncl ude, . a conduStive cerami c material such
as titani um nit r*‘f’b"e”%f fiber g3 Ang,ths wall pgrion |30 dgtings 2 secand @t of the periphesal
anchor ed tvailtdfahamebleichdhkerang t heir opposed ends connected to the arm

126. When a current is caused to flow through the active beam 158 thermal
expansi on of the beam 158 results. As the passive beam 160, through which

there i s THe wall'150hks 4d B%W&?ec&gtlifgléaqus ﬁ'&le ér{&ewﬁgﬁger@gst a%iaﬁui%% Q%ahﬁ%&

monment is created causing tHe arm an ence, noz
di spl aced iefubitsibe eficope ofiimls whert the newrbst224s displaGedass willbwilesdribedFirggreét of t he

dr awi ngs. | . ej.ect i f,ink.,through the n e opening 124 as
shom gts i%@“i%ﬁ %Fg.?aﬂgpeo#pfeﬁ?kegﬁﬁn ‘Hlﬁgc.’ ﬂWésr‘?ogﬁ’e"fgléﬁJ‘Pgéiéf‘n gfmall renpved
from t he donténsions bEthesidethg betvecen khe 184 1H20RinA SheCdlirt chmioﬁz hlm/,v%heziﬁ@a,g%e@te&zz

| g 0 e draw ngs.

returns te_i i escent .position as shown_in .

When the. 1BJ37 8 SIS oG Tantion 2 At IOTIBRIDIPBSNE ss6Ape clink e thtnogrler 164
I s formedchénterngsul t of the breaking of an ink droplet neck as illustrated
at 166 in 2 6 OCT 2006 WD 2004/002743 PCT/ AU2002/ 001162 13 Fig. 21 of the
drawi ngs. The ink droplet 164 then travels on to the print nmedia such as a

sheet  of THaR&hator 2835 & rgation of, the ink |l et,. 164, a
"negative" meni scus is ?%ﬁﬁn&elg%%éc%%\%ﬁggﬁmﬁgﬁ?ﬁdﬁo A 5‘?"1’?‘19%\‘0&11‘??&‘”& awi ngs.
Thi s "negapwardly framithecubstrb8l L6as,hors panicalarly,ffdnoviie CMOS passivation layer 120.

The anchor 154 is mounted on conductive pads 156 which form an electrical connection with

the actuator 128.

The actuator 128 comprises a first, active beam 158 arranged above a second, passive beam
160. In a preferred embodiment, both beams 158 and 160 are of, or include, a conductive

ceramic material such as titanium nitride (TiN).

Both beams 158 and 160 have their first ends anchored to the anchor 154 and their opposed
ends connected to the arm 126, When a current is caused to flow through the active beam 158
thermal expansion of the beam 158 results. As the passive beam 160, through which there is
no current flow, does not expand at the same rate, a bending moment is created causing the arm
126 and, hence, the nozzle 122 to be displaced downwardly towards the substrate 116 as shown
in Fig. 20 of the drawings. This causes an ejection of ink through the nozzle opening 124 as
shown at 162 in Fig. 20 of the drawings. When the source of heat is removed from the active
beam 158, i.e. by stopping current flow, the nozzle 122 returns to its quiescent position as
shown in Fig. 21 of the drawings. When the nozzle 122 returns to its quiescent position, an ink
droplet 164 is formed as a result of the breaking of an ink droplet neck as illustrated at 166 in




of ink 140 into the nozzle chanber 134 such that a new neniscus ]i\r?]g OFT 42006
19) is fornmed in readiness for the next ink drop ejection fromtheé nozzle
ar rangeneiwo 240a/002743 Wi | | be appreciated that the crown peri/sofmodesiigefi nes
a di spl acenent surface which acts on the ink in the nozzle chanber 134.
The crown portion 130 is configured so that an area of the displacenent
surface is greater than half but less thdn twice a cross sectional area of
the ink ejection port 124. Referring nowto Figs. 22 and 23 of the

drawi ngs, the nozzle array 114 is described in greater detail. The array

114 is f ok - -0t . di hal the array 114 includes four
groups 17% I%fz 1 (r%gfzhf ﬁ%@%g%%%&&ﬁ?%ﬂe@ﬁ%@%gx} %ﬁ%"%‘& P“"E\é\f’ 12 5pehas 218peethas

i ts nozzl ef paper.ahgensntt sf th Goraratiamgitle ik druplet 1045 InégatdRt mbrdeus M orabd t he
groups 17Q_i,s_sh iln. gre r.detail_jn Fig. 23 of the drawi ngs. To
facilitaté& %‘1"6‘%’@%@% Iﬂnﬁgg%‘f‘%{tﬁ%d'ﬁwﬁ-eﬂaﬁ rBf¢3hYRS Mediseup] 68 resulis i igflow2 and
174, the opink|1€0 im6 Hawese Bhambet 934 fuch Mt b AWy hichi fFRe er ed
with respect, to the nozzle ar[angengnts 110 in tﬁﬂ%ﬁ%@%@%‘?@%ﬁe
nozzl e ar FEAGETHERT Ge nexs inkdrop iectinn i thermwzzls parensdmapalt 0. suf ficiently far
fromeach other to enable the |ever arns 126 of the nozzle arrangenents
110 in the row 174 to pass between adjacent nozzles 122 of the arrangenents
110 in th¥ wikeapprecipted st the chevmpirtich t HedefinechdigslachRnevuHROOWHEREctd &0 i S

substanti gl.l:w - ell .sh that the n l]es 122 in the row 172 nest
bet ween t g%‘fﬁﬁ‘g@ng%f h%‘ﬁ'ggrteﬁg' cToe B‘?@oﬁ%& Breoniiguiediorthif@p area of the

ar r angenedispladehient surfdoeisrgeutet tan HalfbubREs thhPrdfieea blblsdeQidthCs6 MakKinRY of
the nozzles 122 ttﬁ the rows 172 and 174, each nozzle 122 is substantially

hexagonal P§URAES24 ¢t will be appreciated by those skilled in the art
that, when the nozzles 122 are displaced towards the substrate 116, in

use, due o, the nozzle oEeni ng 124 being at a slight angle with 2 6 OCT
2006 WO Befermgaewss FigsT2 A folxidrawings, the mezgleciray 314 Beleswibad i griasber
134 ink i ' lyi § ndi cul.ar t is . advant age of
the arr angeéﬁléﬁ?{f%g lllgnm#ﬁ?/agggu; ﬁggg%%%%ﬁb%c??fgmé}yameﬁﬁgy ? ﬂdalngﬂ‘ﬂ%g B% uat or s

128 groups 170 of nozzle arrangements, one for each color. Each group 170 has its nozzle

arrangements 110 arranged in two rows 172 and 174. One of the groups 170 is shown in
greater detail in Fig. 23 of the drawings.

To facilitate close packing of the nozzle arrangements 110 in the rows 172 and 174, the nozzle
arrangements 110 in the row 174 are offset or staggered with respect to the nozzle
arrangements 110 in the row 172. Also, the nozzle arrangements 110 in the row 172 are
spaced apart sufficiently far from each other to enable the lever arms 126 of the nozzle
arrangements 110 in the row 174 to pass between adjacent nozzles 122 of the arrangements
110 in the row 172. It is to be noted that each nozzle arrangement 110 is substantially
dumbbell shaped so that the nozzles 122 in the row 172 nest between the nozzles 122 and the

actuators 128 of adjacent nozzle arrangements 110 in the row 174.

Further, to facilitate close packing of the nozzles 122 in the rows 172 and 174, each nozzle 122
is substantially hexagonally shaped.

It will be appreciated by those skilled in the art that, when the nozzles 122 are displaced

towards the substrate 116, in use, due to the nozzle opening 124 being at a slight angle with




of the nozzle arrangenments 110 in the rows 172 and 174 extend in the sane
direction to one side of the rows 172 and 174. Hence, the ink dr6p0ET s2006
ej ected f MP20048UdY¥ zl es 122 in the row 172 and the inkpdrapbmbsogisect ed
fromthe nozzles 122 in the row 174 are parallel to one another resulting
in an inproved print quality. Also, as shown in Fig. 22 of the draw ngs,
the substrate 116 has bond pads 176 arralr‘?ged t hereon which provide the

el ectrical connections, via the pads 156, to the actuators 128 of the
nozzl e arrangenents 110. These el ectrical connections are fornmed via the

CMOS | ayer, t ' ! ey 0 he dragw ngs, .a

devel oprnerfstasﬁ)g(%i 0 H’Sr}@%@)&ﬁﬁﬁg‘%ﬂg @%&ﬁ&%ﬁlﬁﬁﬁ%f’éﬁﬁw < “{Aﬂen Br#vi ous

drawi ngs, alyantageof reemengamamtsiams in Eiger 22 and I3k tRAdrhwingt Hab &S s btk WhE €

speci fied. ¢4l s devel o t,.a nozzle rd 180 is nounted on the

substrate %%8%2}1? WPQQ ﬁQ}n they pows 22‘?’85@% srtendiigdhg spate direction th ouy

menber 183idvafitngows b2l 174y Heho @R SR08RNLAIAR GH mEHE POIHEL o The
0 e

passages 3{54 aC![@ ie_}g(([e ister with the nozzl e openings 1 € Nozz
arrangermne £and e ratetgieregtpd from the aprzlesd22 inihemow R4 it pejaliclite dné wmmheany
one of t heesigia Iilganw}éaqﬁin; ditd he ink passes through the associated
passage 184 be?ore striking the lpt))?i nt nmedia. The body nenber 182 is

nounted in spaced relationship relative to the nozzle arrangenents 110 by

| i nbs or u p e,of cthe struts 186 ha ir inlet openings 188
defined t e{"’e?s?ﬁhg’g’?r‘\n g‘;éé?g%tté‘ﬁ%{al’i"é"%r &'&ﬁ‘%?ﬁteﬁéghﬂs bandipads Hi$ amanged; s
charged t Hewogtwhidheprovide theapeaicalonidBiohs) viaahe patisasH, th MOkat B sRasA0eS
184 t oget ngrzlvmth i nk t{@gﬂllnq th‘%ﬂugh t he passages 184. T¥1e I nk i's not
entrai ned 1A T HE EFPEEY hese clectrical congectiopp ars femnadrida the SM4QS baytiont a

di fferentshowshocity fromthat of the ink droplets 164. For exanple, the ink
droplets 164 are ejected from2 6 OCT 2006 WD 2004/002743

PCT/ AU2002/ 001162 15 the nozzles 122 at a velocity of approxinmately 3ns.
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| m's. The purpose of the air Is fo naintain
forei gn pterthe prewious drawinggglike reference numerals refer to like parts, unless otherwise specified.

In this development, a nozzle guard 180 is mounted on the substrate 116 of the array 114, The
nozzle guard 180 includes a body member 182 having a plurality of passages 184 defined
therethrough. The passages 184 are in register with the nozzle openings 124 of the nozzle
arrangements 110 of the array 114 such that, when ink is ejected from any one of the nozzie

openings 124, the ink passes through the associated passage 184 before striking the print
media.

The body member 182 is mounted in spaced relationship relative to the nozzle arrangements

110 by limbs or struts 186. One of the struts 186 has air inlet openings 188 defined therein.

In use, when the array 114 is in operation, air is charged through the inlet openings 188 to be

forced through the passages 184 together with ink travelling through the passages 184.

The ink is not entrained in the air as the air is charged through the passages 184 at a different
velocity from that of the ink droplets 164. For example, the ink droplets 164 are ejected from




exi sts that these foreign particles, such as dust particles, coilg éﬁ#l
onto the nozzle arrangenents 110 adversely affecting their opefati‘ormn. %Wﬁh
t he provi ¥QR00027HE air inlet openings 88 in the nozzl gcpuasdadQes hi S
problemis, to a large extent, obviated. Referring nowto Figs. 25 to 27 of
the draw ngs, a process for manufacturing the nozzle arrangenents 110 is
described. Starting with the silicon subStrate or wafer 116, the dielectric
| ayer 118 is deposited on a surface of the wafer 116. The dielectric |ayer
118 is in the formof approximately 1.5 mcrons of CVD oxide. Resist is

spun on t he | aye 8 I s,exposed tg mask 200 and is

subsequen?‘1 é%&g?g{)gﬁ&&?ﬁgr&%rﬂﬁ 3%{?'(]3_‘11'8/ 'ei!le ‘E“Eés ‘ﬁ’&gﬂ@&@g@h ¢ PAssRgsh

et ched dovid4taba véiecityi dfiapproxineyely 1th1H. The resist is then stripped and the
¥y

| ayer 118 is cleaned. This step defines the ink inlet aperture 142. In Fig.
25b of the drawi ngs, approximately 0.8 mcrons of alum num 202 is deposited

on the | aihen Se of RS hiBts th n } Hél% ?ﬁ 11S. € sed to
mask 204 andpcljl?\llgel oped., The azflﬂtiglﬂ%pﬁa?% %stfsgcg%aggrn% efc %dé]%év%e?n(%%{ he
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connect i o@peningsch8 in thetrivezlCRDBd|189 diis froblernshavwa JargdpReRxduvRd&l.y 0.5 nicrons
of PECVD nitride is deposited as the CMOS passivation |ayer 120. Resist is
spun on and the layer 120 is exposed to mask 206 whereafter it is

devel oped Refdrting novel@\VEiEQRI®NL7 of the dRilindsOprosesh FdShRuicalgd 1ol ko the
al um num | ayer 202#‘@1@? he_silicon |ayer 116 in the regi on of the inlet

aperture 1geTRRls sqribeds 1 pped and the device cleaned. 2 6 OCT 2006
WO 2004/ 002743 PCT/ AU2002/ 001162 16 A |layer 208 of a sacrificial material
is spun on to the |layer 120. The layer 208 is 6 mcrons of photosensitive
pol yi i de SE¥tingspitiothe sidicen substrate of whicy hi6, greplieledtric lyeredi8ss depblieediomeer 208 is

sof t bakedgpfe i o} 1o nmask 210 whereafter,it i s devel oped. The
| ayer 208°1s fhgt%\lg Igl'ﬁgerr %ga)'k‘gﬁéj‘g%l%ﬁ%‘ﬁ%y%ﬂ&dﬁ@‘?}SSQW@PQFOP(H%M?I& SYmisHs| g
conpr i sedobEVPuixydeniRisistis spiin @ wahelayer 118 and the layer 118 is exposed to mask 200 and

is subsequently developed.

After being developed, the layer 118 is plasma etched down to the silicon layer 116. The resist
is then stripped and the layer 118 is cleaned. This step defines the ink inlet aperture 142.

In Fig. 25b of the drawings, approximately 0.8 microns of aluminum 202 is deposited on the
layer 118. Resist is spun on and the aluminum 202 is exposed to mask 204 and developed.
The aluminum 202 is plasma etched down to the oxide layer 118, the resist is stripped and the
device is cleaned. This step provides the bond pads and interconnects to the ink Jjet actuator
128. This interconnect is to an NMOS drive transistor and a power plane with connections
made in the CMOS layer (not shown).

Approximately 0.5 microns of PECVD nitride is deposited as the CMOS passivation layer 120.
Resist is spun on and the layer 120 is exposed to mask 206 whereafter it is developed. After
development, the nitride is plasma etched down to the aluminum layer 202 and the silicon layer

116 in the region of the inlet aperture 142. The resist is stripped and the device cleaned,




t han 300C where the layer 208 is high tenperature resist. It is_t ﬁe‘,gﬂwd
In the drawings that the pattern-dependent distortion of the palgi y'd

| ayer 208 Vé@a@diodyy3 shri nkage is taken into account in pdgademegiigd t he
mask 210. In the next step, shown in Fig. 25e of the draw ngs, a second
sacrificial layer 212 is applied. The layer 212 is either 2 m of

phot osensitive polyimde, which is spun , or approximately 1.3 gm of

hi gh tenperature resist. The layer 212 is softbaked and exposed to mask
214. After exposure to the mask 214, the |layer 212 is devel oped. In the

case of t ' jm.de, 1 ayer, .2 | S dbaked at 400C
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can be used instead of TI.N, are TiB2, MSi2 or (Ti, AI)N. The layer 216 is
t hen ex poSléed""\“Smﬁ‘gegﬁm{ﬂ@mtﬂ’é’\?@IogHﬁéomdﬁll%ﬁﬁo capcbyobrinkass is taker iatoer

212 wher eatdonnt in@kd ddsigndP e Rebk9p. the | ayer 216, is wet stripped taking
care not to renove the cured |layers 208 or 212. Athird sacrificial |ayer

220 is applied by spinning on 4 |um of photosensitive polyimde or

appr oxi mateins ' I.st.. The |ayer. .220.i.s. sof { baked
whor oa t or 1hé nexfdilla SRR B U Brbbis’d st S HAER Al Bisophigar co 17
exposed t dhedaykr 21245 eittiee 2 gpofhdtdsensitiveipslytitizle, Wiiek isapes oh,Wr bpyegintely

har dbaki ng., I n the .case of polyimde, the layer 220 1s hardbaked at 400C
f or approgIBHﬂ?Qfg‘gBFFénﬂ?&ﬁ?m&“&t YrEdd l%sf?gga@d@(ld frrosed tormeask 2 ér Afigo
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polyimide, the layer 212 is hardbaked at 400°C for approximately one hour. Where the layer

212 is resist, it is hardbaked at greater than 300°C for approximately one hour.

A 0.2 micron multi-layer metal layer 216 is then deposited. Part of this layer 216 forms the
passive beam 160 of the actuator 128.

The layer 216 is formed by sputtering 1,000A of titanium nitride (TiN) at around 300°C
followed by sputtering 50A of tantalum nitride (TaN). A further 1,000A of TiN is sputtered on
followed by 50A of TaN and a further 1,000A of TiN.

Other materials, which can be used instead of TiN , are TiB,, MoSi; or (Ti, ADN.

The layer 216 is then exposed to mask 218, developed and plasma etched down to the layer

212 whereafter resist, applied for the layer 216, is wet stripped taking care not to remove the
cured layers 208 or 212.

A third sacrificial layer 220 is applied by spinning on 4 pm of photosensitive polyimide or
approximately 2.6 um high temperature resist. The layer 220 is softbaked whereafter it is
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224 are the sane as the layer 216 and are applied in the sanme ma? ebCT'?Uﬂﬁ
w Il be appreciated that both |layers 216 and 224 are el ectri cal 3

conduct i v&V0 200en&2743The | ayer 224 is exposed to nmask 226 gigatso/BAks2

devel oped. The layer 224 is plasna etched down to the polyimde or resist

| ayer 220 whereafter resist applied for the layer 224 is wet stripped
taki ng care not to renove the cured | ayef’s 208, 212 or 220. It will be
noted that the remaining part of the |layer 224 defines the active beam 158
of the actuator 128. A fourth sacrificial |layer 228 is applied by spinning

on 4 m of ensiti-vepolyimde or. . approxi 6m of hig
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and is t heascadyelyimnidd, tholayad2e i§ hedbake@ ROI00OCT ForaProRinSd19 e hourkh g 9k of
the drawi ngs. The remaining portions of the |ayer 228 are hardbaked at

400C for &FtReRe0R1G Whenthedayar 220 compriseatssisbf pol yi ni de or at greater
than 300C for resist. As shown in Fig. 251 of the drawing, a high Young's
nodul us dielectric |layer 232 is deposited. The layer 232 is constituted by
appr oxi matedegorkhmuli-laydr it layict 214cis applied to!tHe M4y 220, dFhe chARitdnAYth2Bger S

deposi ted a tenperature bel ow fhe hardbaked tenperature of the
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I's applied by spinning on 2m of photosensitive polyimde or approximtely

1.3m of hirgh1a,6MReNat [<6Sd-St ¢ : r 4 1,S$0 tba%}ﬁd xposed to
mask 236 andﬁ(deveIlopiggsed%ﬁzdaﬁgﬁ%g%?nlgﬁ%grdf ?%?‘Peg’f ]ﬁﬁieayFra L Q@ﬂg‘? gtc]? en
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the sacri fenmirhg payef th Rfert 324idaAnaheadhiot béat 15EHMHEacNorOhgt he sacri fi ci al
| ayer 234. This step defines the ink ejection port 124, the |lever arm 126

and the anchor 154 of the nozzle arrangenent |10.
A fourth sacrificial layer 228 is applied by spinning on 4 um of photosensitive polyimide or

approximately 2.6im of high temperature resist. The layer 228 is softbaked, exposed to the
mask 230 and is then developed to leave the island portions as shown in Fig. 9k of the
drawings. The remaining portions of the layer 228 are hardbaked at 400°C for approximately

one hour in the case of polyimide or at greater than 300°C for resist.

As shown in Fig. 25! of the drawing, a high Young’s modulus dielectric layer 232 is deposited.
The layer 232 is constituted by approximately 1iim of silicon nitride or aluminum oxide. The
layer 232 is deposited at a temperature below the hardbaked temperature of the sacrificial
layers 208, 212, 220, 228. The primary characteristics required for this dielectric layer 232 are

a high elastic modulus, chemical inertness and good adhesion to TiN.

A fifth sacrificial layer 234 is applied by spinning on 2um of photosensitive polyimide or
approximately 1.3um of high temperature resist. The layer 234 is softbaked, exposed to mask
236 and developed. The remaining portion of the layer 234 is then hardbaked at 400°C for one

hour in the case of the polyimide or at greater than 300°C for the resist.




A high Young's nodulus dielectric |ayer 238 is deposited. This Iayép Q@fi 2035
formed by depositing 0.2mof silicon nitride or alumnumnitride

t enper at uréOBUHER2The har dbaked tenperature of the sacrpéi/avalozhaper s 208,
212, 220 and 228. Then, as shown in Fig. 25p of the drawings, the |ayer 238
is anisotropically plasma etched to a depth of 0.35 mcrons. This etch is
intended to clear the dielectric fromth& entire surface except the
sidewal I s of the dielectric layer 232 and the sacrificial |ayer 234. This
step creates the nozzle rim 136 around the nozzle opening 124 that "pins"

t he neni scrie didled i . I rel ease tape
240 is applied. E?‘:Sﬁy%fsz?giﬁé%nb‘?%c%eg%%grﬁotﬁ%Sgéﬁr%%\r{hayf F%%gt(at%%{ﬁ F%rgﬁgtstﬁ/af er

116. The w&heve ayefithe sagppliciddayen2ihsk 242 to back etch the wafer 116 to
define the ink inlet channel 148. The resist is then stripped fromthe

wafer 116. A further UV rel ease tape (not shown) is applied to a rear of

t he waf er This siepodefines tha ek Gebfion port 1 2410Mecldver BAA 196akd fhe Ghdbor | 9/ 61 tBe 2981 212,
220, 228 and 234 1 stripped in oxygen plasna to provide the final nozzle
arrangerrer?{raﬁa_e@wgg own in Figs. 25r and 26r of the drawings. For ease of
reference, the reference nunerals illustrated in these two drawi ngs are the
same as those in Fig. 18 of the drawings to indicate the relevant parts of

t he nozzl ¢ Behdpyesemodulypdielertrigdayep?3tain demsitedh Glis hger@38isforoed bf t he

nozzl e ar . : ' nce W th.the proc

descri bed a ogig%vrg'zt%&?g?g?%%@ﬁ% glr @?‘8@3 n%%@‘%%%&”’%% 29 "g‘i’ ﬁfﬁ&@’i‘ed

cor r espondtentperftgof tHeSatrificzil laykrstI08, Xrand0gd.228. 6 OCT 2006 WO 2004/ 002743
PCT/ AU2002/ 001162 19 In Figs. 30 and 31, reference nuneral 250 generally
i ndi cates a nozzle arrangenent of a printhead chip of the invention. Wth

r ef er ence Then, abshawitiadad. 28p bf @s dlak\iiﬁg%, fh@flﬁfe{eﬁ‘ﬁeifs %&g@%hg@%& e%cgmi fgkae

parts unl ess géhervm’,se speci fied. The purpose O
i ndi cat e SRih RENSP Brienons. cThis stefnisntgnder o clear thedinletric droal the etire sz e

ar r angeme s sppihe baBwhiRG AANLIDS: AR L9 11Je0980 43 Lhe nozzle

chanber to &j ectf ink from t%e&?lglza e232%3 ers(.Ec pcéailik’fyiefzfﬁgt";ﬁge%‘l‘re@ﬁch

nozzl e ar themgeste nims] Mrasowdithaonazzle opening 124 that "pins" the meniscus of ink, as described
above. '

An ultraviolet (UV) release tape 240 is applied. 4pum of resist is spun on to a rear of the silicon

wafer 116. The wafer 116 is exposed to mask 242 to back etch the wafer 116 to define the ink
inlet channel 148. The resist is then stripped from the wafer 116.

A further UV release tape (not shown) is applied to a rear of the wafer 16 and the tape 240 is
removed. The sacrificial layers 208, 212, 220, 228 and 234 are stripped in oxygen plasma to
provide the final nozzle arrangement 110 as shown in Figs. 25r and 26r of the drawings. For
ease of reference, the reference numerals illustrated in these two drawings are the same as
those in Fig. 18 of the drawings to indicate the relevant parts of the nozzle arrangement 110,
Figs. 28 and 29 show the operation of the nozzle arrangement 110, manufactured in accordance
with the process described above with reference to Figs. 25 and 26, and these figures

correspond to Figs. 19 to 21 of the drawings.




in the referenced patents/patent applications. It follows that sqgg-geraﬂmE
wll not be set out in this description. The nozzl e arrangenent 0

i ncl udes YA 4haf er substrate 252. A drive circuitrpcT/apern2aédez of
silicon dioxide is positioned on the wafer substrate 252. A passivation

| ayer 256 is positioned on the drive ci{fuitry | ayer 254 to protect the
drive circuitry layer 254. The nozzl e arriangenent 250 includes nozzle
chanber walls in the formof a pair of opposed sidewalls 258, a distal end
wal | 260 and a proximal end wall 262. A roof 264 spans the walls 258, 260,

262. The aGigs2Seasdlsi, wrbrefectherst 0% Pt AndlEhid)fn B DORF S EhATReT 266,

An ink ejection port 268 is defined I'n th channel
290 is defPriREEad fipp of fhedmention. Vitlpsferenea to theerdceding Eig2 Jike rdfbfencdiendralk

inl et changg}odfQ HARE eés%ttl%r&r{(l@(sgﬁkgl lie chamber 266 at a position that is
] €

generally aligned wt the 1n ctron port 268. The nozzl e arrangenent
250 includes a thernal actuator 270. The thernal actuator includes a

movabl e i form .an actuator arm 272 that extends into the

nozzl e c%gprpf E%(Em%%d ae{]gto’jddf g’rm ?Ff’?%?“‘?"ém&?lrfél%@?@l‘%@dh@tés eqmamonte adk ea of
t he nozzl ¢hexivanioerra@demehts@hnii BRaX% A 8bvi : : LSt nd
wal I 260.  The actuato arS ?:f;??es é)g?iati o%ﬁ%ﬁgg?%pe%ﬁ%?iﬁmﬁﬁ%% é’ﬁi“%:‘ ‘Annel
290 and tﬁ%ejFﬂl&&%#%tﬁwzglﬁ ambg. Speific slstails pbsuch nogzky@rapg¢menttsart betough  an
openi ng 27thd edfefRpekbd i : t 0 be..noynt on an, anchor
formation 276 Qutsiég“%ﬁgmnogﬁﬁga%ﬁgﬁggﬁﬂégéaggggggﬁﬁﬂ “ﬁpwgﬂﬁéﬂﬁﬂT“Q78 is
posi ti onedis ?FSFW%}IQ?)'peni ng 274 to inhibit the egress of ink fromthe nozzle

chanmber 266. 2 6 OCT 2006 WD 2004/002743 PCT/ AU2002/ 001162 20 The
actuator arm 272 conprises a body 280 of a nmaterial with a coefficient of

thermal  Ehepaewicamanpatert 250inghdensiitonseaferabst¥EIS ARV t:iréJi'lﬁy E%ﬁi sq2
ormwork., An exanple of such”a

when heat .6an pPe .harnessed ., tq per

mat eri al ?fsjm%g nycﬁ‘gil?%’fslpﬁﬂﬁ?)réefjl’mﬂé‘g@ pspbatrate 3% Appgsivatpadayse?fties an upper
si de 282 positichet] oWte drivéRirdd ' 'i.gﬁn-}, 56 and the
upper side 282.e A heeati nglrel fe}ynebﬁ%y\%%goﬁjgﬁ%dgg}%ﬁ{gggi In F%glr?bsédy 280

proxi mate the | ower side
The nozzle arrangement 250 includes nozzle chamber walls in the form of a pair of opposed

sidewalls 258, a distal end wall 260 and a proximal end wall 262. A roof 264 spans the walls
258, 260, 262. The roof 264 and walls 258, 260 and 262 define a nozzle chamber 266. An ink
gjection port 268 is defined in the roof 264.

An ink inlet channel 290 is defined through the wafer 252, and the layers 254, 256. The ink

inlet channel 290 opens into the nozzle chamber 266 at a position that is generally aligned with
the ink ejection port 268.

The nozzle arrangement 250 includes a thermal actuator 270. The thermal actuator includes a
movable member in the form of an actuator arm 272 that extends into the nozzle chamber 266.
The actuator arm 272 is dimensioned to span an area of the nozzle chamber 266 from the
proximal end wall 262 to the distal end wall 260, The actuator arm 272 is positioned between
the ink inlet channel 290 and the ink ejection port 268. The actuator arm 272 extends through
an opening 274 defined in the proximal end wall 262 to be mounted on an anchor formation
276 outside the nozzle chamber 266. A sealing arrangement 278 is positioned in the opening
274 to inhibit the egress of ink from the nozzle chamber 266.




284. The heating el enent 288 defines a heating circuit that is 002%5(3]11 hﬁ)
drive circuitry (not shown) in the layer 254 with vias in the an CT" 2008
for mat i on Y 80040R7dke, an el ectrical signal from the drP@BAURICUIMEY heats
the heating el enent 288. The position of the heating el enent 288 results
in that portion of the body 280 proxi matzg) the | ower side 284 expanding to a
greater extent than a renai nder of the Dody 280. Thus, the actuator arm
272 is deflected towards the roof 264 to eject ink fromthe ink ejection
port 268. On termi nation of the signal, the body 280 <cools and a resulting
differential contraction causes the actuator arm 272 to return to a

qui escent condition. It wll be appreciated that the upper side 282 of the
act uat i ng Taf ActRator aref 2 Recomprigéssibady @80 of 2 matesial RAR a todficianttios teAnilne i Nk to

ej ect the,] ; | | echion port . _The displacenment area 292 is
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which is Q%TQIH@%N since chg real estate is very 'exp fsi ons
ensure t hat*tihe hegiingalament 2 3hdalinen heatiog pirent tatss tamestediondive cheasitminorass.
Thus, t hegRfl) ¢l 888 cPh : 250,J.s- optim zed. and sufficient
force for t heej ,ect_"i}&c?ir)\ > %ﬁgﬁb@ﬁggwg%gl%%tﬁ?%igS@&?@ fFEga WP om

di scl osedthedkive sircyiiry hedtsithe heating eleognt 288. Phé¢ povitial dftheheatibelbmer 288 de r ange

of printi Lncl udi ng; or _.an ochro office printers, short
Cun di gi tpolis i Tt o3 of %63%8%295 igaRy ‘ﬂgpqw&dg‘,i%?m@@% Fesgyeater
suppl emenexiént pireinr remaind b10vf tROSIdy P80 THuB Ih@ EdtikdtsH #mMi78 i SRREE] to%ﬂﬁ‘%jt h
printers, nﬁ%%gook co ters is\git'h inbuilt pagew dth printers, portable
col or and™® E’rﬁ‘iS’FrB&E 9, the ek eiggiion o 768 fomtseminetien ofdh¢ sigm), thobaly 280d
monoc hr ongyol e afedutidCdi FfBRRtial SO A& Rk Lahh e and copying
machi nes, | abel print eg(r:d; Ia’rlage fornatcagﬁégﬁiér?aft%%%h&#’?%gﬁw
2004/ 002 74espentcapdition/ 001162 21 phot ograph copiers, printers for digital
phot ographic "m nil abs", video printers, PHOTO CD (PHOTOCD is a
registered trade mark of the Eastnman Kodak Conpany) printers, portable

It will be appreciated that the upper side 282 of the actuating arm 272 defines a displacement

area 292 that acts on the ink to eject the ink from the ink gjection port 268. The displacement
area 292 is greater than half the area of the ink ejection port 268 but less than twice the area of

the ink ejection port 268. Applicént has found through many thousands of simulations that such
relative dimensions provide optimal performance of the nozzle arrangement 250. Such relative
dimensions have also been found by the Applicant to make the best use of chip real estate,
which is important since chip real estate is very expensive. The dimensions ensure that the
nozzle arrangement 250 provides for minimal thermal mass. Thus, the efficiency of nozzle

arrangement 250 is optimized and sufficient force for the ejection of a drop of ink is ensured.

The presently disclosed ink jet printing technology is potentially suited to a wide range of printing
system including: color and monochrome office printers, short run digital printers, high speed
digital printers, offset press supplemental printers, low cost scanning printers high speed
pagewidth printers, notebook computers with inbuilt pagewidth printers, portable color and
monochrome printers, color and monochrome copiers, color and monochrome facsimile

ichines, combined printer, facsimile and copying machines, label printers, large format plotters,

i



printers for PDAs, wallpaper printers, indoor sign printers, bi2 ﬁb@@'rcﬂﬂ[]ﬁ
printers, fabric printers, camera printers and fault tolerant comerci al
printer arW‘é%”‘”“P T4houl d be appreciated by a person ski | PerfAUznobhe16r t t hat
nunerous variations and/or nodifications my be made to the present
invention as shown in the specific enbod ments w thout departing fromthe
spirit or scope of the invention as broac}Iy descri bed. The present

enbodi ments are, therefore, to be considered in all respects to be
illustrative and not restrictive. WtU4d ZUU4 14:15 1+AA aaobiraz 440 FAA 2
f1l . DT 2ioroBiaph Rufieh0pafiar Haf Alotarlp Al Al 26U pib@hprbrcf el "
jet print Qﬁﬁﬁ chi hat corrprl ses a wafer subs e circurt

posi tione fabfegéslﬁé%ﬁ Fradcemadmf the pagtnzani Kgdaif CoropaniyP printes getadRi S

posi ti one pmg{se r zzl £ ARk ment conpri si.ng
nozzl e chg)%ié}lrSI %I ['s an %:)8?5 Sléflg‘né’ﬁ'&? Orli’lﬁ’ﬁgr S%E%‘t?‘é‘it@s’to
define acmwmm@hmwltmmmmﬂmteﬁmmrt in the roof wall, a

m cro- el ectrongc act.u r that i nnected to the drive C|rCU|try,
the actuator rTfinc “3%;5%3?%“ t\‘?‘ig’Vea ?@?Pﬂeﬁ?“lfead%‘ the; arg ithas inymeros é’a@ﬂilonfée@i/qrt of
a signal fuodificatidng sy b€ nedde i th Preséft AnveRHER a8 SHRMP S utle rr%i ents

di spl aceme% faQe hat acts on ink in the nozzle chanber to e| em% %

i nk from fig° Bhhthp SPIit ofseapeiof thﬂh@\wnmnaiblbeoadb'ndmmheﬂ &Fbe Ipresent
act uat or dﬁf)b(ﬁﬁ%n@ﬁrellﬁ roof wall
so that novenent of thg%?r?{)é\:géte%mn%g%m%gﬁg {]g’rgr%gﬁ @gpﬂﬁfg“&‘fnvfhe
nozzl e chanber to eject the ink fromthe ink ejection port. 2. An ink jet
printhead chip as clained in claim1l wherein the area of the displacenent
surface is between two and ten tinmes the area of the ink ejection port. 3.
An ink jet printhead chip as clained in claim1, in which the novable
menber of each
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actuator defines the roof wall. 4. An ink jet printhead chip as ﬁ%’é‘%ﬂﬁq{]&
claim1, in which each actuator is thermal in the sense thﬁ%ceii‘tr dl%%cﬁaoeé‘
heating circuit that is connected to the drive circuitry, thé
being configured so that, upon heating, the actuator deflects with respect
to the wafer substrate as a result of differential expansion, the
defl ection causing the necessary noveneng, of the novable nenber to eject
ink fromthe ink ejection port. 5. An ink jet printhead that.includes a
plurality of inkjet printhead chips as claimed in claim1. M9l PCT AVMENDED
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We claim:
1. An ink jet printhead chip that comprises
‘awafer substrate,

drive circuitry positioned on the wafer substrate, and
a plurality of nozzle arrangements ﬁositioned on the wafer substrate, each nozzle
arrangement comprising

nozzle chamber walls and a roof wall positioned on the wafer substrate to define
a nozzle chamber and an ink ejéction port in the roof wall,

a micro-electromechanical actuator that is connected o the drive circuitry, the
actuator including a movable member that is displaceable on réceipt of a signal from
the drive circuitry, the movable member defining a displacement surface that acts on
ink in the nozzle chamber to eject the ink from the ink ¢jection port, wherein the
movable member of each actuator defines at least part of the nozzle chamber walls and
roof wall so that movement of the movable member serves to reduce a volume of the

nozzle chamber to eject the ink from the ink ¢jection port.

2, An ink jet printhead chip as claimed in claim | wherein the area of the displacement
surface is between two and ten times the area of the ink ejection port.

3. An ink jet printhead chip as claimed in claim 1, in which the movable member of each

actuator defines the roof wall.

4. An ink jet printhead chip as claimed in claim 1, in which each actuator is thermal in the
sense that it includes a heating circuit that is connected to the drive circuitry, the actuator being
configured so that, upon heating, the actuator deflects with respect to the wafer substrate as a

result of differential expansion, the deflection causing the necessary movement of the movable

member to eject ink from the ink ejection port.

5. An ink jet printhead that includes a plurality of inkjet printhead chips as claimed in

claim 1,
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