WO 03/ 018315 PCT/ AU02/ 00763 1 | NK SUPPLY ARRANGEMENT FOR A PORTABLE | NK
JET PRINTER FIELD OF THE | NVENTION 5 The present invention relates to an
i nk supplwoasoassgenent for supplying ink to a printer. |®rcpasttoroodear, the
present invention relates to an ink disfribution manifold structure for
supplying ink to a portable pagewidth ink jet printhead chip. However, it
wll be appreciated that the invention is not limted to this specific

application i i e 1 T
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In a portable systemutilized for tipRAQTER! of ink flow to an inkjet
printhead, it is necessary to ensure that the printhead continues to
function and receive an ink supply in the presence of novenent of the
printhead due to its portability. Exanples of portable systens 15 include
t he recenfFIBLDIOFTIRETNAUENTEON on Nos. PCT/ AU98/ 00550 and PCT/ AU98/ 00549
filed by the present applicant. For exarrplfy, when utilized in a Gagera
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and 20 effdr%h‘lﬁﬂlyihg 1S toRAscHablepagFidth ink jptaprinitismatiahipy Hoveeveasgewilhes e t he
camera is utilized in a portable manner whil st,eriR\li}ti n%a?(('iBJECT OF THE
PRESENT | afyibciatahthiat thiedneamtionjisrat ligitedrie this srestic IRUEHPAIDEBEi de an
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a portabl Ones or nel'l orates one or nhore di sadvant ages
of thgoprior art or at least offers a useful alternative thereto. In
accordance with a first aspect of the&{!]esent invention, there is provided
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presence of movement of the printhead due to its portability. Examples of portable systems

15  include the recently filed PCT Application Nos. PCT/AU98/00550 and PCT/AU98/00549
filed by the present applicant.
For example, when utilized in a camera system with an internal printer, it is desirable
to provide for proper operation and ink flow and the presence of movement of the portable
camera system. Further, it is desirable to provide for such a system as cheaply and

20 efficiently as possible. This is particularly the case where the camera is utilized in a

portable manner whilst printing.

OBJECT OF THE PRESENT INVENTION
It is an object of the present invention to provide an ink supply arrangement for
25  supplying ink to the printing arrangement of a portable printer that overcomes or
ameliorates one or more disadvantages of the prior art or at least offers a useful alternative
thereto.
Tn accordance with a first aspect of the present invention, there is provided an ink
supply arrangement for supplying ink to the printing arrangement of a portable printer, said
30  ink supply arrangement including:
an ink supply unit including at least one storage chamber for holding ink for supply to

said printing arrangement, said ink supply unit including a series of spaced apart baffles



configured so as to reduce the acceleration of the ink within the unit as
may be induced by novenent of the portable printer, whilst allow ng for

fl ows of wolosessthe printing arrangenent in response to &cTiAm2deand
therefrom Preferably, the ink printingzarrangenent is in the formof a
printhead which is 5 connected directly to an ink supply arrangenent in the
formof an ink supply unit having an ink distribution manifold that

suppl i es {;d}%ﬁrgé} @ RItb ks the@bcadtbli@t 6f the ilowitigapndhings makbe mdppddby
passages for on the printhead. In the preferred form_ the printhead is
an el ongateveagewf didportable prvet, whilg allowinger flpws of ixk toAhs W&Ng supply are

configured to reduce accel eraf.i oa of dttﬁeeignk in a direction along 10 the
| ongi t udi AEINEEREBHIN IBFPOPPROFCHYT HERP AT HEM espondi ng i nk supply unit.

Preferably, tpagl ol SHPRIYpritide £28g8nsfhd heforfi cragtaddnitteisisf or
hol di ng separgfegércg:lglp’or ?é\k% r%r ef e%abl y, the ink storage chanber or
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schemat i cal | y athsipagibred futm), 8t rinziead i5 am dongatepagewidth pintheathehip 20d feg, 2
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Posi 1,00« Floeint bl ¥Bht & 58 pfindhbad MELorRGRIINE iR 6P uniEl Brof@ably, the
illust atesaglnge-a cooll

yer ng process;” Fig. 6 is a top view of an

al i gned ne@zéwpplPmifh®g.a sérisofstaegd clandiers/foeholdingsapapiegold Mszzl e; Fig. 8
is atop view of an aligned nozz{]e; Fi % %R}'Js a secti onaHf Vi ew, %f -l

al i gned nozz| &refegagly, ths 1pk stgrage chargher o champdp 2 OPYLEL TP IAR O FifEti ng an
ink jet nozzle: Fi. i Lonal view of a process on constructing an
ink jet nd@%ﬁc nré%@tugig &%%édé?gnrﬁ%ggﬁnbl\/bchani cal Planarization; Fig. 12
illustrates the steps involved in the preferred enbodi nent in preheating

the ink; WO 03/018315 PCT/ AU02/ 007[_6& ?\lé:ég 13 illustrates the normal
printilig BBEK BgSQ,BIPéIEION OF THE DRAWI \

Notwithstanding any other forms which may fall within the scope of the present
invention, preferred forms of the invention will now be described, by way of example only,
with reference to the accompanying drawings in which:

Fig. 1 illustrates schematically a single ink jet nozzle in a quiescent position;

20 Fig. 2 illustrates schematically a single ink jet nozzle in a firing position,

Fig. 3 illustrates schematically a single ink jet nozzle in a refilling position;

Fig. 4 illustrates a bi-layer cooling process;

Fig. 5 illustrates a single-layer cooling process;

Fig. 6 is a top view of an aligned nozzle;

25 Fig. 7 is a sectional view of an aligned nozzle;

Fig. 8 is a top view of an aligned nozzle;

Fig. 9 is a sectional view of an aligned nozzle;

Fig. 10 is a sectional view of a process on constructing an ink jet nozzle;

Fig. 11 is a sectional view of a process on constructing an ink jet nozzle after

30 Chemical Mechanical Planarization;
Fig. 12 illustrates the steps involved in the preferred embodiment in preheating the

ink;



Fig. 14 illustrates the utilization of a preheating cycle; Fig. 15
illustrates a graph of likely print head operation tenperature; Fig. 16

il lustratwe oaog3aph of |ikely print head operation tenper Curagj02/0&765i g. 17
illustrates one formof driving a print shead for preheating Fig. 18
illustrates a sectional view of a portion of an initial wafer on which an
ink jet nozzle structure is to be fornmed; Fig. 19 illustrates the nmask for
N-wel | procesgj .nP?'r ilfds@ate2fhel ok al praft@s chockiptdyeral view of a portion of the
waf er after N-\%e processing; 10 Fig. 21 illustrates a side perspective
vi ew partly iFRigsktillustrates the wilizgfien oforpiekeatingeycl wel | processing; Fig. 22
illustrates the t.] ve channe k. Fi 23 i1l .sectional view
of the field 5% gé}ﬂqs}rat_es ?ﬁra}ﬂlhlqﬁﬁ(?]gtp&lgaeaéfo graﬁfé?ltst%@é%?tvuge’vi ew partly in
section of a g 1RQ%%L § oRIh&T 1ik&B prinehéhdopesigiodepapirhives; Fig. 25
illustrates tﬁig)g&c;)?y masi; gl?‘:%pg 26 f|§III{ ustr.gtbgjs a sectlpqnal view of the
deposi 4 ed pol Fg. BV glusBtes bheifirmanfakivinga pintheed fa@reheating ew partly in
section of a single nozzle after poly_. depositdon;.. 20 Fi i|l.ustrates
The ne mmsk: Fieg 8 dbpsipien gsectionel Howhta Do o aBurisal Valsr i ok dd R
30 illustrates a si LYSbYigMegartly in section of a single nozzle
after n+ inplant; g’?éle%@&iﬁﬁlustrat eset’he p+ mask; 25 Fig. 32 illustrates
a sectional viFgw1shibwirags theemedkf fec N-wéll pregegsing; npl ant; Fig. 33 illustrates

ol ant | Fi 5. P 2pibusorichescionel vBRraderis . Be gt B8R fufbbfsy
sectiqpal view sBo f jetyi iAGedtioR oF adithle Rbkz8E A NG
contact vi as; ﬁ%g?\{g%gﬁafepgssﬁeﬁgip%%@%i‘gg\pgjél;tsyplecteitve viaevﬁ}/%p%rt ly in section

of a single nozzl e wéll procedapositing ILD 1 and etching contact vias; WO

03/018315 PCT/ AU02/ 00763 4 Fig.,K 37 ll I Li;strat es the Metal 1 mask;
Fig. 22 illustrates the active channel mask;

=

Fig. 23 illustrates a sectional view of the field oxide;
Fig. 24 illustrates a side perspective view partly in section of a single nozzle after
15 field oxide deposition;
Fig. 25 illustrates the poly mask;
Fig. 26 illustrates a sectional view of the deposited poly;
Fig. 27 illustrates a side perspective view partly in section of a single nozzle after poly
deposition;
.20 Fig. 28 illustrates the n+ mask;
Fig. 29 illustrates a sectional view of the n+ implant;
Fig. 30 illustrates a side perspective view partly in section of a single nozzle after n+
implant;
Fig. 31 illustrates the p+ mask;
25 Fig. 32 illustrates a sectional view showing the effect of the p+ implant;
Fig. 33 illustrates a side perspective view partly in section of a single nozzle after p+
implant;
Fig. 34 illustrates the contacts mask;
Fig. 35 illustrates a sectional view showing the effects of depositing ILD 1 and
30 etching contact vias;
Fig. 36 illustrates a side perspective view partly in section of a single nozzle after

depositing ILD 1 and etching contact vias;



Fig. 38 illustrates a sectional view show ng the effect of the netal
deposition of the Metal 1 layer; Fig. 39 illustrates a side perspective

vi ew partwo nisetti on of a single nozzle after 5 netal Pcasgyamzoeicdn; Fig.
40 illustrates the Via 1 mask; Fig. 41 igllustrates a sectional view show ng
the effects of depositing ILD 2 and etching contact vias; Fig. 42
illustrates the Metal 2 mask; 10 Fig. 43 illustrates a sectional view

showi ng the elﬁi%eg-}ﬁlugﬁratg§@ﬁg§\iﬂtgpgnfag@, Metal 2 layer; Fig. 44 illustrates a
side perspectiVe view partly in section of a single nozzle after rrgtal 2

deposi tion; Frig,. 38\Bluirites s satienaltiew vhewing thesifectpithe atal|deprsition efdhe
sectional view show ng]i the effects of depositing ILD 3 and 15 etching
contact vias; Fig. Metak 1 layek r ates the Metal 3 mask: Fi g. 48 illustrates a

sectional Vi CieSioMIRbDE B hERbERE VAPARIY iNGkcibR olBbimglchdzalalier H g
(Y

49 il lustrates®a si per spec view partly in section of a single nozzle
after snmetal 3 depasdial lodepogiioh g. 50 illustrates the Via 3 mask; Fig. 51

illustrates a sectional view showi ng the effects of depositing passivation
oxi de and ni Fig d@illnstrates thei Wig bpa¥s Fig. 52 illustrates a side perspective

view partly i secti ' JemRpbiiting IR shyat i on

oxi de and ni tF]Igdg‘fg%ug{}g@%ﬁ?%c,gio\ﬁ}lﬂfa\g?\ﬂ%«%\l&?ngéﬁ%?f?cltl ustr at esgt he heater mask;
Fig. 54 illustratestéhiseedntanalasyi ew showi ng the effect of depositing the
heater titanium nitride |ayer; Fig. 55 illustrates a side perspective view
partly in secFigma2dlustrates the Metb2 M4Kaft er depositing the heater titanium

E: Br i gg : ?Yﬁ; ﬁgitgg éFlill%tragég a! sleéti‘q%taf ﬁ%@%hﬁ@ﬁﬁg& H@LQE of dpBHEng ENABRRL MyeiTBSK;

a sectional view showmng the effect of depositing the
act uat or gl asgjs anqieatsaciqgesgective Vitwpadiyinisectionef afsingle eazzlsi afgr WO
03/ 018315 PCT/ 2/ 00763 5 Fig. 58 illustrates a side perspective view
partly in section obetal 3depstionszzl e after

Fig. 45 illustrates the Via 2 mask;
Fig. 46 illustrates a sectional view showing the effects of depositing ILD 3 and
15 etching contact vias;
Fig. 47 illustrates the Metal 3 mask;
Fig. 48 illustrates a sectional view showing the effects of depositing the Metal 3 layer;
Fig. 49 illustrates a side perspective view partly in section of a single nozzle after
metal 3 deposition;
20 Fig. 50 illustrates the Via 3 mask;
Fig. 51 illustrates a sectional view showing the effects of depositing passivation oxide
and nitride and etching vias;
Fig. 52 illustrates a side perspective view partly in section of a single nozzle after
depositing passivation oxide and nitride and etching vias;
25 . Fig. 53 illustrates the heater mask;
Fig. 54 illustrates a sectional view showing the effect of depositing the heater titanium
nitride layer;
Fig. 55 illustrates a side perspective view partly in section of a single nozzle after
depositing the heater titanium nitride layer;
30 Fig. 56 illustrates the actuator / bend compensator mask;
Fig. 57 illustrates a sectional view showing the effect of depositing the actuator glass

and bend compensator titanium nitride after etching;



depositing and etching the actuator glass and bend conpensator titanium
nitride layers; Fig. 59 illustrates the nozzle mask; 5 Fig. 60 illustrates
a secti omab osiosss1show ng the effect of the depositing of Pha/A®aneicsi ci al

| ayer and etching the nozzles; Fig. 61 ikllustrates a side perspective view
partly in section of a single nozzle after depositing and initial etching
the sacrificial layer; Fig. 62 illustrates the nozzle chanber nmask; 10 Fig.
63 illustrat ' M ' 1etchedor bbatiasle nonzle hfter
sacrifici al %§%$%%§Q§%%ﬁ%?#32@¥ ggﬂaﬁfg ge per specti v% view partly in
section of a singl depssitiigeanafetehing thamctvetor glaghindgpeal cORPERANT YR | ayer ;
Fig. 65 illustrates_a sectional view showi ng the deposited |ayer of the
nozzl e chamber 15%F1F£%Ye¥sig. 66 illustrates a side perspective view
partly in sectio i aal . after further deposition of the
nozzl e chanbgfrqlg\‘/\g? ﬁélsgit?égﬁgé@z?el%@gtﬁr ates a sectional view show ng the
process of creats0gsehts akégiona view shdveing tiss effecOnithe deposiingiibe al

Pl anari zation (CWP); 20 Fig. 68._i lLiUSt rates a side perspective view partly
in section of a si nateicigAayes apd pleping BINWBEIEhe nozzl e chanber wall's; Fig.

hank: *Fi g, P T RTisiRAs astepliRaatfe i DRy of oo e et

bl ank; Fig. et mask; Fig. 71 illustrates a
sectional view showepesitifgamt itiad gtchingyhosactificiablayer, fi cial | ayers; 25 Fig.
72 illustrates a side perspective view partly in section of a single nozzle

after et chi nfigafAylustraten ghesppzelerchamber Maffers: Fig. 73 illustrates a side
perspective view t i I f i ambefdifthe RE6fHtIAD awnay
P SRR T SchOr gt ataf

of thd%sacrifity S "taken erent section line; Fig. 74
illustrates a sectijgpadl view showing a nozzle filled with ink; 30 Fig. 75
illustrates a side perspective view partl

) ] tly if.sectjon of .a.sin Jgefpgzzle
ej ecting i nkFigiod illueratesiaside parwectivesiai patlydn Seetionof a5igls OZg f' for a
single nozzle; WO 03/018315 .6 Fig. 77 illustrates a CMOS
ﬁlgggroeiél}lgg gﬂh’é‘@&ff&@% ®Rer: g

i npl enentation of t ogic o i ngl e nozzl e;
Fig. 65 illustrates a sectional view showing the deposited layer of the nozzle chamber

15 walls;
Fig. 66 illustrates a side perspective view partly in section of a single nozzle after
further deposition of the nozzle chamber walls;
Fig. 67 illustrates a sectional view showing the process of creating self aligned
nozzles using Chemical Mechanical Planarization (CMP);
20 Fig. 68 illustrates a side perspective view partly in section of a single nozzle after
CMP of the nozzle chamber walls;
Fig. 69 illustrates a sectional view showing the nozzle mounted on a wafer blank;
Fig. 70 illustrates the back etch inlet mask;
Fig. 71 illustrates a sectional view showing the etching away of the sacrificial layers;
25 Fig. 72 illustrates a side perspective view partly in section of a single nozzle after
etching away of the sacrificial layers;
Fig. 73 illustrates a side perspective view partly in section of a single nozzle after
etching away of the sacrificial layers taken along a different section line;
Fig. 74 illustrates a sectional view showing a nozzle filled with ink;
30 Fig. 75 illustrates a side perspective view partly in section of a single nozzle ejecting
ink;

Fig. 76 illustrates a schematic of the control logic for a single nozzle;



Fig. 78 illustrates a | egend or key of the various layers utilized in the
descri bed CMOS/ MEMS inplenentation; Fig. 79 illustrates the CMOS | evel s up
to the powpoBewssiy 5 Fig. 80 illustrates the CMOS | evel s mpTtAwohereset al 1
level; Fig. 81 illustrates the CMOS leygels up to the netal 2 level; Fig.
82 illustrates the CMOS levels up to the netal 3 level; Fig. 83 illustrates
the CMOS and MEMS | evels up to the MEMS heater level; Fig. 84 illustrates
the Actuator Sarphifhi@sl 3 CMOSitlplefiRnialibhist fialoBhtrdl lefiderl Ralroutizles part|y
in section of portion of an ink jet head, Fig. 86 Illustrates an

enl ar ged vi evFigf 7®ilkistiatepe tegped o1 kay qf ahea Yarious layeestutidigedin thedescribeth  of an
ink jet head; Fig. 87 illu gatels a nunber of layers fornmed in the
construction of a &MF@@'I@?& URRIEIREYALON 15 Fig. 88 illustrates a portion of
t he back surface Sy ev@f er ink supply channels;
Fig. 89 ill usﬁfgazgglu?ﬁgggﬁeangerrelg{th%?ﬁts&edgérrgg% in a print head; Fig. 90

i | lustg ates sphesmilisahiey the GVIOS levgiodp tuthberatdl Iblpvéll ring order; Fig. 91
illustrates schematically a si r(%l e pod nu%gereggr#)lé |.ogi cal order; 20 Fig.
92 i1 ustr at eBigs8halstrpiehtheyCM 'lﬁﬁfﬁ%uﬂq - Vel ng one pod of each
color; Fig. 93 Ll éﬁbﬁnﬁ ' ' odgroup containing 10
tripods; Fi g.%@lh# fl}{ﬁér%@g es sc en%%llggg:t(lygl,@n?éﬁggjr%rgfi onshi p between
segnents, fir g evpusaars e CMOSsandVBEMDEvels upso the MEMS besterdgvelior  AEnabl e

and BEnabl e during a typical print cycle, 25 Fig. 96 illustrates an

expl oded per sﬁ@;ﬁgwsﬁﬁ‘@ﬁ/ﬂ&%tﬁ@q%@Pﬁi?‘éﬁli on of a print head into an ink
channel ol di ng, .t ve! f skbddiSdf Al RBoRoBaiak RRMSRECt i ve
Vi ew 69;1rt ly i ﬁ%gﬁ?@gﬁ%ﬁ}[}dﬁeﬁ%@ nefygim)sl di ng %}Jpport str u&ﬁz)é?ure'; Fig.
98 illustrat egg)ga 86 iillatars apeskiged vdveof pside pyrspective pritkyrin séction of B portia |
unit, print 30 head and platen; and Fig. 99 illustrates a side perspective
view 'of a print roqual.mnlﬂetbﬁﬁqﬁt head and platen; Fig. 100 illustrates a

S1 do expl 0ded HOLIRELIKS HhRKPbe vl Fondath theehbueudton o 284 cand VO

03/ 018315 PCT
actuators;

15 Fig. 88 illustrates a portion of the back surface of a wafer showing the through wafer
ink supply channels;
Fig. 89 illustrates the arrangement of segments in a print head;
Fig. 90 illustrates schematically a single pod numbered by firing order;
Fig. 91 illustrates schematically a single pod numbered by logical order;
20 Fig. 92 illustrates schematically a single tripod containing one pod of each color;
Fig. 93 illustrates schematically a single podgroup containing 10 tripods;
Fig. 94 illustrates schematically, the relationship between segments, firegroups and
tripods;
Fig. 95 illustrates clocking for AEnable and BEnable during a typical print cycle;
25 Fig. 96 illustrates an exploded perspective view of the incorporation of a print head
into an ink channel molding support structure;
Fig. 97 illustrates a side perspective view partly in section of the ink channel molding
support structure;
Fig. 98 illustrates a side perspective view partly in section of a print roll unit, print
30 head and platen; and
Fig. 99 illustrates a side perspective view of a print roll unit, print head and platen;

Fig. 100 illustrates a side exploded perspective view of a print roll unit, print head and



Fig. 101 is an enlarged perspective part view illustrating the attachnment
of a print head to an ink distribution manifold as shown in Figures 96 and
97; Fig. WO2d3jokd3ust rat es an opened out plan view of the orCErAt®2NO®3de of
the tape 5 automated bonded fil mshown4n Figure 97; and Fig. 103
illustrates the reverse side of the opened out tape automated bonded film
shown in Fig. 102. Description of Preferred and O her Enbodi nents The
preferred enbodi meriﬁatér? a 1600 dpi nodul ar nmonolithic print head suitable
for 10 incorporation I’'nto a w de variety of page width printers and in

pri nt - on- denaRg. tEINBRA enfayseddapesspediine [t view ildestrarigg themtiachment obg PHBhNs of

M cr o- El ectro- Mechani cal - Systens, ( MENS). chnol ogy . whi ¢ fers to
nechani cal systens hﬁaﬁﬂqafblﬁktdﬁéﬂ?ﬁt’@f“dﬂa"é@i‘féﬁ Q{?&Tg;ﬁlli}gur Ssélénén%t%(’ihnol ogi es
devel oped forgin ik Gitnkd HROSIAE Helwosk thésulRASs kideif 8@, 10RO nozzl es
are required F{ H?g@gﬁﬁg‘%ﬂ%@%ﬂot&%r aphic quality 15 page w %?ﬁ printer,

i ntegration of the adtdmRedbankd ditinchown it Figusa®® aoli p as the print head is
essential to achieve |low cost. Integratjon all,ows the nu r, of r nal
connect i ons t big k@3 illnsirates hedeverss &Iéh%%%}‘efir%‘magf:&ﬂl}%l ,Q?Bee(ﬁéfrgr ound
100. To provide the,driver ekggtronics, the preferred enbodi nent integrates
CMOS logic and dri \)sgg‘fvpéﬁgllgtlg%s on the sanme wafer as the MEMS nozzl es.
MEMS has several mmjor advantages over other 20 manufacturing techni ques:
mechani calpeg@ifjtionof Pesfetied imd OthemEmbodimentisi ons and accuracy on the micron
scale; mlli %@g P%&é‘%f%ﬁtﬁ}&ﬁhﬂﬁ%ﬁ@@ flﬁ%o&lﬁar”iﬁ@ﬁolﬁhﬁlﬁn' hapeAusltible @t t he
sanme silicon Per e an € nechani cal” devi ces can incorporate

el ect neni GscorpRatiditintors Widehiibtyofipage Widihl brinterusekintpeineon-demandiedme®y pri nt
heads made according to the preferred e%ﬁﬁimﬂﬁl ‘gf iﬁ i.in#gnttgon.

Oper at i ng sPtems The@tmpbeasyis fabricated ExHsan FArHIEI G EREIRH PP YA on of a
thermal Iy ed LS, L3 mdchatibill dy&Rehs b1t bhe Shibfisedle Afsubimy.
The nozzl é@gﬁi)tg&l}or(ﬁ mgé&@f&hﬁaer?éec?ﬁon SJ(‘)/ccur'ss 30 includes a thin %zzl e
ri m ar oungsuitsdhnalogiek ldesdopaitos mueprated tiocuiefibridativozzl e rimis formed
utilizing a self al |g£{agé; deposition nmech p referred .enboldi ment

al so i ncl udedAsthered %Mleﬁ@&clﬁﬂ%‘rﬁf Olésapfpggggip‘gé‘P AOEBRME NN o und

the ink ej ection nozzle WO.03/ 018318 PETLALNRLAOTEImedHEENLE Brihiidai | ¥
to Fig> 1R%&® ﬁl‘gh Pg?gef’ﬁgtreégﬁgﬁI&%% nO\?Veli:gl’!l;I{ £ a%l y expl ai nielﬂc; t heg'oper ation
essential to achieve low cost. Integration allows the number of external connections to the

print head to be reduced from around 50,000 to around 100. To provide the drive
electronics, the preferred embodiment integrates CMOS logic and drive transistors on the
_ same wafer as the MEMS nozzles. MEMS has several major advantages over other
20  manufacturing techniques:
mechanical devices can be built with dimensions and accuracy on the micron scale;
millions of mechanical devices can be made simultaneously, on the same silicon
wafer; and
the mechanical devices can incorporate electronics.
25 Theterm “IJ46 print head” is used herein to identify print heads made according to the

preferred embodiment of this invention.

Operating Principle
The preferred embodiment relies on the utilization of a thermally actuated lever arm which

is utilized for the ejection of ink. The nozzle chamber from which ink ejection occurs
30  includes a thin nozzle rim around which a surface meniscus is formed. A nozzle rim is
formed utilizing a self aligning deposition mechanism. The preferred embodiment also

includes the advantageous feature of a flood prevention rim around the ink ejection nozzle.



of principles of the ink jet print head of the preferred enbodinent. In
Fig. 1, there is illustrated a single nozzle arrangenent 1 which includes
a nozzl e whanbet312 which is supplied via an ink supply chramngio280%® as to
forma nmeniscus 4 around a nozzle rim5.g A5 thermal actuator nechanism 6
is provided and includes an end paddle 7 which can be a circular form The
paddle 7 is attached to an actuator arm 8 which pivots-at a post 9. The
actuator arm @,inel; i . 30thedelwitfbheChbvairetidl thifedahe eperation
conductive na?gﬁ%lﬂﬁﬁdgl\yﬁﬁglééqﬁiggﬁg g’etghr ee of sti ff.neslsy,rdx?uch as taﬁ)tani um
nitride. Fhgritwopleont thayek el friftdend ofithe poefoued ¢mbodimestuiln Rigitlethestiiect ed to

t 9 d furth i | ud t hi d ti t.he, 1 9. '
Ponce, andhshaed mrinele RiICHEnENPUL v hics 50es foa B Enarpbe 2 mBRls 07 | ayer
is heated I LOe AliGR sﬁ@lﬁgffﬂﬁlq € ROBodn a Wdnieus 4 blfinB @alok#18 rint Be A wo

| ayers 10, are 1nt bal ance with one another. The heating of the
bot t om; | ayREmiacttEasedhhrisoMesgirdvidatinddndndessnieadipaddle 7twhiplepin bomer al |y

upwar ds and hence paddle 7 as indicated in Fig. nder goes .a rapi pwar d
novenent . cireidary fopnd Thewaddle %%@%h?gwq‘?tqr%r‘éé Wﬁ’fgé’é\g’ S %Qtr?pfé priéll%é;ur e
around the rim?5 I, I Xpas ddegvépiatesiaus 4 as
ink fl om@CtBBttogﬁlal\é\@t"ﬁégu%eﬁzﬁ%g%&@h% 1gon (gg%riegn toﬁcﬁgagg{lt omVI ayer 10 is
t hen tur ngdviahh hsitdddie ofatituedsosuchramtifanias nittitlesThabestbm tyel 1) fosmpegi ns to

return to its quiescent position. The retlf"rﬂ}e results in a movenent ,of the
paddl e 7 icanduciyamieritintareanmesienh to nast 2 apg fyrher! p ¢ dhippedportion Agat,

sucki ng back of & i n r 3R 4o NREB&keH fshe

i nk ZGgouteg Bgsttghgl$ ?{lggﬁp%n%%&gno%?ﬁlgégﬁﬁgs%%ethglggt&é\%r %Em)mant um of ?;ﬁre Si nk
Wi thin t heefed 7l B abdaaidiREnt RS pbdtS. iWithoul tiephebtinpehatyd byered0abl areiesul t of

a necking and breaking of the neniscus, 4. %gbsetgmtlly, due ttﬁl surface
t ension eftherorbbalancsswith pre snothesc ke heatingjof the baj YeinkOo C3YSES ]G DYPY
chanmber 2 fromthe, ink I ' ARk sd B ed
crbod: mentchad: seniep S Petd EHRMIE yoiard ndIRBEGHRI Pl blRaRB B 2

af or ement i gaedobad AR MSvaH ridvemeay eTheli@pidiipwafhmovtmbitzesulio m af inareaseigond
layer 11 allows for nore efficient thermal operation &1 t he, athPat.o devi ce
6. Fuist hgmesstiecarownsl thagiar 5 Bihéghaeswis i A ganeral expansien Ol BCRISEUST 85 WSt a

probl em up %glﬁégggﬁrogg@g 0 FRMERRHSo i RIERYal ek Rntiifed blfghiod

of peelin I'S1s TllTustrated in Fig. 4 and Fig.

In Fig. 4,85, a0aMetriBe inFiecessgind todetin reitofiiesentpositinh. Ie sgtmat or
arm havi ng two bal anced material |ayers 20, 21 surrounding a ce

| r al
materi al |mydts in 2200VEmentolohe paddie ddes downmard diregtien bRIs ik B BTEG I &/ e
| ayers 20, 21 ually resulti. in st abi fd i hadink, a
et i - actnard ik sk ShifeaRf o Bad tedielller VAR MR Rnuld oF i ink
PCT/ AUQR/ 0Q#83e 112 5218 hPWiti PRI the Batliwigd afohentumofifhedhkiwithintthenogrber | ayer

20 is going to bend with respect . _
chamber results in a drop 14 being formed as a result of a necking and breaking of the

meniscus 4. Subsequently, due to surface tension effects across the meniscus 4, ink is
drawn into the nozzle chamber 2 from the ink supply channel 3.
The operation of the preferred embodiment has a number of significant features.

25  Firstly, there is the aforementioned balancing of the layer 10, 11. The utilization of a
second layer 11 allows for more efficient thefmal operation of the actuator device 6.
Further, the two layer operation ensures thermal stresses are not a problem upon cooling
during manufacture, thereby reducing the likelihood of peeling during fabrication. This is
illustrated in Fig. 4 and Fig. 5. In Fig. 4, there is shown the process of cooling off a thermal

30  actuator arm having two balanced material layers 20, 21 surrounding a central material layer
22. The cooling process affects each of the conductive layers 20, 21 equally resulting in a

stable configuration. In Fig. 5, a thermal actuator arm having only one conductive layer 20



to the central layer 22. This is likely to cause problens due to the
instability of the final arrangenent and variations and thi ckness of
various |wopas®issi ch will result in different degrees of PoeEmdiongo7es
Further, the arrangenent described with peference to Figs. 1 to 3 includes
an ink jet spreading prevention rim25 (Fig. 1) which is constructed so as
to provide for a pit 26 around the nozzle rim5. Any ink which should fl ow
out si de ofastshewROTPLR chbifighafies nIRORLAkd, Yhe Wiped Biyen2( Rigoirighte bphd wh respecind
the rimand therebf/ prevented fromflow ng across the surface of the ink
jet print todheicentrel kaygn22e Mdiinig likebrtarress. pratiems due wrihe irstrbiliy of the fmabar | v

10 in Fig. 11 Further. the nozzle ri. i eption ri
25 ar et orePE gt OGRS bR FILER AR L T

Thi s arranggpRebf Beiike understood by reference to Fig. 6 to Fig. 9.
| deal ly, an’ink ejection nozzle rimis highly symetrical in formas
i | lustrsated atF@thef,theimpangememhdeserited;ith tearense ta Figsi hihd gisludes aginkaet ri m

is desirable 15 when it isS L] t .ect ink. ex e, i i g.,.7 there
is illust rs&{c@ém& HEPWUBB%%@& @d”eﬁl'f: ﬁrﬁogéiﬁcgﬁ%rdsﬁrqsﬁgg{%édenféﬁg?ﬁgz 6and
breaki ng p4B&&EHe ndPAe RAEKI Y ARGIREILHOURIIIRY BERRR Jf ShenozRledin S48 SbridraBy
one, conplex chaotic forces being involved. Should standard Iithography be
utilized teaugirwithihéhapiz 26 eroundhe rimjagd thekehiyypreveated: fram flogimsadress tae
symmetry of fhe rim.can onl e guaranteed to.withi.n a certain degree_ of
variation % aﬁ"ceétlrhﬂé‘ﬂ%@t W‘Ptﬂyeﬁaén‘gﬁlﬁuﬂ%%?%ﬁfo@' %%@gﬁﬂeﬁ‘i czagga_e%gﬁg may
result,gn %eﬂg{j:- tipn of the rimas illustrated at 35 in Fig. 8. The rim
eads

variation a 0 a non-symmetrical rim35 as illustrated in Fig. 8. This
variation is |Fitley, thonozlsemg ol iskspmadpreventivinmim 25 draofoiraed viRlpeugiqusbl em
is illustrated in ig. .9.wherejn the. neniscus 36 creeps.alo t he surface
37 where t @?W@Eﬂg?*’dip}?@af%at’é’m Y& HSATHNSTHT CB’%EEPT‘%?ftﬂO‘iRy ej ected
drop |ikel i A2 61b BED, YALIPNEEInk RjedlisiLAoIA kiR is hidhlyedyRfhétABal thn the
preferred %eéﬁ%gncﬁa?%n%ga tog‘ti)%er comﬁi hié1 er 06| em a sel11§ %ﬁi}gdni ng chaerlri cal
mechani cal fopinas dilistrateiden 30 GVP)g. 6 e Thebgliztion ofinithin beghly vegelanim isidesirable

illustration of .this technjque wll _ now.be_discussed wiwth.reference to
F o 16 | Wb 15 SIS to HESURk oFgh Pl ey T 1Byl b belg S

which is degos)t i ol bfdaRingl AYEEs. 4B kil BrodR AR ol lsay er
42 shown iﬁ&gl%altgggirug{lggﬁﬁeﬁnﬁ%'ﬁhg sacrqgfpi?%:(i asl' | ayer isgafi rgt de&%(s)i tseo? and
et ched so high sémitfveraneaconplex kliaotio forcebatnyinivel vedy 8howl@ stahdard litho gy bet ed

over all surfaces conformally. I @gl tlternative manuf act uri rocess, a
3 i

further saBilizedds frmnihe ap74le rirrayeig Ii thedg gL ATy PTRFTSHY £§ Y im can
PCT/ A2/ 00103 ghQan®Bd IPRithh o fafdQfesled df F4S4tichan accordance with the

20 - lithographic process utilized. This may result in a variation of the rim as illustrated at 35 in

Fig. 8. The rim variation leads to a non-symmetrical rim 35 as illustrated in Fig. 8. This

variation is likely to cause problems when forming a droplet. The problem is illustrated in

Fig. 9 wherein the meniscus 36 creeps along the surface 37 where the rim is bulging to a

greater width. This results in an ejected drop likely to have a higher variance in direction of
25  ejection.

In the preferred embodiment, to overcome this problem, a self aligning chemical
mechanical planarization (CMP) technique is utilized. A simplified illustration of this
technique will now be discussed with reference to Fig. 10. In Fig. 10, there is illustrated a
silicon substrate 40 upon which is deposited a first sacrificial layer 41 and a thin nozzle

30  layer 42 shown in exaggerated form. The sacrificial layer is first deposited and etched so as
to form a “blank” for the nozzle layer 42 which is deposited over all surfaces conformally.

In an alternative manufacturing process, a further sacrificial material layer can be deposited



Next, the critical step is to chemically nechanically planarize the nozzle
| ayer and sacrificial |ayers dowmnm to a first |level eg. 44. The chem cal
mechani cavopBamsisd zati on process acts to effectively "chepTeftfo2/oete top

| ayers down to | evel 44. Through the 5 wtilization of conformal deposition,
a regular rimis produced. The result, after chem cal mechanical

pl anarization, is illustrated schematically in Fig. 11. The description of

the prefeyr efRodLEMver ¥l | now proceed by first describing an ink jet
pr eheat i ﬁ{gntg 8p pref erabyI%§/ utilized in the 1J46 device. Ink Preheating 10
t

In the pref er¥ext, therodiéaisiep is wrchemicaly ermshanieajlynlagirize thenazziedayes andis "t o

bring the tenperature of the print ad. aryan bt 0 a
pr_ed_eterrﬁa?@@m%ld@f?_as. fl‘T‘ﬁ%t%"l‘ _Effé%_vﬁf?g' P‘geghgféeﬁ%lﬁ?%hgﬁggﬁ?ﬂ%?ﬁ@ln Fig. 12.
Initiallyy, égﬁa&?@ esffé&ﬂvélg “bl'iﬁdiéf?t fhe Y0P laly&s idBGn e TevieB44. MBleugh the02. Before
any pri ntl? ng has begun, the current tenperature of the print head is
sensed t ontiehesmbiwnidratahdepdsitionsa elgolae rim isrpsediiced. nTheesulhraiieneheanical;  he

heated 15 tenperature i s tQo._] ow, reheat. cycl.e .104 i s applied which
heat s thelnmhaﬁlcamﬁmtl%ésn’éfus%?te‘ﬂ%‘g‘lepﬁﬂc IWéXﬁ%rl | actuators to be above

a predet er m L 3y W BrdcesDBy Bistbeschibim
?@'gaecgegér}gﬁao% d:i'f the ngrfefe‘i’l%ﬁ c@idolmentSRHAENSW Br By fifsudeschBig an

achieved a p tenperature, the normal print cycle 105 has
begun. Thgkydtipréhzatingstep prefdreblpuelieat inrthe Fegeviod results in a general
reduction in possible 20 variation in factors such as viscosity etc.
allowing for_a narrower operating range of the device and, the utilization
of | ower tighergies in ink ejection. The preheating step can take a
nunbero of di f hahepiefdramdnmnbodheere, athiakipnéheafiestemis utidiaed seas t9 bsngahe her mal

bend act uator t it woul d L i i es. of
st r ot BaRerstb gt theprile rec HEmEpRes: e sv ik piapisrpiig CHU R R R el
110 of 2 eRiRasReHRiaOPe: fdi'ﬁlﬁgfgﬁ?z BRVAY, i@ detieivhds el alpriatiag g or

ej ection. usStrated in , enit is desired to provide_ for
pr eheat i ngadapaln?l Befes any phatieg basrbelgen, ghooircad tanhpesaigls of e Rrint Iheadisi on of

a series of shorter pulses eq.. 111 whic whi | roy] di t her,mal ener

to the pr smxsem@a%f}emlgnq wh@h@rﬁh@@%@}/&é%p{egﬁtegpm{iﬁig'ﬂgwwr ?%&%tlﬁ%t%di nk ej ec'? iyon
nozzl 30 Fi i | lust i #iftheh@®

‘ errpe?%lt u?eénpc?gart}lrr%\gs {(gopll&?hé ?‘fﬁ:géatgzgcl@ﬁ@m Sphid@Rhidf hdai@hdptiiheB@BY means

eration. "Assum ng the print head has been
idle for afBediak atthaimaeciuedob teiabbye 4 hedpeimined tesapgratarend opeaken.
initially 115, wll be the anbient te eratgre. When 'tt i s desi r%d 1%?0
print, WOOUSE OrgemperpaTy Msoehisyeds prefeteqnined fRIaperayies the IOFRRLPTRY: CF1g 109 )
i s execut %d guch that the tenperature rises as shown at
as begun.
The utilization of the preheating step 104 results in a general reduction in possible
20  variation in factors such as viscosity etc. allowing for a narrower operating range of the
device and, the utilization of lower thermal energies in ink ejection.
The preheating step can take a number of different forms. Where the ink ejection
device is of a thermal bend actuator type, it would normally receive a series of clock pulse
as illustrated in Fig. 13 with the ejection of ink requiring a clock pulses 110 of a
25  predetermined thickness so as to provide enough energy for ejection.
As illustrated in Fig. 14, when it is desired to provide for preheating capabilities,
these can be provided through the utilization of a series of shorter pulses eg. 111 which
whilst providing thermal energy to the print head, fail to cause ejection of the ink from the
ink ejection nozzle.
30 Fig. 16 illustrates an example graph of the print head temperature during a printing

operation. Assuming the print head has been idle for a substantial period of time, the print

head temperature, initially 115, will be the ambient temperature. When it is desired to print,



116 to an operational tenperature T2 at 117, at which point printing can
begin and the tenperature left to fluctuate in accordance w th usage
requi r enewo3/0M3ternately, as illustrated in Fig. 16, thePpmiAti02/lemsl
tenperature can be continuously 5 nonigipred such that should the
tenperature fall below a threshold eg. 120, a series of preheating cycles
are injected into the printing process so as to increase the tenperature to
121, abQVe?pl%hﬁitﬁg%@r(%ﬁ BEFLN 1 2518 ek SbutedSauiHAG tHehempbetktues fisds a8 shdvasat
properties substantially simlar to that of water, the wutilization of the
pr eheat i nylGtoeyp oparativakldemperantada abl 1% pewbich ot Oriafing canchegt 36H{Be | n i nk
10 viscosity with terrptirature. 0] courSﬁg ot her oI%Ienreg{si onal factors nmay be
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for advant ageghgmefel el Alushiich HEFigY 16 QRS it EBARGTrbicianbaughtigously
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tenperature and the equiljbriumtenperature of the print he i
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accor danc i { Ient tenperature so as to provide for

opt i nmal rg%imaﬂs;\.'e %ﬁrgﬁﬁgﬁg@%g?ﬁgﬁoﬁal schematic is illustrated in Fig. 17
w th the prinAshesidg @0nkiunitiredhasproperies-sobstantiadlysinedargp thas epwetst.(he
sensors which are connected to a tepperature eterm nati.on unit .1 for
det er mi ni Helizasien of theaehaating &teR Cap @ﬂgﬁ?@’i‘tqgﬁ qﬂ“ﬁrﬁ“&ﬁ?&?ﬁﬁf%‘a‘% e lﬂgnl nk

ej ection drive uni Erﬁ,% L.C 8D pRBLAA Fad6R Mea B oriBcane and fhed at
any pé ti (Y{JSF%?WLS@Q&S. a\éﬁyghbg%?%ﬁ%’p%r@ﬁt phead) t%nperature sensors can be
si npl e VEMBbilisataabatiievwee tagpesatutcrengeqrevidescior edvantagapisoiifects. vl the known
to those skilled in the art. WO 03/018315 Pﬂ/ @UOZ/ 076% tit% Naiufgec&:.lri ng
Process | Yieosishargomayillf enging teraperpuie JEqQuid, be Badry sHosnt dRaHs IOl

st andar d QVSS oy ' d, b REGAPbNEepch@8@ ipdn theaniBir i al s
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i N conmDn td4fgeritare AN equiliesahnegnpdratufe dfftke pristfhend duriegpaatingeperatione onl y
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ldeally, to fit corr Jo rl ' its between the nozzles w thout

i ncreasi néergﬂ?rﬁtuﬁerSé’aagstgg’ﬂogj“ﬁnl?fr??r?her%ﬁglrcﬂc?%g{sé's is a 0.5 mcron, one poly, 3
netal CMOS pr acggiplebpdiattindNicheiaticritithdteadd iafFig. Howeitethe paimyherdridOadvanced
process can be used instead. Alternatively, 10 NMOS, bi‘%ol ar ,

A Bi CMOS, or
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20  ink ejection drive unit 132 which determines whether preheating is required at any
particular stage. The on-chip (print head) temperature sensors can be simple MEMS

temperature sensors, the construction of which is well known to those skilled in the art.



capacity. For a 100 mm photographic print head using the CW process col or
nodel , the CMOS process inplenents a sinple circuit consisting of 19,200
st ages ofwehBis3negi ster, 15 19,200 bits of transfer regi PCEAUV02007800

enabl e gates, and 19,200 drive transistg@ss. There are also sone cl ock
buffers and enabl e decoders. The cl ock speed of a photo print head is only
3.8 MHz, and a 30 ppm A4 print head is only 14 MHz, so the CMOS perfornance

i s not cMatnh.g%{mngﬁogypS process is fully conpleted, including

passi vati on ai peni ng of bond ads befo t he VB pro j UEE
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sequences for the manufacture of | J46 pr.int 5 The..prqQcess
sequende deprefered epbpdiment.he apfy iﬂEMg:dEﬁEF?lé 'aregﬁgéiKPcé%sﬁ’ S(Pal;tgﬁflﬁ)cﬁﬁ’- Sl
CMOS proc k1L “ﬁﬁﬂ Gl RivgnihaRl, @r 6itet afsialshe
reasons fgfsg%%ﬁr%ﬁn%?t&?#e( c oi%@gﬁggdﬁme’hﬁgﬁiﬁg?gl' pr ocess,rto_ make iatlp
easi er t olgellelwifeoirbeoatingarivetiraniis beawdcarthanoardespridous ncrhsing eBip W,

03/ 018315 PCT/ AU02/ 00763 13 _ Nom nal Pr ocessﬁﬂf&wg CMOS Wd?e)lHavai |ability
0.5 ni cr oheominimym Proeesgicd B MISTMNGRG PAY 3 1He PEOCEFS N SRR | o

t he actuators,. ' ] R8sted OWIte ARt vaIy el |

Per f or rrané%et%%zaﬁ?lg‘r%an‘g\ée\%p’i asglrrné)gr} ég?%gé%%lﬁ?& % trc\g%\ggl-l%:eﬁansrﬁeel tr ansilg%ﬂgr s 6"
waf er s oM NV, Bipatirj BEIMOS! ordthenpnodeistds intayrirel used. HEMES i3 repomyesinded only| ayer

2 poly layers are not required, as there is little |low curre ctivity
3 netal | #peteitypreyaisproiniheindusiey, apd e bilijy Oﬁr@’zf%? argouRty 8{'@]}@8?%@8
sacrificial structures Al um num net al i zati on Low cost, standard for 0.5

m cron pr(%%%céé"s (copper may be nore efficient) Msk Summary Mask # Mask
Not es Type Patioehn0@nu@phbgtiphiclprivt hedd usiigihe CMIY ginocess enlorimadel Xhact i ve

I ncl udes nozzl e chanber CMOS 2 Dark N-Vell 1m % gglg CMCS 3 l'})%ar k. Active
0.5 m 4 NMOYgsoeespapRlemsnts asimple circuit consisting o 19,200 stages of shuft register,

15 19,200 bits of transfer register, 19,200 enable gates, and 19,200 drive transistors. There are

also some clock buffers and enable decoders. The clock speed of a photo print head is only
3.8 MHz, and a 30 ppm A4 print head is only 14 MHz, so the CMOS performance is not
critical. The CMOS process is fully completed, including passivation and opening of bond
pads before the MEMS processing begins. This allows the CMOS processing to be

20  completed in a standard CMOS fab, with the MEMS processing being performed in a

separate facility.

Reasons for Process Choices
Tt will be understood from those skilled in the art of manufacture of MEMS devices -

that there are many possible process sequences for the manufacture of an 1746 print head.

25  The process sequence described here is based on a 'generic' 0.5 micron (drawn) n-well
CMOS process with 1 poly and three metal layers. This table outlines the reasons for some
of the choices of this nominal' process, to make it easier to determine the effect of any

alternative process choices.



5 P+ CMOS 4 Light Poly 4 pm 6 Contact |Includes nozzle chanber CMOS 5 Light
Poly 0.5 m 7 Metal 1 CMOS 6 Dark Contact 0.6 m 8 Via 1 Includes nozzle
chanber GNVOS3Md3ight Metal 1 0.6 m 9 Metal 2 |ncludes saecirfAweadreal . CMOS
8 Dark Via 1 0.6 m 10 Via 2 Includes ngzzle chanber CMOS 9 Light Metal 2
0.6 m 11 Metal 3 Includes sacrificial al. CMOS 10 Dark Poly 1 m 12 Via 3
Overcoat, but 0.6 mCD CMOS 11 Light Poly 0.6 pm 13 Heater MEMS 1 Dark
Poly 0.6 mu—ta 2T ééd.[Ol’ Eé\é%nd Dark Heater 1T m 15 Nozzle For CWVP corntrol

VMEMS 3 D4 .A||u¢| ::VEIVG A= NoZZte 2 1m L7 111 et B ksi de
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VOB St erl5 wcsmh efistgh i Htronisipaised e GO oRS dReL PehitEe  canbd used.
t hi s prodessmicdescudrdt i ohFully apgtidsd fribd lowicei an exanpl e CMOS process show
wher e MENRuEgat ures. ar e| Paoatpaatof sl cliamnel i @oChdpSrta thkrsp-chamnd! tehsiioravher d t he
CMOS pr OCEFSFRY De ST Pl Midifeh pritid6al tp 4t igolitBivpédvhdadper f or mance
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ok
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E TO0 var et ;
al so be uE@dlmnEfMﬁPtﬁ‘&aWn oW sgsb stapdarg § Qﬁwzfﬁﬂ’ﬂ&!&b T 531018315

PCT/ AU02/ 00763 14 2. Using the n-well mask of Fig. 19, inpl ant the n-well
transi stor portions 210 of Fig. 20. 3. Gowa thin |ayer of Si02 and

deposi t Sigs formng a field oxide hard mask. 4. Etch the nitride and

bR«

oxi de usi ve mask of Fig. 22 The nmsk is ouersized-tg —allow for
the L Maﬂd% heak. [The noZwke chanber Meesi onl i Btecor pigdPel i R his 5
mask, as XNGgenl S| €xcl uded from t hecywsazl e chagiber|. TFhe rpsulim|s a
series of Fexjde FEundd T bR P MBS O Fhe 5| NOWGEN] T
channel - sfop=usin WeH—raSk—wntt C'Qﬁ#' e esTSt O "d@m@
conpl erren o? thhe ?10130\& mask 6 Eet:.f_o. ML efui+ed ahatne—bt6
i npl ants hs #equi r @4 by| the CMOS process 410 Berk olow Ay i dhm of
field oxifle gsing LEGCOS CMOS 4 Light Poly 4 um

6 Contact Includes nozzle chamber CMOS 5 Light Poly 0.5 pm

7 Metal 1 CMOS 6 Dark Contact 0.6 pm

8 Vial Includes nozzle chamber CMOS 7 Light Metal 1 0.6 um

9 Metal 2 Includes sacrificial al. CMOS & Dark Vial 0.6 um

10 Via2 Includes nozzle chamber CMOS 9 Light Metal 2 0.6 um

i1 Metal 3 Includes sacrificial al. CMOS 10 Dark Poly 1 pm

12 Via 3 Overcoat, but 0.6 um CD CMOS 11 Light Poly 0.6 um

13 Heater MEMS 1 Dark Poly 0.6 um

14 Actuator MEMS 2 Dark Heater 1 pum

15 Nozzle For CMP control MEMS 3 Dark Poly 2 um

16 Chamber MEMS 4 Dark Nozzle 2 pm

17 Inlet Backside deep silicon etch MEMS 5 Light Poly 4 pm

Example Process Sequence (Including CMOS Steps)
5 Although many different CMOS and other processes can be used, this process

description is combined with an example CMOS process to show where MEMS features
are integrated in the CMOS masks, and show where the CMOS process may be simplified
due to the low CMOS performance requirements.

Process steps described below are part of the example ° generic’ 1P3M 0.5 micron CMOS

10  process.

1. As shown in Fig. 18, processing starts with a standard 6" p-type <100> wafers. (8"

wafers can also be used, giving a substantial increase in primary yield).



8. Performany required n/p transistor threshold voltage adjustnents.
Dependi ng upon the characteristics of the CMOS process, it nay be possible
to omt tweoBlrssshol d adjustnments. This is because the operattiongoms equency
is only 3.8 Mz, and the quality of the p-devices is not critical. The
n-transi stor threshold is nore significant, as the on 15 resistance of the
n-channel drive transistor has a significant effect on the efficiency and
power consurpki Ofe WLLie kit 6f #1810, fmplaiPilte inD@eld Bhsinus siidh 2 100FEs$.1200. 3

m crons o?’ g%}lwgnd pattern ulgi ng tRe poly mask ill us.lls.t?tat ed in Fig. 25 so
as to fob.mGoiwa thir layans SiQ4awhdeposit BisMu forndsg a feldiaxidpbariamagks he n+

i npl ant shown e.g. 216 in Fig. .29 using the nit_ma hown , i. i . The
use of a #r diteh begitHdeandgxid ye'es %ngﬁ ask O_{Fi_g' 2%‘6@16@%8&&8@@%%%?} ed, as
the perfor %B&Jq‘opihf?g%bg%%IS%%QE.STHC%OEHE chirhbdrGadion IincIpbiadh e p+

i mpl ant shown "e.’g. rn Fig. 32, using a conplenent of the n+ mask shown
in Figs 31, miskuss fidd okilens-exvhsied didn the noeglatchambereThe resultirea sesigs PEoXHaNber
25 region will be doped either n+_ or p+ depending upon whether it is

i ncl uded i n regieny312, pdusirated imEie 2Fne doping of this silicon region is not
rel evant as it is subsequent!y; G611 A0Sk Wi aSESASEAUCH WRIALLSS
recomrendg'd %é?%ﬁ}%ﬁ&égg&%g%ﬂo%mghgﬁ% %:ﬁl st op. al3§a Deposit 0.6 mcrons of

PECVD TEOS Qoafserhéntlob e -l paskhown e.g. 220 in Fig. 35. 14. Etch the
contact cuts using the contact mask of Fig. 34, éﬂge nOéﬁJéfSregi on i
treated a$. Perfoomginggequited channebsipn&nplaptiagseduissd byt PRESSHPT cal
design_rule gchecks. .This el ddisg efore be excluded fromthe DRC
15. Dg?)osit .Oé"ﬁﬁgé?%gdé“gff%g‘?gﬂ]d%gﬂmﬂ%g formmetal 1. WD 03/018315

PCT/ AU02/ Q0 i3 forbanyGequitedn/p transidtomnthreshold sioftapet dustmeth. Depending sinomthei n

Fig. 37 so as to formnetal regions e.g. 224 shown in Fig. 38 . The nozzle
met al regi onchagactesistieeef the ?MQ@P&?CG% H gAY @@SSIB%PPé?H&F %9%%%5 is
sacrificial,_and is efc 29 €MD @nd tHecduasit of
metal 1 in t?ﬁﬁusglg?}trsghing%ﬁ%t%guesgzgl é%?t, ebrﬂflt&ﬁ%%ygs 1;1'12 uce the stﬂggdi ny?the
neck 5 regi @B padevides isiedt ¢atiedl. Tiessetrandistor thiesh@ldiomiote fighificansy asrthe ofi- PECVD
TECS glass to Tporm ILD 2 regions e.g. 228 of Fig, 41.__ 18. EthP 1 he contact
cuts Using ttesistange of thaskcheprsharive transistonms amgniticant pffect ogthgetiiglepeydide g
as a single large via reaion .again it will not pass DRC. 19. Deposit
0.6 microns BIWEIOHHI T wr%r}grlengal 2. 10 20. Etch the al um numusing the
nmetal 2 maskGshpwme dafe btide 42 so as to form netal

10. Deposit 0.3 microns of poly, and pattern using the poly mask illustrated in Fig. 25 so as

to form poly portions 214 shown in Fig. 26.

20  11. Perform the n+ implant shown e.g. 216 in Fig. 29 using the n+ mask shown in Fig. 28.
The use of a drain engineering processes such as LDD should not be required, as the
performance of the transistors is not critical.

12. Perform the p+ implant shown e.g. 218 in Fig. 32, using a complement of the n+ mask
shown in Fig. 31, or using the n+ mask with a negative resist. The nozzle chamber

25 region will be doped either n+ or p+ depending upon whether it is included in the n-
mask or not. The doping of this silicon region is not relevant as it is subsequently
etched, and the STS ASE etch process recommended does not use boron as an etch stop.

13. Deposit 0.6 microns of PECVD TEOS glass to form ILD 1, shown ¢.g. 220 in Fig. 35.
14. Etch the contact cuts using the contact mask of Fig. 34. The nozzle region is treated as a

30 single large contact region, and will not pass typical design rule checks. This region

should therefore be excluded from the DRC.

15. Deposit 0.6 microns of aluminum to form metal 1.



portions e.g. 230 shown in Fig. 43. The nozzle region 231 is fully covered
wth nmetal 2. This alumnumis sacrificial, and is etched as part of the
MEMS sequw0®a/018Bn®e i ncl usion of netal 2 in the nozzle isPodtAl@gsensi al ,
but hel ps reduce the step in the neck negion of the actuator |ever arm
Sacrificial metal 2 is also used for another fluid control 15 feature. A
relatively large rectangle of netal 2 is included in the neck regi on 233 of

the nozz h@c}&gl?fﬁéeﬂunu-ﬁﬂh?uéll%sﬁl@ Rest1edadkoshola if ®ed.i37is6iagto foRnahetd], regions S
ved dur

al so reno ng the sacrificial alum numetch., This undercuts the
| ower ri m ofe.g.[224sbawh én FighashEhe norzicametel fogiontik sovesediwith metaldi &% 223- f or med

f I LD 3 Th d dds.90, d t trol
curf ace,  ahdUEhAuTRHGR 48 ErRac A A 1y araonpat B et UEMSGscghdtd PR
surface s pr elﬁglus1%1]1 of PRRAT1h tf nozleGS ﬁ&%s@nﬂ%ﬁ@b(&é[ﬁs@@d@ée&ﬁé step i etk D 3.

22. Etch the contact cuts using the via 2 mask shown in Fig. 45 so as to
| eave porti oegiod.of the KBMhtatleven arm. Fi g. 46. As well|l as the nozzl e chanber,

o A S BP0 A B
al um num ysipg ttﬂéeco%cﬁbutg’ uglfgg kl]vos\riﬁ"f”?ndsﬁ sh:b\gn nfllzlgs@o Fheln@z218 SR Itdafds

e.g. 238 ass of netal 3 e.’g. 239 is a sacrificial
| ayer used t# ssigle kirge vihhegmmtandtagmnam\dﬂhadthg IBRSm the chip surface.
Metal 3 is also used to distribute V+ over e chip. The nozzle region is

t .h
full'y covdPelengstti).¢rmigrpngofealymingpyio ‘Pﬁpéneé?lt%ﬂ numis 30 sacrificial, and
S ¢t 909 B ERR e Al @%gﬁygﬁ&qﬂ&m asld Bfovk 6131 0100k 187Rl i the

nozzle'is essen el'ps reduce the step in the neck region of
the actuat or dlﬁmre gaZ?iﬂ)lshWn@Bngl83JIHld:iﬁEZ]élﬂ6§bﬁa3B3 fullg cowredapbsnatal@. 5

m crons of PECVD TECS gl ass. to_formthe over Dep05| 0 5 mcrons
of S 3NA to THbumausds §40@ﬂ£1maé>r?nﬂa§/%tf;hedza? et e MEATS s8R BB anc

over gl ass Usjélpﬂ]éogl_eof ﬁ&ax%]mﬁéné% e edsbiitial, Wt ﬁé’l asedh theki¥p ih ﬂ% neck

arr angement es access 42 to the netal
sacrificial fgioﬁtly&frtlma &hdatbileveti ats. Sa(glflcﬂifl&ldtﬂ 2tik elshasgdefor amthmftmd control

Li t hography of this step has 0.6 mcron critjc | mensi gns .t

heat erl5vi as) fdanse.datplgivelhiarasapetangly of BEEk & dS lmﬁ‘@ﬁ‘g&rrtgﬁﬁ?cqwg %? Eﬁ?ni ng
bond pads. This.isg f Qe Mo rdnhBdtddginpor Nl
CMOS pr ocessn?%zé) as?h Oﬂ}?sﬁ %&%Edtst %Jghfl a1 g%ﬁps‘r%c%cesgrstep of n? he
CMOS pr 0Cess theMEMEsdiifisial ﬂhﬁm@ﬁ etchETlMEhﬁdem:ms dedoweermrditegnazslen t he f ab

setup 10 angh;nrﬂ?err] %r?t%r}ce rfgrqtlljlle ;gtggtgg (SWhICh is formed from ILD 3). The undercut adds 90
degrees to angle of the fluid control surface, and thus increases the ability of this rim to
20 prevent ink surface spread.
21. Deposit 0.7 microns of PECVD TEOS glass to form ILD 3.
22. Etch the contact cuts using the via 2 mask shown in Fig. 45 so as to leave portions e.g.
236 shown in Fig. 46. As well as the nozzle chamber, fluid control rims are also formed
in ILD 3. These will also not pass DRC.
25  23. Deposit 1.0 microns of aluminum to form metal 3.
24. Etch the aluminum using the metal 3 mask shown in Fig. 47 so as to leave portions e.g.
238 as shown in Fig. 48. Most of metal 3 e.g. 239 is a sacrificial layer used to separate
the actuator and paddle from the chip surface. Metal 3 is also used to distribute V+ over
the chip. The nozzle region is fully covered with metal 3 e.g. 240. This aluminum is
30 sacrificial, and is etched as part of the MEMS sequence. The inclusion of metal 3 in the

nozzle is not essential, but helps reduce the step in the neck region of the actuator lever

arm.



28. Wafer Probe. Miuch, but not all, of the functionality of the chips can
be determned at this stage. If nore conplete testing at this stage is
requi red,wansattsive dunmy | oad can be included on chip f@ecTedokoessve
transistor. This can be achieved with migor chip area penalty, and allows
conplete testing of the CMOS circuitry. 15 29. Transfer the wafers fromthe
CMOS facility to the MEMS facility. These may be in the sane fab, or may

be di stanh} m@%&ah%&&smm@ AbG/t8MemOTheloReRRIsEON sputtered Ti N

Voltage is - magnetron current is 7.5 A argon gas pressure is 0.3 Pa,
t enper at ulzell)esposl(f)oSGmcfcbnssnereshltoﬁonmthapaise‘fatlpmlmr of ther mal expansi on

270 p 26627 1‘5}9‘%}?16 AR Ol PSRy RS HerviE Ao h BT B Rl b as B el [® |
Ti N using t 35? drat rg%ﬁleﬁﬁgf@ ggﬂ]"‘qhisr}n@kgnclﬁées albdss Zﬂ%théﬁdtﬂassabﬁﬁmhleat er

el ement, There is a small gap 247 shown in Fig. 54
bet weesn the layeAdndrthanids tige243 td thayieatercictuabe. bmmwr@ham@ﬂpa@rgp Bag®th This is

to prevent electrlcal connecti.on b ween the and he i nhk, and
possi bl e el aBice §rijcal %‘FQ?BF‘@H%GO@HS 9§6W16§)dﬂ3t%?§2ﬁ§éec lyé%}ﬁ’ferded inthis

step to mai r]#g%,# I?h Al 8 te}ﬁ %fboﬁﬁ g&?sr TRIRAE AfeldRk pPddessSstepRhieR $s differenaf er .

This is the ter 1s not etched sinultaneously wth
t he ot her aCﬁm&mndrﬁmeCMOS:pfdcexs fldve Teastep mamskthirdeohslagt proenss steppér | ay

accuracy is +/- 0.1 mcrons. The bo re als covered wi th.this
| ayer of Ti Nhe fMQSipsoqess, ObF}@\fE?&St‘fH‘l%f thmgd’?Gﬁéﬁ Bfmedipo ﬁﬁi/fahﬁ?wﬂg

the s r|f|c I It also 30 prevents corr05|on of the
16 %u@'sﬁ%“ M-SR,

al um noum bond" ng operatl on. TiNis an excellent corrosion barrier
for al um ng HWaIéi@rdsm iMudchybiityhoofill, f thd funbtbomatityoefghe ckupsmn headeterminedatl ens

wi th the bond pad resistance, WO 03/018315 PCT/ AUO 763 17 32][0 (Pe%tc))sm 2
mcrons of PHOWRS Hggore-pﬁmlqtestegpg%rﬂgg FlReRITEAYEe a?“b iye s g &

to mnimze |ni rfuﬁ?él bn %%1 é?&sea'c dhb@ tlﬁﬁsq&ﬁr ThG B a§ﬁ15€e?§wft’l?ﬁﬁﬂ)rtlﬁ1ﬂ zﬁ‘%‘ced

by a | ower i on ure, however thermal stress is actually

beneficial , alt?ean@ﬁasfsbﬁmpbﬂldﬁ@tffdh@@l\&@&mmmyI ayers of T| N. The
Tll\VgIass/Tl tri-1layer cancels bend due 5 to th ﬁ str ults

in thdsgl ezgsTmsﬂqgth@mfsrscfmmrQM%rﬁa?@%WBe aﬂlmﬁ SePﬁ‘é’ 8&’% t he

efficiency of the, actu t 0.9 mcrons of magnetron sputtered
TiN. This | ajeP fg %ferﬁ%éget at%ﬁﬂ cance bend fromthe differential thernal

stress of Fohpepiver.o Tidoaser ﬁh@fﬁa&oh&?ﬁi@ed’ﬁfm Yulege ist- 6ﬁﬁemaglmtl11(d>he:ufrcntrts
curling when released fromthe sacrificial materials. . The deposit

char act eri st 78A ghgen gastpsesswens 9-8d12, tegnnersumeily 390 - I@W%\Vé‘r‘hs iha Coe%f 1cien
of thermal expansion of 9.4 x 107 6/°C, and a Young's modulus of 600 GPa [Thin Solid

20 Films 270 p 266, 1995], which are the key thin film properties used.

31. Btch the TiN using the heater mask shown in Fig. 53. This mask defines the heater
element, paddle arm, and paddle. There is a small gap 247 shown in Fig. 54 between the
heater and the TiN layer of the paddle and paddle arm. This is to prevent electrical
connection between the heater and the ink, and possible electrolysis problems. Sub-

25 micron accuracy is required in this step to maintain a uniformity of heater characteristics
across the wafer. This is the main reason that the heater is not etched simultaneously
with the other actuator layers. CD for the heater mask is 0.5 microns. Overlay accuracy
is +/- 0.1 microns. The bond pads are also covered with this layer of TiN. This is to
prevent the bond pads being etched away during the sacrificial aluminum etch. It also

30 prevents corrosion of the aluminum bond pads during operation. TiN is an excellent
corrosion barrier for aluminum . The resistivity of TiN is low enough to not cause

problems with the bond pad resistance.



34. Anisotropically plasma etch the Ti N and gl ass using actuator mask as
shown in Fig. 56. This nmask defines the actuator and paddle. CD for the
act uat or wagk/0iss1d m cron. Overlay accuracy is +/ - 0.1 nmPCTN®2/0T158
results of the etching process is illusirated in Fig. 57 with the gl ass

| ayer 250 sandwi ched between Ti N | ayers 251, 248. 15 35. Electrical testing
can be perfornmed by wafer probing at this tine. AlIl CMOS tests and heater
functi O“a%i.bé 842 hﬁ?ﬂoﬁéaﬁpﬁc 15ssCRAis hepre g ek Ahrovmias0 PCabd00 36.
Deposit 1 mgrons of sacrificial material. There are nmany possi bl e choices
for this mesefiialize Mivnsassess inthe glasuThermeal sressrcouldrhe ragiged by atleWefeposit a

15 ni | i th i f D d a.hi .
sol ecti vi'ty posHRBRpPHEES direrPN o arshe 1 s e i Aln s i
phosphosi | i ggﬁ(gxggﬂl&g%&,g@ WO %&ﬁ%mhﬁ% Ting 8 &/ DINPE S af ERAGels Paldydwer S

such as polyrm um n Either a close CTE match to silicon  (BPSG
with the cone eeimalopiesg and idshisslintbé giass odg wnden conpiany eompressiv¥tasssvhich
(alumnum ) is re(i%i red. This exanple uses BPSG O these issues, stress

i s the nost inaeesiheglidereyi theRCART ee | ayer thickness. BPSG normal |y

has a CTE %t{po&?b. %&g}\?@?@%ﬁe@&ﬂ ér?%ﬁ&edﬁqﬁyﬁ‘ﬁiis ’I‘%Ief 1 depbsicdes kel bend

conpr essi YQ}e' Stress. e composition of PSG can be varied

si gni fi cant |fyorh headlffe@htialtther@EEstedss s thedow bl iNodndsglass dayers, Asd ple¥eBHISG | s a
sacrificial layer, its_electrical properties.are not.relevant,.and

conposi t i onPadele frove ewnE yhenrelsdse frgg" the eRFHELS Eié‘Fagﬂaﬁsrt[%S?ﬁp%gl%nsed. Low
density, hi S AY i +epipet are all beneficial

char a&%{eri S%ﬁg@g{ggﬁﬁes?o%ﬂﬁqu%@ffggg\gﬁ% eS etcha%ISO selectivity versus PECVD
gl ass when4ushis@reicallypysialscihe dtiNand glass Eiohadthaosmesk 4sisbpen in Higepot 0 a
depth of 2 microns using the nozzle ma(ilk &% defined in Fll(% 59 sp as to
form t he st rihjs mesk defines the actyasgrendipaddie P dar thy agtigior sk plamigran of Fi g
WO 03/ 018315, PCT/ A 2 i . | It 10f etbRiBg PRALANS iIMRBERIEn
subsequentlyoiﬁ‘eer 35%%@8%\%3&%%@@#?%@%&% shede of%busi ng CMP. This

i ncl udes t hepjpog7van thdwaRahywe 250 andwicidddesvanl&N layens 251c8A8rol  features.
CD for the nozzle mask Is 2 mcrons. Overlay accuracy is, #/s 8 ﬁ m crons.
38. AnFsoBboBlectsicalesiingsan be peronnad byawafes probue of tysimg il (MO e

pasel VoL Lon | ST b PIATD RS e Sk catadrye i 5, B2 T

er and actuator roud including slots 255 as

shown in Bggpefit 18Rniceinstol Sack TR @atdrhs Klheisar2 nivingposssble Cheirdsafpr BT ur acy
is +/- 0.2 mcrons. 39. Deposit 0.5 microns_of fai rl% (ignf.orn&I over coat
materi al 257matsripl. [The esseniéal reqnirementsgse thephidity fdgnopit a1 TGP LYL IR i s

e conduct oPtCeRl Ware et bt f Tl IRRUT | CPRCYD ARS TR Sl

20 possibilities are phosphosilicate glass (PSG), borophosphosilicate glass (BPSG),
polymers such as polyimide, and aluminum . Either a close CTE match to silicon
(BPSG with the correct doping, filled polyimide) or a low Young's modulus (aluminum
) is required. This example uses BPSG. Of these issues, stress is the most demanding
due to the extreme layer thickness. BPSG normally has a CTE well below that of

25 silicon, resulting in considerable compressive stress. However, the composition of
BPSG can be varied significantly to adjust its CTE close to that of silicon. As the BPSG
is a sacrificial layer, its electrical properties are not relevant, and compositions not
normally suitable as a CMOS dielectric can be used. Low density, high porosity, and a
high water content are all beneficial characteristics as they will increase the etch

30 selectivity versus PECVD glass when using an anhydrous HF etch.

37. Btch the sacrificial layer to a depth of 2 microns using the nozzle mask as defined in

Fig. 59 so as to form the structure 254 illustrated in section in Fig. 60. The mask of Fig.



selective etch with respect to the sacrificial material, be suitable for
CWP, and be suitable for conformal deposition at tenperatures bel ow 500 C.
Sui t abl e watoaisshs include: PECVD glass, MOCVD Ti N, ECR @UIVANORIO07BECVD

Si 3M, and many others. The choice for t&is exanple is PECVD TECS gl ass.
This must have a very low water 15 content if BPSGis used as the
sacrificial material and anhydrous HF is used as the sacrificial etchant,

as the anhydiqius, HFebERe [libRSyiRie WahRkqeRy @Bposited dodrceatds tlid(palishet ch
selectivity of EB%IC:; over T%% gl ass. Theqcon orfr)red overcoat 257 forng a

Br og ect |t vet ammim%gjlgm dlhiis inclndexthe nezagscthempadves) asbyariogn ethst tlpidecontigl na

end actuator ile permttin t of th i B D,

20 90- Pl andrrtus Gl thpamop Dkl amsron- v ETans kg b BttertR T e
in Fig. 64¢ Aﬁﬁ%tro%ﬂ%?%?ﬁ%taﬂtpé Bauseid 8y RRIGREdHRE OMOSIpass eationadyyedl -+ -

0.5 m crons ‘over surtace. Dishing of the sacrificial material is
not r ek evantusinBths clesing nidk an idhstraed 25Pig. 6AJTHS wiask dufines Bie nozgieshamberg.

260. Th igidit f th i.fici i
Structures dudisiamehiogd nns FE 2085 SRv gt g oy PREE pEoR5S""
choi ce of sagnifyglal o0BYSTaaldy /- dHileighe print head vafer over and

e ron rtrac

securely m)u‘. . u on an oxidized silicon wafer blank 262

i 11 ustrat gd. Depdsit®.5 HRrbmviffairgreonfariaexeranat frateeiaP?¥ astiistratestimtbiaddean be
by way of glue 265. The bl ank wafers 262 can be recy: led. 42. Thin the

'FI)'L i nt 3headf vﬁh@ﬁtéqtﬁcaéwnm&ﬁéhlﬁg}% ARG et (lg?ane ecarﬁongﬁ‘gtoﬁol i sh.

e 30 wafer thinni I . . n @8RBI Ng -
dur at 18n 1 or mAGT U el B TR e b R e R "% hours.
tTﬂ_e Eccur apyseﬁfcltiw gtcﬂ @ﬁtzh reSpeki wathe edctificiad nakesiol, ibepnisatdel forMPt gl tear d- mask

ickness is halved to 2.5 m T
waf ers coul dsubieblephemadoral Eﬁgﬁ%{% gt FFBSW@H%?@%%’B (}'ﬁuﬁ‘#{@gl OQ?B&%eig
efficiency. The . lim{Aati . i 9PSTIl OIS figad bk t
after sacri f’ingﬁlgF‘ %&gﬁe@gﬁ ﬁ/@%@@‘%ﬁfgg}g?@ ;@ S OZIR\ngEd nagik3m(4’2. 5 rr?li}{%ﬁ%srh'ofy
PECVD gl ass) TRécHdi&: foaeks extenpé i FEC VB BEOS glass. [Thist imnst hage agetyHewiwetent nask

as shown in Fig. 67. The hard mask of Fig. 67 i 5

delep sisl conc?tt@ﬁ it BRSGHs nspdras the &aéﬁfiﬁab%a@%l z{%ﬁ@ﬁﬁ)‘?@og\; ’fltﬁ"?%“%‘?gr%a%flfj?gzﬁquem
selectivity of .150: 1., Thi s j j i i : 3

t hrough t he S%E#@P.l elehant tﬁgﬁ}ygfidts 'i#iestkﬂ:?eslfeg%?nk@kégtgggte%r Pgls{]iclz%orcggs is

+/ - 2 ni crongch Thectivilyit BESE kvdr TROBIglasd. ZEhelynforibd wvercor25g fomesch si de to
aIIowfo_r a re-entrant etch angle of 91 degrees over a 300 mcron etch
dept h. Li t hoprotgsttiye £oyerinigjsheld peoyng; §esopgraiQapl ROrfQyis ﬂl@bthfl‘lﬁ%%lgl%‘i gtuagor

stepper. Allghie rf)terrrlu tir}gomg\@etrrtl&rt IP @ hchidfor Wittt t@fshéiie waf er. Equipnent is
20  40. Planarize the wafer to a depth of 1 micron using CMP as illustrated in Fig. 67. The
CMP processing should be maintained to an accuracy of +/- 0.5 microns over the wafer
surface. Dishing of the sacrificial material is not relevant. This opens the nozzles 259
and fluid control regions e.g. 260. The rigidity of the sacrificial layer relative to the
nozzle chamber structures during CMP is one of the key factors which may affect the
25 choice of sacrificial materials.

41. Turn the print head wafer over and securely mount the front surface on an oxidized
silicon wafer blank 262 illustrated in Fig. 69 having an oxidized surface 263. The
mounting can be by way of glue 265. The blank wafers 262 can be recycled.

42. Thin the print head wafer to 300 microns using backgrinding (or etch) and polish. The

30 wafer thinning is performed to reduce the subsequent processing duration for deep
silicon etching from around 5 hours to around 2.3 hours. The accuracy of the deep

silicon etch is also improved, and the hard-mask thickness is halved to 2.5 microns. The



readily available to allow sub-mcron front-to-back alignnment. 44.
Back-etch conpletely through the silicon wafer (using, for exanple, an ASE
Advanced weiosjoessms Et cher from Surface Technol ogy Systens) pChraaghozshe
previously deposited hard mask. The ST§ ASE is capabl e of etching highly
accurate holes through the wafer 15 with aspect ratios of 30:1 and

sidewal | s of 90 degrees. In this case, a re-entrant sidewall angle of 91
degrees is taken a94meMhinAtd fufhbLroaRipteetetd@iratidnsandiieie hedibteiciencyt Mae ASE
performs better, wth a higher etch rate for a given accuracy, wth a
slightly redetitatianto wafayltieickndss s, thepriet-head fragilityafes saaificn BEsGekat ed by

maki ng the hol es th k d i -re-
be. o eastiPrEombe v wrd msk 618 snmeS SPRER Aarloh fRheEkiids SR Shesinr o
is also pr efagaﬁu Ingl's@ggﬁé’iﬁlét%é%k%& Eﬁbwn-rilﬂq:i%jmThge h&Sluhiskiof Fag 671is usddr at ed

in Fig. 69 inc ck etc i nk channel' portions 264. 45, Etch all
exposed al urbhEsubsAljuetit deep dlical dict, whieh isay e depthof 82 mierons withjafiagd a

| ayers in tai I ._ 46, h I i fi.ci i
nossl o chantiesss seleelineel 10 bymeyesdlegney e fires st B el g Bhan AEp o,
in Fig. 71 &erP%dé%%gﬁq n?a%kﬁé‘@m?&&'iéﬂ Ovei&Y adtRbRy it/ 2irkicfomb, TiR infeeroved

wi t hout etching ass layers or the ‘actuator glass. This can be
achi eved Wi tihaskQ90ndersied BE 5i28 inhigromg ah esth sideliopdiowgions se-suicint gish rEgle of 8% ng

anhydrous HF at 1500 sccmin a N2 at mogpher t 60 CJL. Ch

"S tAn thyol r ous H}egme& SVTfrf’e%ﬂﬁ)c@%Cf% Peldenthd1 p&ﬁ'gﬁ?/ i t%ﬁ/if\%’%‘ﬁﬁsa%?‘t%@?%hegfm Ioi i d
ate_Techna : 2 99k
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 ncor por at i gk ehannel s L0al SRk, W1e ABRSORIAL Ehodefbelkhe 481 he

ink inlets a e prin package al so provi des

mechani cal spBRRfds tefer, Methprtigher Rehdate Thea piaek agerdcy, wsheslightlyredatigned t o
place mninal stress on the chip, and to distribute that strefls evenly
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acka i |
P ge wt hur?de(r:sqgg? No%grte—esn?raarlltaert]éh gn"é(fél @finot be so easily compensated, because the

20 mask holes would merge. The wafer is also preferably diced by this etch. The final

result is as illustrated in Fig. 69 including back etched ink channel portions 264.
45. Etch all exposed aluminum . Aluminum on all three layers is used as sacrificial layers in
certain places.
46. Eich all of the sacrificial material. The nozzle chambers are cleared by this etch with the
25 result being as shown in Fig. 71. If BPSG is used as the sacrificial material, it can be
removed without etching the CMOS glass layers or the actuator glass. This can be
achieved with 1000:1 selectivity against undoped glass such as TEOS, using anhydrous
HF at 1500 sccm in a N; atmosphere at 60 °C [L. Chang et al, “Anhydrous HF etch
reduces processing steps for DRAM capacitors”, Solid State Technology Vol. 41 No. 5,
30 pp 71-76, 1998]. The actuators are freed and the chips are separated from each other,
and from the blank wafer, by this etch. If aluminum is used as the sacrificial layer

instead of BPSG, then its removal is combined with the previous step, and this step is



silicone. 48. Formthe external connections to the print head chip. For a

| ow profile connection with mninumdisruption of airflow, tape autonated
bondi ng (WoBp/omsys be used. Wre bonding may al so be usedPcCfi/Atoeopwsnter is
to be operated with sufficient clearancggto the 15 paper. Al of the bond
pads are al ong one 100 mm edge of the chip. There are a total of 504 bond
pads, in 8 identical groups of 63 (as the chip is fabricated using 8
stitched stgppsg steps). Each bond pad is 100 x 100 mcron, with a pitch
of 200 m cron. 256 of the bond pads are used to provide power and_ ground
connect i oA%. Rick uthedooseqiriot beads svitthavacpwaprebs: pehmoust the penihasds Hy thewy

There are a tojpal. of 40 signal connecti o to the enti rd nt (24

data and 16 RAGFAZRT) ,hI%/mP%%%OBe %gﬁm’ ag[}@ggl&patcga eﬁ néllE g%%gf‘%efﬁ lggfl‘?ed

sections of gfs é&tofﬁl?@gafefl%-esgéiﬁiﬂ@ﬁ?@i’lie,zﬁld@h@ulﬁﬁﬁﬂbe sotichat Thidfprodess pri nt
e v

heads. This can be achieved by t acuum deposition of 50 nmor nore of
pol yt es r af | whookdtbeydeefoem¢dPmam)allyiHait isadiffiqultde eutamaten The pagkags st iodhays t o

achieve this. As the fluid.is fully controlled.b hani cal .25 .
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opt i onal exéoﬁ&linf(%thgrhﬁé’dﬂfgts e BRACHI il hehd hWabRER also prévgddyr | nt head
becones contamnated by dust. 50. Plug the print heads i1nto their sockets.

The socket peshadizal quppert to thatpaint heed. Thk packhge isekpecidllygiesigaedioiphcehead by
capillarity. A low the conpleted, pri.nt._heads to fill. with in and test.
Fig. 74 il usiimeksireshen Fl'ielclhlpnﬁn%?o ﬁlhﬁti!ilb%ég‘i‘tﬁ%fSSst‘?{Snlé{g}%géh%ﬁﬁﬁ%‘e"?%"s0
Process Par S d E@E@Hc 1 deORitlEX @3RbBRant RealsVisicIDEsOC es s
par amﬁeﬁers ﬁsﬁ?(?éeéarﬁggﬁm{)@a%%@%d@glui gngy CII;[/DS pr(k)’caenss of 0.5 mcron
di mensi ons ofiliéweiet er. The MEMS process paraneters should not be varied WO

03/ 018315 PCT/ AU02/ 00763 21 beyond the tol erances shown bel ow. Sone.of

t hese par 4fefemsthgericsnal copnegtonsde dhe erglthpgf ?Fﬁﬂ'glg)r &ﬁawfﬂr?ﬁlﬁ ic8@}e°&m Vvét%

ot hers have . i ' m rAB N Ray wehied. Wit st age
affects the %%rgﬁman%g%?galﬁgté}%&’?tﬁ%&%%%rg%ﬁllgi con gchj,] ta%e t hi ckness of
the back- si ssndigf @ayraké be andd if the pinteris todesopefat¢chwith seificieat edarpheesioitie i nk
channel nolding. 5 Suggested rocess pari&)eters can be as follows:

Par amgfer Typapem Al ombopsradsarealopg ong mpxedge of 825 pp-AhEP aéﬁ/ﬁ)_g)ti]SOfZO 25
A e L
stepper steps). Each bond pad is 100 x 100 micron, with a pitch of 200 micron. 256 of
the bond pads are used to provide power and ground connections to the actuators, as the
peak current is 6.58 Amps at 3V. There are a total of 40 signal connections to the entire
20 print head (24 data and 16 control), which are mostly bussed to the eight identical
sections of the print head.

49. Hydrophobize the front surface of the print heads. This can be achieved by the vacuum
deposition of 50 nm or more of polytetrafluoroethylene (PTFE). However, there are also
many other ways to achieve this. As the fluid is fully controlled by mechanical

25 protuberances formed in previous steps, the hydrophobic layer is an ‘optional extra’ to
prevent ink spreading on the surface if the print head becomes contaminated by dust.

50. Plug the print heads into their sockets. The socket provides power, data, and ink. The
ink fills the print-head by capillarity. Allow the completed print heads to fill with ink,
and test. Fig. 74 illustrates the filling of ink 268 into the nozzle chamber.

30 Process Parameters used for this Implementation Example
The CMOS process parameters utilized can be varied to suit any CMOS process of

0.5 micron dimensions or better. The MEMS process parameters should not be varied



p+ Junction depth CMOS 0.15 0.2 0.25 gm25 %

0.45 0.5 0.55 gm 10 %
t hi cknesswaBB13127 0.3 0.33 gm 10 %
0.5 0.6 0.7 gm16 %

0.6 0.7
Over coat

Act uat or thickness (PECVD
t hi cknessWafer (i

stress BPR

o 50 9% RSN fnd Hyat d e bt B
Nozzl es CVBugleple
MEMS 295 300 305 pm 1.6 %

Met al
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Fi el d oxi de thi ckness CMOS

Met al

Gate oxide thickness CMOS 12 13 14 nm 7

%

Pol y

I LD 1 thickness (PEGUIVAZIo286763 CMOS

1 thickness ¢al um nun) CMOS 0.55 0.6 0.65 gm 8 %
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(alum num CMOS 0.55 0.6 0.65 gm8 %
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Back-etch hard nmask (SiQ2) MEMS 2.25 2.5 2.75 gm
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The basic pwlaﬁﬂc% defth t O shift datal fomos dne shjft2.5 pgi St{epm2§2+20% | he
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activat e pGgatede28dnésor out put of a| K4S ng pld se LH| hdét | effeh| 281.
As the prpp&Y ihRkhetsnpl enentation util | zes0s |CMOF | ay®s | fods |i mtrnl gnemt%l i on of
all TLD 1 thickness (PECVD glass) CMOS 05| 06| 07| um | t16%

Metal 1 thickness (aluminum ) CMOS 0.55 06| 065 pm +8 %

ILD 2 thickness (PECVD glass) CMOS 0.6 0.7 0.8 | pm +14 %

Metal 2 thickness (aluminum ) CMOS 0.55 0.6} 065 pm +8 %

ILD 3 thickness (PECVD glass) CMOS 0.6 0.7 08| um +14 %

Metal 3 thickness (aluminum ) CMOS 0.9 1.0 1.1 ] pm +10 %

Overcoat (PECVD glass) CMOS 0.4 05) 06| um +20 %

Passivation (SizNg) CMOS 04 0.5 0.6 | pm +20 %

Heater thickness (TiN) MEMS 0.85 09 095 um +5 %

Actuator thickness (PECVD glass) MEMS 1.9 2.0 2.1 um +5 %

Bend compensator thickness (TiN) MEMS 0.85 09| 095 | um 5 %

Sacrificial layer thickness (low stress BPSG) | MEMS 13.5 151 165 pm +10 %

Nozzle etch (BPSG) MEMS 1.6 2.0 24| ym 20 %

Nozzle chamber and shroud (PECVD glass) MEMS 0.3 0.5 07| pm +40 %

Nozzle CMP depth MEMS 0.7 1 13| pm 130 %

Wafer thin (back-grind and polish) MEMS 295 300 305§ pm | *16%

Back-etch hard mask (SiO5) MEMS 2.25 25| 2751 pm +10 %

STS ASE back-etch {stop on aluminum ) MEMS 305 325 345 | pm +6 %

Control Logic
Turning over to Fig. 76, there is illustrated the associated control logic for a single ink
10  jetnozzle. The control logic 280 is utilized to activate a heater element 281 on demand.

The control logic 280 includes a shift register 282, a transfer register 283 and a firing
control gate 284. The basic operation is to shift data from one shift register 282 to the next

until it is in place. Subsequently, the data is transferred to a transfer register 283 upon



5 control circuitry, one formof suitable CMOS inplenentation of the
control circuitry will now be described. Turning nowto Fig. 77, there is
il lustratwo oaosssiemati ¢ bl ock di agram of the correspondi RgTAVOSoei6s cui try.
Firstly, shift register 282 takes an inyerted data input and |atches the

i nput under control of shift clocking signals 291, 292. The data input 290
is output 294 to the next shift register and is also |latched by a transfer
register i S ERhsmb shatt 7san e datia Michediig fa tBandR6 regddet. 283he
enabl e gé%%§§§§ﬂ?21%cfﬁgated S%%er the control of enable si%nal 299 so as
to drive anduubsiquenty)sifsingrpha@Ocantyiot sigadl 26Qds widizedda peftvaitea s a®t f of
resistor 281. The functional.i t%Z/ of1 the@gi ft register 282, transfer

regi ster 98BUER@ heafingpWsyigheabaelementa®ln 4oy g CMOS conponent s wel |

under st ood by h‘ﬂ:%ﬁ | idantabien BfitizesQf CXRBS agér fotiiniple@entgtion df%all

Repl i cat ed Unﬁ%s géﬁﬁéhﬁg% p?%htnhééﬁscan cons?st of]% | ar ge nunber of
repl i cat egortivl tir@gtry Sonedotin of suitahlecEMOsinipiementhtion ofithe genrteol gseyigh wilthi s
design will now be discussed. Turping initially to Fiqg. 7 here i

i || ust r at bW degesraibad. Kugping nevg &éﬁl@- oF thre fsel:ﬂéﬁfate%?‘g‘ﬂn&ﬁc Pfaoﬁg dlagrgin of /g

i n subsequent dis i - FifsByl dnlif sd i @deRotthieesRiihvesRl lda@Ghpan a 1
m cron grﬁ’&Cé’f)rg?po%ﬁ%%uéhigg)sc%%l%;lgssybopi e and replicated a | arﬁ% nunber
of tinmes whd fitdhegthe i8pithuintatdoatrionef shifecldcking sigoals 288, 3981 yhealptarigput290 is
addition to vias e.g. 308. The signals_ 290, %g%, 29%; 296, 28% %ﬂ% 299 are
as previ oasipyt 294 odhe sewd shift weisker angisalsorlaiched by g Fansferiqesior 283 URGer o ant
aspects of Fig. .79 inc ngoAl TilANAble daftod d4dk AGH akRl ake the

regi st@r, C?I?tﬁcﬁs?fgrfmgrfgrgélnlsd?%rééﬁg %gf ?gmﬁegérﬁi ve gtar ansistor. 25 | nportantly,
the drivecbkedof shable 39Ra1i290lsude s drivesppmverprhyistoaded wiicy. allows fowresiptives
laid out having a _|arge nunber of perpendicul ar traces e..q. 312, e

per pendi chbatingtaf sesdgondd. TWBP‘E’%W&WP%‘FFSW it HEPIS LR ﬁgnsé%rrpgjéig{ %@% ure
of a heater .ale L WdiPRRieakd BABoW dkilldaay encfart
corrugate&nﬂ§?§%§?§#?%”%§g?§%a E%%gnﬁﬁﬁﬁ?ﬁg generally i’n the perpendi cul ar
directiong ptMmogeacdildesighi s is best shown in Figures 69, 71 and 74. 30
Consi deration of the nature and directions of the corrugations, which arise
unavoi dably due to the CMOS wiring underneath, is inportant to the

ul tinafe dephisatedbaitsefficiency of the actuator. In the ideal situation,
the actuator ithefigi joegrid Headhn corsisugfit lapgesniigber iof keplicatgd anincelbayach 8815
PCT/ AUW02/ 00763 23 pl anari zation step on t he.lljpger zgrfac of the substrate
st ep pri orwhich hasrhasisglly the same dggign.. T g Will pRY By U{CUSfinr omi se t hat

obvi ates the addi.tional.pr s &rdi R&Y of IBSendC P difedadti ons
extend in a di1%@P$8H3@HEPH§§§§%g#%gg#ggkggﬂgﬁg%bénd?%% a%?g of the

act uat or _agateidll1skekd @ileddimsitReqexadptwsionand preferably constant along its

| ength. This results in an . . :
? 20 ~ Fig. 79 illustrates the unit cell 305 ona 1 micron grid 306. The unit cell 305 is copied

and replicated a large number of times with Fig. 79 illustrating the diffusion and poly-layers
in addition to vias e.g. 308. The signals 290, 291, 292, 296, 297 and 299 are as previously
discussed with reference to Fig. 77. A number of important aspects of Fig. 79 include the
_general layout including the shift register, transfer register and gate and drive transistor.

25 Tmportantly, the drive transistor 300 includes an upper poly-layer e.g. 309 which is laid out
having a large number of perpendicular traces e.g. 312. The perpendicular traces are
jmportant in ensuring that the corrugated nature of a heater element formed over the power
transistor 300 will have a corrugated bottom with corrugations running generally in the
perpendicular direction of trace 112. This is best shown in Figures 69, 71 and 74.

30 Consideration of the nature and directions of the corrugations, which arise unavoidably due
to the CMOS wiring underneath, is important to the ultimate operational efficiency of the

actuator. In the ideal situation, the actuator is formed without corrugations by including a



5 actuator that may only be 2%l ess efficient than a flat actuator, which

in many situations w1l be an acceptable result. By contrast, corrugations
t hat ext ewo oBomsgis udi nal ly woul d reduce the efficiency byCahawe/o@63
conpared to a flat actuator. In Fig. 80p3there is illustrated the addition
of the first level netal |ayer which includes enable |lines 296, 297. 10 In
Fig. 81, there is illustrated the second | evel netal |ayer which includes
data in-| i7288n steplofGie hppee s@ace JELRGbARHe stép s to FimidR bheavehalden 297,
V- 320, Vi ?%1, Vss™ 322, in addition to associated refl ected conponents

323 to 32BowEhe, (lertesoomBanise titht 9B tiates ghe additianabprogess stegde o anpwe dhat dhech
Turning nowto Fig. 82 there is illustrated t thif 2V er
whi ch i ncForaegatigns exgengingg Qecaopt }Szﬁnf\éerﬁtp{%ﬁez%%dé% %?Ssgéctpggét%tgﬁl g%t ch

| ayer undgjp i RAHAERbTy cCORStanP@6dd @4 leBdth. This wsults #eth as part
of the ac?tijdéﬁgt%ﬁgyrhgg?%? I%\%\ith t he pgrcti ofalg 34 ande 43 providing,

el ect r 5 cahctuatbethapmag ohliydre2% Tass effivgenhthan adlaFagfuatgs whielemanany situptiensr at ed
t he planar conductive_ heating circuit |layer includi heater..ar 50 and
351 whi chvaltge @h@@@@hﬁé@%@ﬂ%ﬁ&%ﬁ% atl“?i&?éﬂ .ex{%ﬂgg?ﬁgétflgwal%ﬁgglrds s are
formed on ejthar eﬁig?ﬂ%ﬁ"ﬁé’?ﬁfﬁwg"ﬁl Abd$9a FRgdcridigy are narrower toward

the fixed or proxim e actuator arm giving increased resistance
and t her ef or e P&t BOighands illexpeed theraddition lof therfog love!l el layes siéchpseludesm of
the heating circuit layer 352 is electrically isolated fromthe arnms 350
and 351 bynableiliBesifo A%ty 355 and provides for structural support for the

in paddl e 356 The .diSCORL Lk i - 0S5
i n ﬁ € %?H(%NQ? tﬂ%égés)ﬁﬁslhﬁé{%& MlerE@é/OSrqulg@el ?:ri{%?l 5‘1@’?‘ ani thenestiata inSiné

typically a narr slo 0 at 355. In there is illustrated
t he porti gog, StlotibiinsdI,EClocn20) Q2294 TEA6 and dEnR%gV- §20,00mb 83 VandLHut er

nozzl e chanber 354. Turning to Fig. 85, there is illustrat a tion 360
of a arrayn ﬂdltlmt%ﬁs&qlﬁt%f%ﬁtﬂiégmpﬂﬂlﬁr@#]z@%rt@ 3&§v hJS‘SQOFWﬁ?%?@ggglr Btips 361
- 363 with_ .eac providi ng separate color 30 output (cyan, nagenta and
yel | ow) s¢™ %e(f%sggpéf%g@iﬁglgp%%l three color printing. A series of standard

cel | clock bufffugiag aow ta ¥l 83shate iitlesteat@bie ilsrdilesel metalMayteavhich iadiides on t o

bond pads 365 for interconnection with t external circuitry,
03/ 018315 peaivnd492viniol s3ntilized gha packibicts eﬁggﬁﬁf ,fn%ﬂé%th&g’ﬁét?"s%g uag‘%% R8
spaced apart..rows .of .i.nk. ej ect | 8%y iR B Sadvig 333 heat er
act uat or @0%% lﬁPE}!lzeé]?a%{H%ﬁudg?&a%g‘g&%ne F%Fegnwgﬁ e e layout in a cut
away nannet;rowafng eBectidabint@t@mectBoiid. i | lustrating the layers up to the

Polystiicon | e’l\‘/u?'lliﬁg ﬁO\S;ve:cg %Tg 8%[ tef\lgresiz ;hllisltrlatléatt}ieasliarrl]a% cE)rrllguctive heating circuit layer
including heater arms 350 and 351 which are interconnected to the lower layers. The heater
20  arms are formed on either side of a tapered slot so that they are narrower toward the fixed or
proximal end of the actuator arm, giving increased resistance and therefore heating and
expansion in that region. The second portion of the heating circuit layer 352 is electrically
jsolated from the arms 350 and 351 by a discontinuity 355 and provides for structural
support for the main paddle 356. The discontinuity may take any suitable form but is
25  typically a narrow slot as shown at 355.
In Fig. 84 there is illustrated the portions of the shroud and nozzle layer including
shroud 353 and outer nozzle chamber 354.
Turning to Fig. 85, there is illustrated a portion 360 of a array of ink ejection nozzles
which are divided into three groups 361 - 363 with each group providing separate color
30  output (cyan, magenta and yellow) so as to provide full three color printing. A series of

standard cell clock buffers and address decoders 364 is also provided in addition to bond

pads 3635 for interconnection with the external circuitry.



5 layers up to the first level netal, the area 372 illustrating the |ayers
up to the second level netal and the area 373 illustrating the |ayers up
to the hewDas/owstuat or | ayer. The ink ejection nozzl es ar®@Cgraawpearcs n two
groups of 10 nozzles sharing a common jynk channel through the wafer.
Turning to Fig. 88, there is illustrated the back surface of the wafer
whi ch includes a series of ink supply channels 380 for supplying ink to a

front 10 sur bl sd1 883 cIdistd ot tivoGBhdediapatt ek d ofihR @jed@orAé¥yzldsnes on
the 4" print %%glgjol(??t% hi’er a?chy as shog/n ia% the replication hierarchy

tabl e bel ey 36I7fmdilhgmdug aheatelr actuatdrZlement. 0.5 micron (0.125 micron). Many
of the ideal transformdistapnces fall_exac

ly on_a gri ] . t hey
do 15 not, thEigdP5ibEye eng d’_éd’v?ré‘u W@uﬁ@e?r%gﬁwégfné%%%%@ a eglﬁegunded
number s aﬁ’f‘q]ﬁfﬁ‘;%ﬁ}in thd1ayBR Pb ¥d pifysilictiGedel 2ASkOstParad 87 NBlagitag the om t he
center of e corresponding ' nozzles in all cases. The transform of a group
of five ewserstpastesirstrieoelfatel, thedrea¥2l iBssteating thetayiry up to the sgonddevel i on.
The translation for this step occurs froma ition vvhire all five pairs

of nozz| metaandthe agad T34 Ineragiag the layeregp B%Shg%%ﬁ%acﬁ@f?r 8527 00763 25
Ropl i cat i on Hygt i T 21800 SRk Bi ) o o it Bhail s it ual

units mcrons unrts-m crons 1tra ion 45 1:1 1 0 001 Even
nozzl es i michandel Shrdu@bthe afat> Thirdig 18Figl 8% 2Bere isilipsttrted d daclosrfase of n 180

2:1 10 1 127 15.875 19/16 198* 24.75* od ina Cwy .0 3: 0 51/2
699* 87. 3B wafegghich jncludes a serigsRfdnly S“E%P?Bb@}fé‘n%é 5 g@ f%é!lﬁﬁﬁ’é‘é l%tof’z%?fﬁws. 75
00 01op0g%'rfa(1)clép 5 Podgroups per 0 2:1 600 100 12700 1587.5 0 0 O firegroup

Replication
The unit cell is replicated 19,200 times on the 4" print head, in the hierarchy as shown

in the replication hierarchy table below. The layout grid is 1/21 at 0.5 micron (0.125
micron). Many of the ideal transform distances fall exactly on a grid point. Where they do

15  not, the distance is rounded to the nearest grid point. The rounded numbers are shown with
an asterisk.. The transforms are measured from the center of the corresponding nozzles in
all cases. The transform of a group of five even nozzles into five odd nozzles also involves
a 180° rotation. The translation for this step occurs from a position where all five pairs of
nozzle centers are coincident.

20



6 Firegroups per 0 4:1 2400 200 25400 3175 0 0 O

8:1 19200 800 10160 12700 0 O O print head O Conposition
exanpl e ovoa3did3mth print head suitable for use in caneraPphottwpodtesi ng as
5 illustrated in Fig. 89, a 4-inch pringshead 380 consists of 8 segnents

eg. 381,

part of tf,

each segnent
segnents prints bi-|evel

QEQV ‘}Riéﬂgn H’?er&rc

cyan,

Taki

ng the

segnent 7 Segnments per O

is 1/2 an inch in length. Consequently each of the
magenta and yellow dots over a different

gﬂqgglet he fi naI i mmge. The positions of the 8

SegITEI'ltS SRoWHR—+h TR LIII S~ CA IIIJ: <, t:IU |9 | t hﬂdd ib asSsS ITEd
to print| dgts at 1600 dpl, eacr dot [is 183.875 mcrons in dianmeter. Thus
each halt-inch segnent 19\rr|31t< 8Q0 |dots,| with|the 8 segments
correspondiflg to Positijows |aszil|l tratq_‘d [ ngth followi ng table: WO
03/01831b FXIT/ AUOR/ 007632 26 eg t {Fi gst d@t ast dot 0 0 799 1 800
1599 2 L6® 23998 3 2408 319 4 3200 8999 5 4000 4799 6 4800 5599 7
5600 6399 At hougd each ?eg n@t predyces EOO:>do s of the final inmage, [each
dot is representédl byla cqni®ndtion |[of bi|-1evel] cyan, nagenta, and yeéllow
i nk. Because| the printijng ils bi-|l evel|, tHhe inpyt inage should be dithered
or errorqdi ffused for Rest |resullts. 3 Fach segment 381 contains 2 400
nozzl es: {800 each of cyan, |magerjta, dmukelsql IGoid. | AActfab||rRitetsciCrisk rictile 4d
contai ns|8 such segnentls fqr a tjotal |of 19, 206 nodebey. The unity pmeesongi|t hi n
a singl e [SgongRta fkBolr{owpdd 1fior] reasdons df phygical dtabillity ps owel|ll as
m ni M zatT PN gic, ROWET;,, dORsUNRL qn gur[ing or i7aL1 nga1fs [t ens o+ physscal
stability, ps shoan 1 Fig. 88 |groups of |10 noZzl es gre grljoupef togetlher
and shar ¢4 e SFRIE LT g Roamannar fHESET YOI [T - 12h N [TH&H% |01 YROWeE+ foagsmt i on,
t he groupi hgp argpoqa so tlhat gnly 96 nozzl es |are fired s|i nul {faneougly
from the reptpe prriy o[ STTOE 1™ 39 N0%34°Y SABH |0 Be [ 880 | 111125
tripod
4 Tripods per 0 | 10:1 | 300 10 1270 | 158.75 0 0 0
podgroup
5 Podgroups per 0 2:1 600 100 12700 | 1587.5 0 0 0
firegroup
6 | Firegroupsper | O 4:1 | 2400 | 200 | 25400 | 3175 0 0 0
segment
7 | Segments per 0 8:1 |[19200| 800 | 10160 | 12700 0 0 0
print head 0
Composition
Taking the example of a 4-inch print head suitable for use in camera photoprinting as
5 illustrated in Fig. 89, a 4-inch print head 380 consists of 8 segments eg. 381, each segment
is 1/2 an inch in length. Consequently each of the segments prints bi-level cyan, magenta
and yellow dots over a different part of the page to produce the final image. The positions
of the 8 segments are shown in Fig. 89. In this example, the print head is assumed to print
dots at 1600 dpi, each dot is 15.875 microns in diameter. Thus each half-inch segment
10  prints 800 dots, with the 8 segments corresponding to positions as illustrated in the

following table:



maxi mal |y distant, 12 nozzles are fired fromeach segnent. To fire all

19, 200 nozzles, 200 different sets of 96 nozzles nust be fired. Fig. 90
shows schwoaBiocsslis y, a single pod 395 which consists of l@cmodambkesrehunber ed
15 1 to 10 sharing a common ink channelsupply. 5 nozzles are in one row,
and 5 are in another. Each nozzle produces dots 15.875min dianeter. The
nozzl es are nunbered according to the order in which they nust be fired.

Al t hough_ t he nozd4t Rl 11 Fefs{ddt T NS alaeb, the re! at i pnshi p of nozzles
and physical pl geerweg—of—dots_om tie prigsted page is different. The
nozzl es from one Lgudlepr\sent Q he —20-evepdots fromone line on the page,
and the nozzles qn thk other rBW _ese@%-m)dd dots fromthe adjacent
line on the page.| Fig2 91 |show$0® he gane 238 239% with the nozzles numnbered
according to the |ordes in |whi ci400 hey [nust31B® | oaded. The nozzles within a
pod are thereforg logscallly sepasated by 39b®e wi dth of 1 dot. The exact

di stance between [The ©iozZI[es Wghh degend gmo t he [properties of the ink jet
firing 25 mechanifsm—fmtHe begp,casq, (Igepri n| head coul d be designed

wi th staggered n **Iei degston Jto |utbq$5|e fflow of paper. In the worst
case there is an Eﬁrn. of 11/ 3200—dpi——VWhi+e—W5-03/ 018315 PCT/ AU02/ 00763 27
this error would be viewabl e under a m croscope for perfectly straight
lines, it certaj i i ; E1RB6H1§ rdprdegted AS
shown in Fig.A@ES&%Hﬁ%%L%%%%ﬁngwgég%?$ﬁéﬁ%§gﬁﬁgg§, &ggnta.19;? and Yel | ow
396 uni t Spy aEEmBINAHMEE bifbvelyhr, inppentdNdhd yellowi ipbdBecepsesbe pristingis bidavel,

hori zontal set of 10 5 dots, but on diff reg% l.i nes. 1The exact distance

bet ween dihiefiapus imageshopldriditheasserrsromdiiiysed forhesi &uner at i ng par anet ers,
and may vary f£rqm one i j . . i end&enswdsr ed
to be constgﬁ(%h sf?ﬁﬁ‘%rel{rﬁ%éoﬁg?ﬁ%’mé@kgdg%es%h? Eg%?gfag&gg taﬁkjlgn into
account  YWiRBndH prititiheed congingl®kachveiznicnd fawya tobed of Y8200 0ezdless will be for

different lines than those printed by the g nta or || ow ZJS s. The
printing al gofThe nmn&qssw1tlan|a@mgiwegalevéilﬁ£mvé’e %@f f&?@f‘éﬁﬁ%‘lyﬁ’ﬁa{]ﬁ%@ ‘S’Lﬁs 8
dot-wi dths. ~As i.ll| ustrat N Fi 1L Rﬂ% i liged
into a si WGP@S %Bﬁ?lgﬁbonﬁO%éF%%ng%gﬁ atgrrlfl%glg C "?gtizerﬁlgl 9%5%@%}?12(:‘23{ g??nlégch
podgr oup eI IBERIQFEDESE 10k zley are, grafiiRd togegieartaad ande 1@Gayelinlow

nozzl es. The arrangement is shown schematically in Fi gI 93, wi éh Er%é)ods
nunberied ©hnelltesertbis Ianernsdmreen cansiEpEAR. the Eyames sregnadsse Bet oty

larity. 15 As shawn i. 10, 94. t B
A1) are SBrde LR el et TeBRHR i hosd SRR AdIARRoRRe L Ch

segment 415, EAtdiSRAIR N hozAdSare Fédiom chclf sspagma Masfire Biiel 00 trmnzles,280ween
adj acent firegroups is exaggerated for
different sets of 96 nozzles must be fired.

Fig. 90 shows schematically, a single pod 395 which consists of 10 nozzles numbered
15 1 to 10 sharing a common ink channel supply. 5 nozzles are in one row, and 5 are in
another. Each nozzle produces dots 15.875um in diameter. The nozzles are numbered
accordingvto the order in which they must be fired.
Although the nozzles are fired in this order, the relationship of nozzles and physical
placement of dots on the printed page is different. The nozzles from one row represent the
20 even dots from one line on the page, and the nozzles on the other row represent the odd dots
from the adjacent line on the page. Fig. 91 shows the same pod 395 with the nozzles
numbered according to the order in which they must be loaded.
The nozzles within a pod are therefore logically separated by the width of 1 dot. The
exact distance between the nozzles will depend on the properties of the ink jet firing
25  mechanism. In the best case, the print head could be designed with staggered nozzles

designed to match the flow of paper. In the worst case there is an error of 1/3200 dpi. While



clarity. Name of G ouping Conposition Replication Ratio Nozzle Count

Nozzl e Base unit 1:1 1 Pod Nozzles per pod 10:1 10 Tripod Pods per CW
tripod 3:Ww03B/018Bexigr oup Tri pods per podgroup 10:1 300 Fi Pegraawp/o@osigr oups
per firegroup 2:1 600 Segnent Firegroups per segnent 4:1 2,400 Print head
Segnents per print head 8:1 19,200 20 Load And Print Cycles The print head
contains a total of 19,200 nozzles. A Print Cycle involves the firing of

up to all B2 718 5iblcIBREN S Rt RBpS RS PelibaTyRtai i lines, beepninhy will A
Load Q/clteh?g?ljﬁgv}gf@ég thee | oadi ng up of the prpi nt head z%/)Vli'ﬁth the information
to be prinotest muppagnt ine Fotcauiydegimeage. Pri nt Cycl e. Each nozzl e has an
associ at ed Nozzl eEnable (289 of Fig. 76) bit . th erm /018315
PCT/ AU0O2/ 00764$ SWQ\HbFllgegz’ PfeﬁBPdgfl‘?Bfeﬁ %&W% Sﬁusf?%ené%ﬁjﬁén% hyegﬁﬁ‘rgi nt
Cycle. Th i hioS: A8 4067 A tiiRAZESreseHiEthb QARE Hol dhta seedf 10f
shift reg?g e@?f%%?@gﬁdﬁ{;}%t%he@e are 3 shi ftﬁr}:’egi sters per color, each 800
deep. As HbfsShialoa diffiérehtdihes Tie extbadisthidetbetvegpnstierentuojoraiods depeads eritheo t he
| ower and upper nozzles on alternat%ég?l ses. .5 | ntern%ély e(%ch go(g q)%ep
shift reginkjetonesatingrRFamaelersdpgy Yoy Igabepedpk 44t 1o Gref e TEHRcG G o8 | o
upper nozzl es ed NQZFHL End AubEhRtRe Bé takeRirRo atolhed
into the SPt¥ c}eﬁgcffe%b%{hn%og?tﬁgﬁﬂﬁg%e?‘gg?ﬂ;\?ﬁ%,?1(}” as the external interface is
concer ned wieweyiafing: thedets pained dynlp eyaB @0zzleeeill whfok tiffesgitdines thadtseal | t he
shift registers have been fully |oaded (800 pulses), all Ql{l tPe bits are 10
t r ansf er r @dnied bydhempaenta r yRlowapaszlss, TheRIMYHE 2 @E%‘HBII@SB? QY 16F R W80 at es

to a single paralle 3 f 19,200 bits. Once the transfer has taken
pl ace,lbthéilﬁgﬁﬁcﬁpp&%:]?oellttggd%§%§&gt}l%. The Print Cycle and the Load Cycle can

occur si mul t apgqusdataSinREP3a30 trhywdpag. 0dete diganized indd & sinlozorgfnaifi0s. bit s
occurs at the end of the Print Cycle. In order to 'fr.@%t a 6" % 4" | e at
1600 dpi iSincssgchpiriped sa@ins3Naozzles, cpch pedgzepproafains 3)0g0zgies:JUBgHan IS (6
x 1600) . Roundi n ! X ' E5RE%n ¥eHRhfBicaly ih s, 193 Ridf
200 nicr o%%g(?ﬂt(?sa%dieg iyglé‘ﬁ‘gn it T&%%I’%&gﬁlgﬁa s?ng?e Loadcq}JcI e %rus; bot h
fi Vni sh wi ttﬂi)&ls numbered 0-9. The distance between adjacent tripods is exaggerated for clarity.
15 As shown in Fig. 94, two podgroups (PodgroupA 410 and PodgroupB 411) are
organized into a single firegroup 414, with 4 firegroups in each segment 415. Each segment

415 contains 4 firegroups. The distance between adjacent firegroups is exaggerated for

clarity.
Name of Grouping Composition Replication Ratio Nozzle Count
Nozzle Base unit 1:1 1
Pod Nozzles per pod 10:1 10
Tripod Pods per CMY tripod 3:1 30
Podgroup Tripods per podgroup 10:1 300
Firegroup Podgroups per firegroup 2:1 600
Segment Firegroups per segment 4:1 2,400
Print head Segments per print head 8:1 19,200
20
Load And Print Cycles

The print head contains a total of 19,200 nozzles. A Print Cycle involves the firing of
up to all of these nozzles, dependent on the information to be printed. A Load Cycle
involves the loading up of the print head with the information to be printed during the

25  subsequent Print Cycle.
Each nozzle has an associated NozzleEnable (289 of Fig. 76) bit that determines



this tinme. In addition, a physical process external to the print head nust
nove the paper an appropriate anmount. Load Cycle 20 The Load Cycle is
concer nedwwiosio1d3endi ng the print head' s shift registers wpPCh/Alve/0omsxt

Print Cycle's Nozzl eEnable bits. Each sggment has 3 inputs directly rel ated
to the cyan, magenta, and yellow pairs of shift registers. These inputs
are called Chataln, Mbataln, and YDataln. Since there are 8 segnents,
there ar I ' {hB BsinPEXclpr ThE NbeAsEnabledits goree gral se on
t he 25 S%%%ﬁinﬁe{héﬁg?gIc‘iﬂrblgtrév:gg%néaII 8 slerents) transfers 24 bintm;I into
t he appr opszzid) eredbadeid via e gétstf ehift registeex nat e pul ses transfer bits to the

| d | tively. Si t.h . . es.
Lotal of 800 EABGL hrie sehn Fapeirel nepetr st B0 ddhead B Y sRRG R 3
have been htersﬁﬂff;egi:;sl{se? ‘fheyo égi?&h@d BUhSRWRR aﬁchf Igp%? absded By ARsAAE phlbgse causes

t he paral?el er ata fromthe shi registers to the appropriate

Nozz| eEnalmenkliy, sachT800-dezp ahifedegisdis coampsised of/iveo 400sddepshifhrepiFtosy e oSt
take place after the Print Cycle has finished. her wi se.t he | e
bits for theapperiozalesigdmne e e nBéZq?%ggﬁe_F‘@g ‘?fss*}rﬁg%ftﬁlnt‘gla‘éeég‘%ngﬁ 5 are
| oaded wi 1 “e}ggl%é}gdeﬁsu g@%%gh&ésh{aﬁgl ihﬂa?fa@é istoh@enaDidwses thR: B3 H383 860

PCT/ AL02/ 8B produce ata in the correct sequence for the
pri nt headeefp%ifafbgmnpl e, the first SRC ock pulse will transfer the C, M

d b h 1 | 1 1 1 |
180" i’ shota s oo b e B R R, £
> e | i a i 1

'S é@i %rg\]?s[fgegc%la@ra%agfeg%ﬁ% gﬁﬁggﬁqﬁte NozA8Enai60ids. TRA G huatdd Bla sie baraAi8D

and 5 ses, the Plransfer pulse can be given. It
i S i npor t aahsfENOI0tHIB! Ohdethe deingfachas vaken @lack) tha RdntCyele pan begim(Theough

printed during the same Print Cycle, do not appear on the s i.cal
out put | i Reint Cyele prd/theda1ad (slsHaa1FSH SHT‘“E?&‘G"%“I%&*‘@\?B% a%@’fﬂa@gﬁ}"%%ﬁa@he

print heaq, a ] i zl es of different colors
ensures t Z?ﬁﬁ@ﬂ%bﬁ?o%ﬁg%%é%ﬁn SI fcf‘};e&?%nt lines of the page. 10 This
relative diff e greetoPisit e xas daiant edl G00rdpivmesay Roadindy, thed" grinthead npist he
print head. The actual difference in |ines depends on &he (ahali.ac]E.eri tics
of thdsi nipring9,60 lnes (@ x HORoundingaipdo 19{00dines By £5rceudsapldpa iga Hme gy 1y
vari abl es and D2 re DL 4 I t i ihid er ent
colors (I izgélwcvﬁ?cﬁggg% %n%e,ﬂ@ﬁwgﬁ%gﬁg hq%?edlf (ga;aa cgéq%lg?\;\%lgﬁﬁmﬁ%??ﬂlhies of
the same Ggk@ine( I 4Rlition alph§sical brocedadxiena ts ovyint headimuist hoerthé papezdnt o

segnent n 15 of a print head on the first 4 pul ses. Pul se Yell ow Magent a
Cyan appropriate amount.

Load Cycle
20 The Load Cycle is concerned with loading the print head's shift registers with the next

Print Cycle's NozzleEnable bits.
Each segment has 3 inputs directly related to the cyan, magenta, and yellow pairs of
shift registers. These inputs are called CDataln, MDataln, and YDataln. Since there are 8
segments, there are a total of 24 color input lines per print head. A single pulse on the
25 SRClock line (shared between all 8 segments) transfers 24 bits into the appropriate shift
registers. Alternate pulses transfer bits to the lower and upper nozzles respectively. Since
there are 19,200 nozzles, a total of 800 pulses are required for the transfer. Once all 19,200
bits have been transferred, a single pulse on the shared PTransfer line causes the parallel
transfer of data from the shift registers to the appropriate NozzleEnable bits. The parallel
30 transfer via a pulse on PTransfer must take place after the Print Cycle has finished.
Otherwise the NozzleEnable bits for the line being printed will be incorrect.

Since all 8 segments are loaded with a single SRClock pulse, the printing software



Line Dot Line Dot Line Dot 1 N 800S N+D1 800S N+2D1 800S 2 N+D2 800S+1
N+D1+D2 800S+1 N+2D1+D2 800S+1 3 N 800S+2 N+D1 800S+2 N+2D1 800S+2 4 N+D2
800S+3 NARDO-BRA1IBOOS+3 N+2D1+D2 8005+3 And so on for all 8®0TMI0eE763 The 800
SRCl ock pul ses (each clock pulse transfeggring 24 bits) nust take pl ace
Wi thin the 200 mi croseconds line tine. Therefore the average tine 20 to
calculate the bit value for each of the 19,200 nozzl es nust not exceed 200

m cr osecopds: drod 2L Futd th hBRESES EGRnCcRE thetiint Dead: | Aacinaskatapleo thelferstpr i nt
head at a&rra ir(r)rum rate of 10 MHz &ﬁv\ﬁich will load the data in 80

m cr osecoSRElockipaiskiwil] ttansferitied’. iV, and Yibivfordhg next Baigt Cyele's det % 808, 198-

i ds. Pri | e 25 The orint h 0, |
Fi et honbiith 3200, Ao ol e sh0B. e Roome SECRRRuRl S o BEET Mapal®
terms of §akrok ld doy PAfk OMS! Bor 10661,/ 180E BRI, 2203, BODE 4801 d SEOAC dter 800

therefore consists of 200" different phases. 96 nmaxi nally distant nozzles
are fisedSRCivokauisepiths BTrdnsfer pulsocan beodiverd, 200 nozzl es. WD 03/ 018315

PCT/ AU02/ 00763 30 4 bits Tri dSel 1,of 10.trj
Fiteqroup) Th ivgupesiast oo PebihE 20N ShOEHE Gotfart § il OER i & nce
al | SeQmQﬁﬁn@g.saﬂ% pad: & ﬂ%,%oqﬁﬁ%ﬁﬁea} BE t1RAFReBHySicaldugia l1igg. Thehydidal

nozzles from@ given seg come equally froméach firegroup. Since there
are 4 fir egagitips of 3ddead bes fozeles fithin the phinGheady asgwellips sepawtion hefygPs ar e

lor. Th | d ined by. 4 bits eSel |
2"0f "0 noemuotrBa Uy et ATORTIoRN o phGTRGrE AR aRt, o
the ARpablrs;-and;BEARlL biPhe Weblied Farindhbadthsiiie i/ ina e BasidicadpB

nozzl froma I'Tegroups respectively. uration of a ﬁzé)ul se depends
on the vi gresttuy diffeichee inlines degradsientheanhatagtepistics afrtke wldet us
characteristics) 10 and the anount  of r.avajlable to the print head.
The AEnabheaddie Biffpignces saebedsined by Vaﬂ?%ﬁgsle?P ag:hﬁ‘?&? 11FElée (ﬁ?tfl?‘f‘?g pul ses
can overl ap. & | i LbEE 16835 lafd £0Rsihe distifce bOebn phases
and 100 B%gwa%g?&%%%@ﬁ%‘gqg&g‘?‘\%%@%go sets %fa P%se A and Phase B. Wen
a nozzl e fhofAss ofithe bakesolaplikekivahicet ¥). Tablerdi shows dluodats tremsferesd; tbsegmenta i s
not a problemsince the entire Print Cycle takes 200 m croseconds. The
firingSof ohapeiryheadgngdhe fisst d4k68 perturbations for a linmited time within
t he conmon i nk channel of that nozzle's pod. The perturbations can
interfere with the firing of another nozzle within the same pod

in the print

Pulse Yellow I Magenta I Cyan
Line Dot Line Dot Line Dot
1 N 800S N+D, 800S N+2D1 800S
2 N+D, 800S+1 N+D+D, 800S+1 N+2D;+D; 800S-+1
3 N 800S+2 N+D, 800S+2 N+2D, 800S+2
4 N+D, 800S+3 N+D+D, 800S+3 N+2D+D, 800S+3

And so on for all 800 pulses. The 800 SRClock pulses (each clock pulse transferring
24 bits) ﬁust take place within the 200 microseconds line time. Therefore the average time

20  to calculate the bit value for each of the 19,200 nozzles must not exceed 200 microseconds /
19200 = 10 nanoseconds. Data can be clocked into the print head at a maximum rate of 10

MHz, which will load the data in 80 microseconds. Clocking the data in at 4 MHz will load

the data in 200 microseconds.

Print Cycle
25 The print head contains 19,200 nozzles. To fire them all at once would consume too

much power and be problematic in terms of ink refill and nozzle interference. A single
print cycle therefore consists of 200 different phases. 96 maximally distant nozzles are fired

in each phase, for a total of 19,200 nozzles.



Consequently, the firing of nozzles wthin a pod should be offset by at

| east this anbunt. The procedure is to therefore fire three nozzles froma
tripod (oweoorsi® per color) and then nove onto the nextPCrrAypedoisdt hi n

t he podgroup. Since there are 10 tripodspin a given 20 podgroup, 9
subsequent tripods nust fire before the original tripod nust fire its next
three nozzles. The 9 firing intervals of 2 m croseconds gives an ink
settling tine, gt; | of f@fHRas edd ¥ firdghsuphi ri ng order is:

Tri podSel ect O?Bﬁ%ggpg%%ﬁ?%%e?ghases A and B) 25 'IETr)l podSel ect 1,

Nozzl eSel ect Thd FhaseresAirad dadB)roundrequatsdSdRaiet seEmaub ki I segPeNs f¥hases A

and B) TripodSel ect /9, Nozzl eSel ect...0 hases . i el ect O,
Nozz| eSel ®ied ¥p (ppacesptha safpe PR Sl%? TTrEo]((fg%?zégets f@,ﬁﬁlglzz%gg%ﬂ%dég &i{é( Phases

A and B [ : i 2k fEE 0B €ih018315
PC‘Ia' /n AUO)2/ B%I?gg?gﬁgfcﬁflug%rgggIzséié(feigé@%}o%iIﬁg%g?\g%ts 380( Phas)és A and B)

Tri podsSel giederup. Wae 3nedbeat ofe peiadesThe nontlaB)ardetermined bhases A and B

can overlap. The duration of I wi | so vary due to battery power

and ink vi scosi4tb§/tsWfléﬁl%ﬁgégfﬂff%n?%hﬁgjf%ﬁrpgfl?/ Fig. 95 shows the 5

AEnabl e and_BERal,Gibh BEfeditinen1R il ¥RER BY RTADLGRY SEBEndiRERRSPKIEhame The
) ead produces sévera

Print head The prin i nes of feedback (accunul ated
from the ghesR@iFRstip®) and PoterdupBaivacles Fiomeall firegrdyes uespertivelyadpeideratieof 4 mi ng

of the firin ul ses. Al t hough each. ment produces. the sanpe.f : t he
feedback priAdaInds e therviscosupbine ik Capepdent onysmpmpyre Apd K thaGERRRED
Consequent | %Bq%%%ou%PSfAW%%ﬂ%ﬁe A thi BBnGRAd PIIRVAERaHI € SeibBEKabl L Uk segaton

e 1 ne d wt

t he Sense data on CYAN enabl es the sense |ines for
t hat segmebs in ofher thaabbitke pelsaccahiovedam Mhuathef 200 phases of TPeRLEYIALORAEE t he

troll h hot th int head [s.. Thi | | th trol dj ust
[i'mi ng. of of A0 Acphssescwation theisoresffesire i @ ver Dlves PRERTRA B Fpst P e
nk. 15 vsensg, | nf Lg%, e £0RLI Rt EimbRY TOERiohadR 1 oy altiahlrerho the

actuator. This e contr er to conpensate for a flat battery or
hi gh vol t ageblemufiee thyerai Bahi Oglé tkes 200 merosedorls. The firing of a nozzle also

15  causes perturbations for a limited time within the common ink channel of that nozzle's pod.
The perturbations can interfere with the firing of another nozzle within the same pod.
Consequently, the firing of nozzles within a pod should be offset by at least this amount.
The procedure is to therefore fire three nozzles from a tripod (one nozzle per color) and
then move onto the next tripod within the podgroup. Since there are 10 tripods in a given

20  podgroup, 9 subsequent tripods must fire before the origingl tripod must fire its next three
nozzles. The 9 firing intervals of 2 microseconds gives an ink settling time of 18
microseconds.

Consequently, the firing order is:
. TripodSelect 0, NozzleSelect O (Phases A and B)

25 » TripodSelect 1, NozzleSelect O (Phases A and B)
. TripodSelect 2, NozzleSelect O (Phases A and B)

. TripodSelect 9, NozzleSelect O (Phases A and B)
. TripodSelect 0, NozzleSelect 1 (Phases A and B)
30 e TripodSelect 1, NozzleSelect 1 (Phases A and B)
. TripodSelect 2, NozzleSelect 1 (Phases A and B)



Rsense inforns the controller of the resistivity (Ohns per square) of the
actuator heater. This allows the controller to adjust the pulse widths to
mai nt ai n Womdns3aht energy 20 irrespective of the heat er PCESABROWI6S Y.
Wsense inforns the controller of the widih of the critical part of the
heater, which may vary up to 5%due to |ithographic and etching
variations. This allows the controller to adjust the pulse width

appropri aj el y7iPsfueat sMgs1RR1eEhe (Phdses AnRgdB)ocess has a strong tendency
to stay at the equilibriumtenperature. To ensure that the first section
of the pr# nt eBriphdfeteyt §pNotrdaSeiect 8 (Bhaseseptand B si ze, ideally the

equi libriumtenperatyre shou be net before printi LS. 1S
acconpl i shed D]gEF atigﬁé%“* o dat © iappﬁgﬁgg? 1%8??%3%%%2@%‘3%?%@0 Load
Cycle to ﬁétherfpéfréﬁ&d%k Disbsityi(whichBhfiged Syie tEmR&Qtd?@ZFigESS tiovidthe) , and a
nunber of sho Iring pulses’to each nozzle. The duration of the pulse
must be i AFnbbleand BEnableflineedydng atypjrs] PimitCysltaugh t o heat up the ink
surroundi ng the WD 03/018315 PCT/ AU02/ 00763 32 heaters. Altogether about
200 pul ses, for each zzl.e are required, cycling through in the sane
sequence %M%EBMCI e. Feedback during the Preheat node is
provi ded by T¥hapsnt larad pratvcessessralilings|of fepdbackufarusnylatad fiopphe Ssagments).
reached (about 30 C above anbient). The .duration.of the 5 de can
be around 159 f“rﬁdfs’f‘ci ines e be Uied e aﬁluﬁtetn? HAeE ?%tgg_élngggﬁgséA\%ﬁ@%%ﬁa%mnk _
conposi ti Qés‘gméar{%?fgdutgﬂﬂe khefdeabRKME @@é_dﬁaﬂ@otﬁraﬂl%bﬁlh@lﬂﬁi shas tHeltemb @til owi ng
connecti ons: me

#Pins Description Tripod Sel ect Sel ect which tripod
will fibr e s 19)s linde AZdrsSpieatly odlySak segmenttiat htimszzh pravidsieedhackod mulselon j r e

(0-9) AEnable 1 Firinhg se f.or.pod A BEnable 1 Eiri o r
podgroup thecrsaselinable trje gﬁja?g i lﬁ‘rﬂ?g"} 01?{8% ﬁna?ﬁ?sf%ge PEGT E{leesrfag%ha{’s%ee}%% 's 0-7
MDat al n[ O ME?‘[B i nta shift register of segnments 0-7

YDat al n[ O- f%%e %&vgﬁlﬁ%%}?%ﬁygﬁggw shift register of segnents 0-7

SRC ock 1 A pulTzensennfoREs telcopSbildrthRphict ther @insdkyd 1soBlis atlpes thgrcostiellsrdp ues

from CbDat al n[ 0-7 | n[ 0-7 Y| I - | n[. O- .
adju[st timln’g ow?r}nag pu[ls%s, 1nc%r‘ggmpe|::r)gttu?e a COCtSC%EgtV%C(?EIIt?/ oythe ink.

15 » Vsense informs the controller how much voltage is available to the actuator. This
allows the controller to compensate for a flat battery or high voltage source by adjusting the
pulse width.

« Rsense informs the controller of the resistivity (Ohms per square) of the actuator
heater. This allows the controller to adjust the pulse widths to maintain a constant energy

20  irrespective of the heater resistivity.

 Wsense informs the controller of the width of the critical part of the heater, which
may vary up to = 5% due to lithographic and etching variations. This allows the controller

to adjust the pulse width appropriately.

Preheat Mode
25 The printing process has a strong tendency to stay at the equilibrium temperature. To

ensure that the first section of the printed photograph has a consistent dot size, ideally the
equilibrium temperature should be met before printing any dots. This is accomplished via a
preheat mode.
The Preheat mode involves a single Load Cycle to all nozzles with 1s (i.e. setting all
30  nozzles to fire), and a number of short firing pulses to each nozzle. The duration of the

pulse must be insufficient to fire the drops, but enough to heat up the ink surrounding the



MDat al n[ 0-7] and YDatal n[0-7] into the 24 shift registers. PTransfer 1
Paral l el transfer of data fromthe shift registers to the internal

Nozz| eEnaWwbeslis3ss (one per nozzle). SenseEnable 1 A pul sepem/A3spsetsnabl e
ANDed wi th data on Cbhataln[n] enables 4he sense lines for segment n.
Tsense 1 Tenperature sense Vsense 1 Voltage sense Rsense 1 Resistivity
sense Wense 1 Wdth sense Logic GND 1 Logic ground Logic PAR 1 Logic
power V'he§lé§sh Qﬁgogf:t}{ér abbF 260 pilses¥8r éd2h @bRAE afd}e%lh&dpé joling figadgh @ahe
segnent has the OW ng conhections to the bon pads: Pad Connecti ons

Al t hough samessaiuenee ps & standerd @rinb€ydet ot al of 504 connections, the mask
| ayout contains

15 only 6 This is.becau t chipds '
i denti cal an&@@%ﬁ%ﬂgé@%@h?t mogE s prfﬁl.ds‘?gll??' 5%%%61 ﬁggonéglg%%glﬁ g?rﬁfesgl ont
sections . - Pl : BeN ETH i 018315
et Ab02) S e e e or sup. of 63 pads.
resul t§ ngPicheadmodéaah be apeat 50insilmacmdsfandan Poouneil dn aspordance withitlag @,
1/2") Pads No. Name Function 1 V- Negative actuator supply 2 VSS Negative
drive | ogfUMRASKIMy 3 V+ Positive actuator supply 4 Vdd Positive drive
| ogic supply 5 V- Negative actuator supply 6 SOk Serial data transfer

clock 7 M R9sidtihieraaréatary supply

The print head has the following connections:

Name #Pins Description
Tripod Select 4 Select which tripod will fire (0-9)
NozzleSelect 4 Select which nozzle from the pod will fire (0-9)
AEnable 1 Firing pulse for podgroup A
BEnable 1 Firing pulse for podgroup B
CDataln[0-7] 8 Cyan input to cyan shift register of segments 0-7
MDataln[0-7] 8 Magenta input to magenta shift register of segments 0-7
YDataln[0-7] 8 Yellow input to yellow shift register of segments 0-7
SRClock 1 A pulse on SRClock (ShiftRegisterClock) loads the current values
from CDataIn[0-7], MdataIn[0-7] and YDataIn[0-CDataIn[0-7],
MDataln[0-7] and YDataIn[0-7] into the 24 shift registers.
PTransfer 1 Parallel transfer of data from the shift registers to the internal
NozzleEnable bits (one per nozzle).
SenseEnable 1 A pulse on SenseEnable ANDed with data on CDataln[n] enables
the sense lines for segment n.
Tsense 1 Temperature sense
Vsense 1 Voltage sense
Rsense 1 Resistivity sense
Wsense 1 Width sense
Logic GND 1 Logic ground
Logic PWR 1 Logic power
V- Bus bars
V+
TOTAL 43

10
Internal to the print head, each segment has the following connections to the bond

pads:

Pad Connections

Although an entire print head has a total of 504 connections, the mask layout contains
15  only 63. This is because the chip is composed of eight identical and separate sections, each

127 micron long. Each of these sections has 63 pads at a pitch of 200 microns. There is an



8 TEn Parall el

transfer

enable 9 V-

Negative actuator supply 10 EPEn Even

phase enable 11 V+ Positive actuator supply 12 OPEn Odd phase enable 13 V-

Negat i ve wotoaalssis supply 14 NA[ O] Nozzle Address [0] (in pewAU25073
Positive actuator supply 16 NA[ 1] Nozzl gzAddress [1] (in pod) 17 V-
Negative actuator supply 18 NA[ 2] Nozzle Address [2] (in pod) 19 V+
Positive actuator supply 20 NA[ 3] Nozzle Address [3] (in pod) 21 V-
Negative agltlad Qi rSiRIedch &rl SPARObronpdf 69 Pads Seshfling(id af bxddd fepedtidtince of
Positive actuator supply 24 PA[ 1] Pod Address [1] 51 of 10) 25 V- Negative
act uat or $2.000 ynicrdfs QA[ PinidPo 1A0ress [2] (1 of 10) 27 V+ Positive
actuator supply 28 PA[3] Pod Address [3] (1 of 10) 29 V- Negative
actuator supply 30 PGA[O] Podgroup Address [0] 31 V+ Positive actuator
suppl y BL&AE‘ [0] Firegroup Address [Q] 33 V- Negative actuator supply 34
ESQHL ?7 egnup AddresNafnd] 35| Mhctidesi tive actuator supply 36 SHn Sense
Posi tive hctudtor kupply V-40 Rselnd@AREFTRIBIPPES] ot v t‘ sense—\WO-d §?0¥§315
PCT/ AUO2/ 07632 Vs Negative drive logic supply

3 V+ Positive actuator supply

4 Vaa Positive drive logic supply

5 V- Negative actuator supply

6 SCik Serial data transfer clock

7 V+ Positive actuator supply

8 TEn Parallel transfer enable

9 V- Negative actuator supply

10 EPEn Even phase enable

11 V+ Positive actuator supply

12 OPEn 0Odd phase enable

13 V- Negative actuator supply

14 NA[O] Nozzle Address [0] (in pod)

15 V+ Positive actuator supply

16 NAJ[1] Nozzle Address [1] (in pod)

17 V- Negative actuator supply

18 NAJ[2] Nozzle Address [2] (in pod)

19 V+ Positive actuator supply

20 NA[3] Nozzle Address [3] (in pod)

21 V- Negative actuator supply

22 PA[O] Pod Address [0] (1 of 10)

23 V+ Positive actuator supply

24 PA[1] Pod Address [1] (1 of 10)

25 V- Negative actuator supply

26 PA[2] Pod Address [2] (1 of 10)

27 V+ Positive actuator supply

28 PA[3] Pod Address [3] (1 of 10)

29 V- Negative actuator supply

30 PGA[O] Podgroup Address [0]

31 V+ Positive actuator supply

32 FGAJ[O] Firegroup Address [0]

33 V- Negative actuator supply

34 FGA[1] Firegroup Address [1]

35 V+ Positive actuator supply

36 SEn Sense Enable

37 V- Negative actuator supply

38 Tsense Temperature sense

39 V+ Positive actuator supply

40 Rsense Actuator resistivity sense




34 No. T Nane Function 41 V-

Negative actuator supply 42 Wsense Actuator

w dth sense 43 V+ Positive actuator supply 44 Vsense Power supply voltage

sense

supply 48 D[ C] Cyan serial
data in
data in 53 V-

Magenta s
seri al

eri al

data in 49 Y

45W0-03Mes3as | ve actuator supply 46 N C Spare 47 V+PRosiuomer6act uat or
_ Negative actuator supply 50 DM
51 V+ Positive actuator supply 52 DY] Yellow
Negative actuator supply 54 QC] Cyan data out (for

testing) oo POSI U VR Act Ual QipadPT Y 96 UM Magenta data out (for
testing) L57 &[- Negative actuatqr supnly 58 OVl Vallgw d or
testing) | 59 &+ Pdsi tiveVact uat qiNegaippicpateOuBS Negative drive logfc supply
61 V- Negaflvg actluat orwstgpl y |6@mMddwiRnsdntd ve drive | ogic suppl y| 63 W+
Posi tive CTUAT Of Suppl'yyyO 037 TR3dR aRbaldrAlgBie/ 00763 35 Fabricatjon and
Oper at i on —Ipergrees Par ATl eT R AUSE RivolRIRERSar T on M. Nom Whx. Units
var i at I onf-ArB-ent—rrerperattre—Efurronnenta at=tTme— 102550 C | Nozzl e
Radi us LifhogPaphilc Brighfness c‘:l\'&eéé“j’tve%c.mﬁtois.uﬁ%. +—i-eror—Nozzte—tg¢ngt h
Processin ess 83}1/991' 0 M 1 5 micron—Nozzle TipCont act’ Angl e
Processi ng Bré47ght ness adVuist 10( Ppsitiverotgptqy supply

48 DI[C] Cyan serial data in

49 V- Negative actuator supply

50 D[M} Magenta serjal data in

51 V+ Positive actuator supply

52 D[Y] Yellow serial data in

53 V- Negative actuator supply

54 Q[C] Cyan data out (for testing)

55 V+ Positive actuator supply

56 QM} Magenta data out (for testing)

57 V- Negative actuator supply

58 QY] Yellow data out (for testing)

59 V+ Positive actuator supply

60 Vs Negative drive logic supply

61 V- Negative actuator supply

62 Vad Positive drive logic supply

63 V+ Positive actuator supply




Paddl e Radi us Lithographic Brightness adjust 9.8 10.0 10.2 mcron

Paddl e- Chaber Gap Lithographic Brightness adjust 0.8 1.0 1.2 mcron
Chanber Ra0ioa®14313 hographi ¢ Brightness adjust 10.8 11.0 1PC2/Atioeoers3 | nl et
Area Lithographic Brightness adjust 5508 6000 6500 nmicron Inlet Length
Processi ng Brightness adjust 295 300 305 micron Inlet etch angle
(re-entrant) Processing Brightness adjust 90.5 91 91.5 degrees Heater

Thi cknessﬁi;&g&&amﬁ@rgﬂmﬂaq r[gleganggs 1.0 1. 95 m cron Heat er Resistivity

|\/B.t eril al ...v ...u.; Sh\.,u ||ccu. Cl | l
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Ar m Lengt hClaimbérBgdiesphi c Br i qhtithogrephiedi| Bghtws adiugg | 01&R 7 Hilcy ohl2 g iy |
Hei ght Prperssing Bri ght ness Bitogrsihic] () Biightfssk@justi ¢r#H00 CHafhar 6504 || misyog
Processi npnRri&hh ness adj ust &6oc@bind5 sagheesadiu€oll oroRe| astdd || AKS \fi siomi |y
Materi al s Mﬁiéwgﬁﬁé-@%ﬁ% | mprgcégsgng/q pREhtesY a6 € t emsi pn olht|epi.fl|Sdegrees

»-L

;’;Og;,am;ﬁ v MM TR D RsRs | %Ré%ﬁl VBT §T 85 S| Pragr[amoed hicfon? 5
Terper at uf B BESAYYe) oner At i MA“MShe | REEUE® 110 o SRS T8 | poiem |
Pr ogr anmmejiHeatep Young'g Bogubys |k  Meipiialy NMagle desipny pngr49 46005 |, 850, a

Act uat or Ebi@@ens@er at i on [ReaMatiiake 2 MeSk design 2, 85 400Dy j 360 Buf¥8 \Aﬁﬂ#ﬁﬁ
Xtal OCsc.|Besgcrequired 1.299 MaBfdks 1. 30dk desigr oseq IX i /e 9% dnH6st jod 0/ °C
Resi st anc ,Hg’dice(?%@él ng Real - T[T MRnoraghi? | Redl-te W Faliringst | on2sTgnp.3s (|Tinddron

Ereg_lc?tsﬂrgdgk%r; {h ”y ueb'gl %%6;;1’3 & AW atme BATT ETY 201 1 agiy (eg.at{l Gficron

Actuator Glass Thlckness Processing Brightness adjust 1.9 2.0 2.1 micron
Glass Young's Modulus Materials Mask design 60 75 90 GPa
Glass CTE Materials Mask design 0.0 0.5 1.0 10%°C
Actuator Wall Angle Processing Mask design 85 90 95 degrees
Actuator to Substrate Gap Processing None required 0.9 1.0 1.1 micron
Bend Cancelling Layer Processing Brightness adjust 0.95 1.0 1.05 micron
Lever Arm Length Lithographic | Brightness adjust 87.9 88.0 88.1 micron
Chamber Height Processing Brightness adjust 10 11.5 13 micron
Chamber Wall Angle Processing Brightness adjust 85 90 95 degrees
Color Related Ink Viscosity Materials Mask design -20 Nom. +20 %
Ink Surface tension Materials Programmed 25 35 65 mN/m
Ink Viscosity @ 25°C Materials Programmed 0.7 25 15 cP
Ink Dye Concentration Materials Programmed 5 10 15 %
Ink Temperature (relative) Operation None -10 0 +10 °C
Ink Pressure Operation Programmed -10 0 +10 kPa
Ink Drying Materials Programmed +0 +2 +5 cP
Actuator Voltage Operation Real-time 2.75 2.8 2.85 A’/
Drive Pulse Width Xtal Osc. None required 1.299 1.300 | 1.301 | microsec
Drive Transistor Resistance Processing Real-time 3.6 4.1 4.6 W
Fabrication Temp. (TiN) Processing Correct by design 300 350 400 °C
Battery Voltage Operation Real-time 2.5 3.0 35 A

Variation with Ambient Temperature

The main consequence of a change in ambient temperature is that the ink viscosity

5 and surface tension changes. As the bend actuator responds only to differential temperature



Variation with Anbi ent Tenperature The mai n consequence of a change in

anbi ent tenperature is that the ink viscosity 5 and surface tension
changes. W oBles3lbend act uator responds only to differenti &CTtsdawpeoras ure WO
03/ 018315 PCT/ AU02/ 00763 36 between thegactuator |ayer and the bend
conpensation |layer, anbient tenperature has negligible direct effect on
the bend actuator. The resistivity of the Ti N heater changes only slightly
Wi th tenpgLabLl fre alRBidr YUyePihdBe Dbt SHhpREicH 18ydroamBiBntBin@erahas rak i nk, in
the tenperature range 0 °C to 800C. 5 e drop velocity and drop vol une
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on chip f empasiires egdtsver vIstesititenper at ure sense signal (Tsense) is
connected to a common Tsense output. The appropriate Tsense signal is

sel ected by asserting the Sense Enable (Sen) and sel ecting the appropriate

segnent ys+Ag—the—BFS—FTHEs—heTsense signat| 15 0T gijtl Zgd Dy L he
drive ASIC, and drive| pul $e W dthlis pltefed tjo coLm)ensate for| the ink
Vi scosi ty %hange. Datp spgcifying|thel 20|viscpsity/ggmperfaturlez | g
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el Ed | 212|328 |" &

5 n

oc| cP |dyne | ym | pm | pm | V | mA | ps nJ | °C | um | m/s | m/s | pl

0 | 179 | 386 | 125 | 1.0 | 27 | 2.8 |4247| 1.6 | 190 | 465 | 3.16 | 2.06 | 2.82 | 0.80

20 | 100 | 358 | 125 | 1.0 | 27 | 2.8 | 4247 | 1.6 | 190 | 485 | 3.14 | 2.13 | 3.10 | 0.88

20 | 065 | 326 | 125 | 1.0 | 27 | 28 [4247] 1.6 | 190 [ 505 | 3.19 | 2.23 | 325 | 093

60 | 047 | 202 | 125 | 10 | 27 | 28 [4247| 16 | 190 | 525 | 3.13 | 2.17 | 340 | 078

80 | 035 | 256 | 125 | 10| 27 | 2.8 | 4247 1.6 | 190 | 545 | 3.24 | 2.31 | 3.31 | 0.88

The temperature of the 1J46 print head is regulated to optimize the consistency of
15  drop volume and drop velocity. The temperature is sensed on chip for each segment. The
temperature sense signal (Tsense) is connected to a common Tsense output. The appropriate
Téense signal is selected by asserting the Sense Enable (Sen) and selecting the appropriate
segment using the D[Co7] lines. The Tsense signal is digitized by the drive ASIC, and
| drive pulse width is altered to compensate for the ink viscosity change. Data specifying the
20  viscosity/temperature relationship of the ink is stored in the Authentication chip associated

with the ink.

Variation with Nozzle Radius
The nozzle radius has a significant effect on the drop volume and drop velocity. For




37 this reason it is closely controlled by 0.5 mcron |lithography. The
nozzle is formed by a 2 mcron etch of the sacrificial material, foll owed
by deposiwDma/0uf313 he nozzle wall material and a CVP st epPCThaioOW63

pl anari zes the nozzle structures, renovipg the top of the overcoat, and
exposed the sacrificial material inside. The sacrificial material is
subsequently 5 renoved, |leaving a self-aligned nozzle and nozzle rim The
accuracy th?gt I%E&iﬁ' it [s29644fy @ntrbll&d b ZahRrdrSlitEbEaply. The deiAe 1§ fogmedly 4 Re
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sacrifici esﬁ'@e@ﬁhl‘i@ﬁe‘:&tﬁ@ggﬁi?@n%ﬁteD' This means that variations are

likely to "De non oca erences between wafers, and differences
bet ween the cantesllawidg tatde gemisropemtionht earionanerzle Tdd. Bathunersasiag eezzle
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be utili zRdsdcAfidiaPhoie €eiBicths YMPE Biepi Thik arcahothihvedriations dre dikelyita beam- |
patent application No. PCT/AU8/00544. A print hegfg and i ﬁ suppl ¢
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wafer. The between wafer differences are compensated by the ‘brightness’ adjustment.

Within wafer variations will be imperceptible as long as they are not sudden.

Nozzle Radius
Ink Viscosity
Surface Tension

Actuator Width

Actuator Length
Pulse Width
Pulse Energy

Peak Temperature
Peak Pressure

Paddle Deflection

Paddle Velocity
Drop Velocity
Drop Volume

Pulse Voltage

Pulse Current

pm cP | mN/m | pm Jm v mA us nJ °oC kPa pm m/s | m/s pl

50 ] 065 | 326 1.25 25 28 | 4236 | 1.4 | 166 | 482 | 759 | 2.81 j 2.18 | 436 | 0.84
53 {065 | 326 1.25 25 2.8 | 4236 | 14 | 166 | 482 | 69.0 | 2.88 | 2.22 | 3.92 | 0.87
55 | 065 ] 326 1.25 25 28 | 4236 | 14 | 166 | 482 | 67.2 | 2.96 | 229 | 3.45 | 0.99
57 1065} 326 1.25 25 28 | 4236 | 14 | 166 | 482 | 64.1 | 3.00 | 2.33 | 3.09 | 0.95
6.0 | 0.65 | 326 1.25 25 28 | 4236 | 1.4 | 166 | 482 | 599 | 3.07 | 2.39 | 2.75 | 0.89

Ink Supply System
20 A print head constructed in accordance with the aforementioned techniques can be

utilized in a print camera system similar to that disclosed in PCT patent application No.

PCT/AU98/00544. A print head and ink supply arrangement suitable for utilization in a



38 print on demand canera systemw || now be described. Starting initially
wth Fig. 96 and Fig. 97, there is illustrated portions of an ink supply
arrangenmew0D o313l form of an ink supply unit 430. The s®epplavoadts3can be
configured to include three ink storagesghanbers 521 to supply three color
inks to the back surface of a print head, which in the preferred 5 formis
a print head chip 431. The ink is supplied to the print head by neans of an
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applied on erconnecting faces of the aperture and print head,
and the uBskredferpmalkhigng hevidthofinbow 100 mmistopphyd passtngly neBotbempasie thn
t he back of the print head chip 431 (s i IS niniq%sfgﬁ.A filter

) (see Fig. 88
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nunber of 25 peeRBlyAERRIPrindabid ieattathed hhing idbhelddBfacTHas bad filest ¥ty f or ned
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t ink i t
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20 Ink distribution molding 433 and filter 436 are in turn inserted within a baffle unit
437 which is again attached by means of a silicone sealant applied at interface 438, such
that ink is able to, for example, flow through holes 440 which are formed in respective
walls of the baffle unit and in turn through the slots 434 with which the holes 440 align.
The baffle unit 437 can be a plastic injection molded unit which includes a number of
25  spaced apart baffles or slats 441-443. The baffles are formed within each ink channel so as
to reduce acceleration of the ink in the storage chambers 521 as may be induced by
movement of the portable printer, which in this preferred form would be most disruptive
along the longitudinal extent of the print head, whilst simultaneously allowing for flows of
ink to the print head in response to active demand therefrom. The baffles are effective in
30  providing for portable carriage of the ink so as to minimize disruption to flow fluctuations
during handling.
The baffle unit 437 is in turn encased in a housing 445. The housing 445 can be



39 ultrasonically welded to the baffle unit 437 so as to seal the baffle
unit 437 into three separate ink chanbers 521. The baffle unit 437 further
i ncl udes wWO3/0183$5 of pierceable end wall portions 450 - 262/Atwoévesan be
pi erced by a corresponding mating ink supply conduit for the flow of ink
into each of the three chanbers. The housing 445 also includes a series 5
of hol es 455 which are hydrophobically seal ed by neans of tape or the |ike
So as to &apﬂle%ﬁﬁ’leb.ﬁﬁtfﬁlﬂ ibtdithfeet 0 escape
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20  ground distribution along the surface of the TAB film 470 which is in turn interconnected to

the print head chip 431.

The TAB film 470, which is shown in more detail in an opened state in Figs. 102 and
103, is double sided having on its outer side a data/signal bus in the form of a plurality of
Jongitudinally extending control line interconnects 550 which releasably connect with a

25  corresponding plurality of external control lines. Also provided on the outer side are busbar
contacts in the form of deposited noble metal strips 552.

The inner side of the TAB film 470 has a plurality of transversely extending
connecting lines 553 that alternately connect the power supply via the busbars and the
control lines 550 to bond pads on the print head via region 554. The connection with the

30  control lines occurring by means of vias 556 that extend through the TAB film. One of the
many advantages of using the TAB film is providing a flexible means of connecting the

rigid busbar rails to the fragile print head chip 431.



40 The busbars 465, 466 are in turn connected to contacts 475, 476 which
are firmy clanped against the busbars 465, 466 by neans of cover unit
478. The wowefn1simit 478 al so can conprise an injection nmpiCaiadopastss and
includes a slot 480 for the insertion ofjgan al um num bar for assisting in
cutting a printed page. 5 Turning nowto Fig. 98 there is illustrated a cut
away view of the print head unit 430, associated platen unit 490, print
roll and i nk GhpRlobatiniels, 46claBifinfh biiheBRWRS celliadis iPSIUTOWhicinirt fdly whi ch
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Features and Advantages
The 1J46 print head has many features and advantages over other printing

D=

technologies. In some cases, these advantages stem from new capabilities. In other cases,
20  the advantages stem from the avoidance of problems inherent in prior art technologies. A

discussion of some of these advantages follows.

High Resolution
The resolution of a 1146 print head is 1,600 dots per inch (dpi) in both the scan

direction and transverse to the scan direction. This allows full photographic quality color

25  images, and high quality text (including Kanji). Higher resolutions are possible: 2,400 dpi
and 4,800 dpi versions have been investigated for special applications, but 1,600 dpi is
chosen as ideal for most applications. The true resolution of advanced commercial

piezoelectric devices is around 120 dpi and thermal ink jet devices around 600 dpi.

Excellent Image Quality
30 High image quality requires high resolution and accurate placement of drops. The

monolithic page width nature of 146 print heads allows drop placement to sub-micron



precision. H gh accuracy is also achieved by elimnating m sdirected drops,

el ectrostatic deflection, air turbulence, and eddi es, and nai ntai ni ng

hi ghl y coweiosoessis drop vol ume and velocity. |nage qualitpCrsstakseegnsur ed

by the provision of sufficient resolutigp to avoid requiring nultiple ink

densities. Five color or 6 color “photo' ink jet systens can introduce 5

hal ftoning artifacts in md tones (such as flesh-tones) if the dye
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The hi gh ﬁlgg&(;ﬁﬁlg%é;hﬁ%f%?ﬁbé print head is chosen to allow fully digital
operation using 20 digital halftoning. This elimnates color non-linearity
(a probl erHighSpeab(30ippropes primhbeaddri nters), and sinplifies the design of
drive ASIGs. SRl DyRl VoL thO pAGIhEUAIbH Y Sigh- $REI Gptratihs o 4 idalining
smal | drop size i's°requi red. An Ij)46 print head' s drop size is one
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print head can be low. This leads to a low manufacturing cost as many print head chips can

fit on the same wafer..

All Digital Operation
The high resolution of the print head is chosen to allow fully digital operation using

20  digital halftoning. This eliminates color non-linearity (a problem with continuous tone

printers), and simplifies the design of drive ASICs.

Small Drop Volume
To achieve true 1,600 dpi resolution, a small drop size is required. An 1J46 print

head’s drop size is one picoliter (1 p). The drop size of advanced commercial piezoelectric

25  and thermal ink jet devices is around 3 pl to 30 pl.

" Accurate Control of Drop Velocity
As the drop ejector is a precise mechanical mechanism, and does not rely on bubble -

nucleation, accurate drop velocity control is available. This allows low drop velocities (3 - 4
m/s) to be used in applications where media and airflow can be controlled. Drop velocity

30  can be accurately varied over a considerable range by varying the energy provided to the



and actuator dinensions. Fast Drying 5 A conbination of very high
resolution, very snmall drops, and high dye density allows full color
printing wotohomsch | ess water ejected. A 1600 dpi 1146 pripot/A@adomsp ect s
around 33%of the water of a 600 dpi thermal ink jet printer. This allows
fast drying and virtually elimnates paper cockle. Wde Tenperature Range
10 1146 print heads are designed to cancel the effect of anbient

tenper at up &P gt ng)p Vel RRER (10'td TKmf) ShidblSfor ?Idiﬁ@aﬂdrbbelﬁﬁdﬂfpa{cat ure
affects operation“and this can be electronically conpensated. erating

t enper at urdativehgecostreliqumnditions cirebedactieved Bgingvaationgaf te nogzle ghampar. No
Speci al Manufacturing Equi prent Required 15 The manufacturing process for
1146 pri néntacterton GUERSERS entirely fromthe established sem conductor
manuf acturing industry. Most ink jet systens encounter nmajor difficulty and

expense iga@#%g fromthe | aboratory to production, as high accuracy
specializ facturi equi pnent is required. Hi Pr.oduct | city
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Cost 25 The factory set-up cost is | ow because existing 0.5 mcron 6" CMOS
fabs can KEmiRAESPaDYOSKIEf abs coul d be fully anmortized, and essentially
obsolete for CMOS | ogi ¢ production. Therefore, volune production can use
"ol d' exi S&i’id@%ﬁeﬁﬁ& l'h_lremge Most of the MEMS post-processing can al so be

f or med =~ cood Light- Fast 30 As the jnk i
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opti mum | i fastness. devel ope dyes from conpani es such
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| i ght-fastness of many pignents, and considerably in excess of photographic
dyes and orateribggeqdidks.dyes in use until recently.

No Special Manufacturing Equipment Required
15 The manufacturing process for 1J46 print heads leverages entirely from the established

semiconductor manufacturing industry. Most ink jet systems encounter major difficulty and
expense in moving from the laboratory to production, as high accuracy specialized

manufacturing equipment is required.

High Production Capacity Available
20 A'6” CMOS fab with 10,000 wafer starts per month can produce around 18 million

print heads per annum. An 8” CMOS fab with 20,000 wafer starts per month can produce

around 60 million print heads per annum. There are currently many such CMOS fabs in the

world.

Low Factory Setup Cost
25 The factory set-up cost is low because existing 0.5 micron 6” CMOS fabs can be

used. These fabs could be fully amortized, and essentially obsolete for CMOS logic
production. Therefore, volume production can use ‘old’ existing facilities. Most of the

MEMS post-processing can also be performed in the CMOS fab.

Good Light- Fastness
30 As the ink is not heated, there are few restrictions on the types of dyes that can be




5 Good Water- Fastness As with light-fastness, the |l ack of thernal
restrictions on the dye allows selection of dyes for characteristics such
as wat er -weyBnesss For extrenely high water-fastness (as PST/A@uIT6ed f or
washabl e textiles) reactive dyes can besused. Excellent Color Ganut 10 The
use of transparent dyes of high color purity allows a col or ganut
considerably w der than that of offset printing and silver halide
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el i ni nat ed by _using m_croepul sion-based ink or whi ch 1J46 print heads

are hi ghl jeagipd &g waphgble kgt ) TR eSRRSIF BISethik can al so hel p prevent

nozzl e cl ogging and ensure long-termink stability. 25 H gh Nozzle Count
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to integrate data
J gamut that includes pure reds, greens, and blues can be achieved using a 6 color

(CMYRGB) model. Such a six-color print head can be made economically as it requires a

chip width of only 1 mm.

Elimination of Color Bleed
20 Ink bleed between colors occurs if the different primary colors are printed while the

previous color is wet. While image blurring due to ink bleed is typically insignificant at
1600 dpi, ink bleed can ‘muddy’ the midtones of an image. Ink bleed can be eliminated by
using microemulsion-based ink, for which IJ46 print heads are highly suited. The use of

microemulsion ink can also help prevent nozzle clogging and ensure long-term ink stability.

25  High Nozzle Count
An 1746 print head has 19,200 nozzles in a monolithic CMY three-color photographic

print head. While this is large compared to other print heads, it is a small number compared
to the number of devices routinely integrated on CMOS VLSI chips in high volume
production. It is also less than 3% of the number of movable mirrors which Texas

30  Instruments integrates in its Digital Micromirror Device (DMD), manufactured usmg

similar CMOS and MEMS processes.



distribution circuits (shift registers), data timng, and drive transistors
with the nozzles. Oherwi se, a mninmmof 51,201 external connections

woul d be wogaintssds This is a severe problemw th piezoel @crraw2/oeme3 | et s,
as drive circuits cannot be integrated g@n piezoelectric substrates.
Integration of many mllions of connections is comon in CMOS VLS| chi ps,
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four gi vegr%%e\fﬁiﬂ%rq?%%%g{rﬁg% r ’%u%er s1 canc%e used ?%rr hiOA%, speed digital
printing, s@birpegdniidiion ot denf arilimns pf coriectigns ancormeen in EMIPP ¥LSAghipsDupl ex
Operation Duplex printing at the full print speed is hi pract | The
si npl &8t mdidhore fabricaied i bagn yelumgat hig ¥leﬁeﬁd§t ?nblﬁg’%ﬂ‘g‘zéé%’ﬁ’ggf’%e"g@’% he
paper. Th nﬁl G lexity of providing two print heads is |ess than

t hat of r’r@%a%%%tstc% sy‘g ‘ens to turn over the sheet of 30 paper. WO
03/018315 PCT/ AU02/ 00763 45 Straight Paper Path As there are no druns
requi r ed, Momliftac Ghbriqagiper path can be used to reduce the possibility of

paper | ams.  Thig Jif SRR GHehhde £5] SYARIdBiAl EMOS dhipl @xndpicatsions, wher e

the conplex echani sns require urn over the pages are a maj or _source
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piezoelectric ink jet systems, the assembly of nozzle plates with the print head chip is a

major cause of low yields, limited resolution, and limited size. Also, page width arrays are
typically constructed from multiple smaller chips. The assembly and alignment of these

chips is an expensive process.

20  Modular, Extendable for Wide Print Widths
Long page width print heads can be constructed by butting two or more 100 mm 1J46

print heads together. The edge of the 1J46 print head chip is designed to automatically align
to adjacent chips. One print head gives a photographic size printer, two gives an A4 printer,
and four gives an A3 printer. Larger numbers can be used for high speed digital printing,

25  page width wide format printing, and textile printing.

Duplex Operation
Duplex printing at the full print speed is highly practical. The simplest method is to

provide two print heads — one on each side of the paper. The cost and complexity of

providing two print heads is less than that of mechanical systems to turn over the sheet of

30  paper.



than 20 tines as efficient. Self-Cooling Operation 10 The energy required
to eject each drop is 160 nJ (0.16 mcrodoules), a small fraction of that
requi red worosnkssadral ink jet printers. The | ow energy al | @eg/Ateopwsnt head
to be conpletely cooled by the ejectedsgnk, with only a 40 C worst-case
ink tenperature rise. No heat sinking is required. Low Pressure 15 The
maxi mum pressure generated in an 1J46 print head is around 60 kPa (0.6

at mospher es) ont Pl PP RESUr €s generated by bubble nucleation and coll apse in

thermal i ubpl ej et systens.are typically in 10 MPa
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head r equidiBples brularfisndVeqtisedvoanimpoventhiermpgéadre agnajor surceisif geRer jamndn

printing 5% coverage, average power consunption is only 3.4 Watts. Low

Vol t age (ﬁerat if_on 1 J46 print heads can operate froma single 3V supply, the
1C,

sane as t e 25 ASICs. Thermal ink jets typically require at

| east 20 V, aThergiabikebemintineadsrace paly sraind®:01% effidiens (glestdcal RReTEBPYL  The
1 J46 print head actuator is designed for, nom nal ope ion.at . 2.8 volts,
al | ow ng eompaed i) drop kystis SREFEY a%‘i‘mglcﬁﬁa?‘?ﬁes“fg‘é%‘?%@@r fﬁ{* 8“8%1?%38%6%?r§hi p
operation i e 2 or 4 AA Batteries Power consunption is |ow
enough th%%angag{ﬁ%sé‘g%%%? 1 J46 print head can operate 30 from AA
batteries. A typical 6" x 4" photograph requires |less than 20 Joules to
print WO 83FrTiEhp Opetibhl02/ 00763 46 (including drive transistor |osses).
Four bat t e Aol dlop s PEPRIN0L 1 thiRr&IBulely, b Binal fiadtigh
seconA@. | f tﬁgg%?ﬁé\frtqlﬁ%g&rﬁé}?ﬁc?easeg to 4}s)(econds, 2 AA batteries can be
used. Babf thayredoirédfie tiGanmpbinkdet pmtdrd. Mhegow eneigyatiows the ppé headdoeom an

unregul ated battery supply, .to eljmnate 5 efficiency l.asses of voltage
r egul at or completelyaeaied by Hie cissing 1§J("e h yfaél?)ng]ggrSﬂﬁée @é%ng’gﬁﬁt‘g\%g&golg%r a
consi derahle range ply voltages. The 1J46 print head senses the

supply vo?‘?%ﬁé@%ﬁ%ﬁ%@ts actuator operation to achieve consistent drop

vol unme. Smal| Actuator and Nozzle Area The area required by an 1J46 print
head nozzliew Pebsugt or, and drive circuit is 1764

15 The maximum pressure generated in an 1746 print head is around 60 kPa (0.6

atmospheres). The pressures generated by bubble nucleation and collapse in thermal ink jet
and Bubblejet systems are typically in excess of 10 MPa (100 atmospheres), which is 160
times the maximum 1J46 print head pressure. The high pressures in Bubblejet and thermal

ink jet designs result in high mechanical stresses.

20 Low Power
A 30 ppm A4 1746 print head requires about 67 Watts when printing full 3 color

black. When printing 5% coverage, average power consumption is only 3.4 Watts.

Low Voltage Operation
1J46 print heads can operate from a single 3V supply, the same as typical drive

25  ASICs. Thermal ink jets typically require at least 20 V, and piezoelectric ink jets often
require more than 50 V. The 1746 print head actuator is designed for nominal operation at

2.8 volts, allowing a 0.2 volt drop across the drive transistor, to achieve 3V chip operation.

Operation from 2 or 4 AA Batteries
Power consumption is low enough that a photographic 1J46 print head can operate

30  from AA baiteries. A typical 6 x 4” photograph requires less than 20 Joules to print



10 n2. This is less than 1% of the area required by piezoelectric ink jet
nozzl es, and around 5% of the area required by Bubbl ejet nozzles. The

act uat or wpea/otisnect|ly affects the print head manufact uripeg/aamenoresmal |
Total Print head Size An entire print hgad assenbly (including ink supply
channels) for an A4, 30 ppm 15 1,600 dpi, four color print head is 210 mm
Xx 12 mx 7 mm The small size allows incorporation into notebook
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for 1J46 -Hiﬁ@%@@%ﬁ%hot ograph printer this nozzle capping system
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between 1 cn2 and 4 cnR, with chips larger than this rarely being

practical . There is a Eérogg incentive to ensure 30 that the chip area is

| ess thans tugigr a k jet and Bubblejet print heads, the chip WO
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incorporation into notebook computers and miniature printers. A photo graph printer is 106

mm x 7 mm x 7 mm, allowing inclusion in pocket digital cameras, palmtop PC’s, mobile
phone/fax, and so on. Ink supply channels take most of this volume. The print head chip

itself is only 102 mm x 0.55 mm x 0.3 mm.

20  Miniature Nozzle Capping System
A miniature nozzle capping system has been designed for 1J46 print heads. For a

photograph printer this nozzle capping system is only 106 mm x 5 mm X 4 mm, and does

not require the print head to move.

High Manufacturing Yield
25 The projected manufacturing yield (at maturity) of the IJ46 print heads is at least 80%,

as it is primarily a digital CMOS chip with an area of only 0.55 cm?. Most modern CMOS
processes achieve high yield with chip areas in excess of 1 cm?. For chips less than around
1 cm?, cost is roughly proportional to chip area. Cost increases rapidly between 1 cm?” and 4
cm?, with chips larger than this rarely being practical. There is a strong incentive to ensure

30  that the chip area is less than 1 cm?. For thermal ink jet and Bﬁbblejet print heads, the chip



1 J46 print heads include test circuitry that allows npost testing to be
conpleted at the wafer probe stage. Testing of all electrical properties,

i ncl udi ngwota/018383 st ance of the actuator, can be conpl et @dTatuoRkd?3 st age.
However, actuator notion can only be tegted after 15 rel ease fromthe
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chi ps. Low Cost Packaging 1J46 print heads are packaged in an injection
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possi bl e t0 nmanufacture. resses involved in the manufacture of 1J46
pri nt jhea@gocassawiios gsvebtretal.5 t han those required for CMOS fabrication. No
Scan Banding 1J46 print heads are full page width, so do not scan. This

el imnates one of the nost significant imge quality problens of ink jet
printers. S e8ifie to other causes (nmis- directed drops, print head

al i gnment) i s I4Gipdittheadssingiuidé testeitcujirothheatiaws pegéesiing ihbgyamileted gt heads .
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Low Cost Packaging
1J46 print heads are packaged in an injection molded polycarbonate package. All

connections are made using Tape Automated Bonding (TAB) technology (though wire

20 bonding can be used as an option). All connections are along one edge of the chip.

No Alpha particle sensitivity
Alpha particle emission does not need to be considered in the packaging, as there are no

memory elements except static registers, and a change of state due to alpha particle tracks is

likely to cause only a single extra dot to be printed (or not) on the paper.

25  Relaxed Critical Dimensions
The critical dimension (CD) of the 1J46 print head CMOS drive circuitry is 0.5

microns. Advanced digital IC’s such as microprocessors currently use CDs of 0.25 microns,
which is two device generations more advanced than the 1J46 print head requires. Most of

the MEMS post processing steps have CDs of 1 micron or greater.



15 alignnment features on the print head chips. This allows autonated
mechani cal alignment (by sinply pushing two print head chips together) to
within 1 woosom31if finer alignment is required in speci &Cirz2a®2/00763
applications, 4" print heads can be aligged optically. No Satellite Drops
The very small drop size (1 pl) and noderate drop velocity (3 ms)
elimnates satellite 20 drops, which are a major source of image quality
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channel s .
required in specialized applications, 4” print heads can be aligned optically.

No Satellite Drops
The very small drop size (1 pl) and moderate drop velocity (3 m/s) eliminates satellite

20  drops, which are a major source of image quality problems. At around 4m/s, satellite drops
form, but catch up with the main drop. Above around 4.5 mV/s, satellite drops form with a
variety of velocities relative to the main drop. Of particular concern is satellite drops which
have a negative velocity relative to the print head, and therefore are often deposited on the

print head surface. These are difficult to avoid when high drop velocities (around 10 m/s)

25  are used.

Laminar Air Flow
The low drop velocity requires laminar airflow, with no eddies, to achieve good drop

placement on the print medium. This is achieved by the design of the print head packaging.
For ‘plain paper’ applications and for printing on other ‘rough’ surfaces, higher drop
30  velocities are desirable. Drop velocities to 15 m/s can be achieved using variations of the

design dimensions. It is possible to manufacture 3 color photographic print heads with a 4



fluidic resistance. This configuration virtually elimnates any effect of
drop ejection from one nozzle on other nozzles. No Structural Crosstalk
This i s awomanusstprobl em with piezoel ectric print heads. PCTM®3/00M68 occur
in 1J46 20 print heads. Permanent Prinjg head The 1J46 print heads can be
permanently installed. This dramatically |lowers the production cost of
consunmabl es, as the consunabl e does not need to include a print head. No
Ko a tion, 25 | ' i kit hétids wadl VEN/s dropl velogity, iohitks) is a
significan %ﬁggﬁg%%%ﬁa%gﬁgmﬁ?ﬁgﬁd ot her thermal i nEp'j et F)b:i nt heads.

| J46 pri nganieeaafer. dhisie betrasebothican pe ofaide uping die same Aregess BAABECH r ect | y

heat ed. No Cavitation Erosion caused by the violent collapse of bubbles is

anot her problemthat limts the 30 |life of Bubblejet and other thermal ink
jet pri ntﬁam@ﬂi@@@ii nt heads do not have this WD 03/018315
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el ectrom 1on. | 0. the s bmidal j et devices. The 5 CMOS netalization

| ayers argi;(gg }lwg%hde apggéupp rt the required currents w thout

el ectromgration. This can be readily achi eved because the current

consi der aNoOl®rmaal Gesftalim heater drive power, not high speed CMOS

swi t chi ng.  Rely;ahl.8: POnWelknGRROSE eheiased¥ BabbIBRt 6n&heitheans ikgei ysteafs, | J46
print heads amﬁgiaﬁa& ti rréls | ess tﬁ%n t her mal |ﬁnk_ 10 jet print heads, the
hi gh pri nthespaetiomnte laowatoo kpragds to ethers, snd affects tieir fipingjchprastedstias; W lJ46
current consunption. Wrst _case current for a ot.oar aphi J pnt head
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t ransi st ongtuzdy elimingoesatkhermal ceasstaldf 1.5 mA for 1.3 microseconds, and a 15

maxi mum average of 12 mA. No Corrosion The nozzle and actuator are entirely

formed of _glass _ and ti{ani umnitride (TiN), a
0 Fluidic Crosstalk

Each simultaneously fired nozzle is at the end of a 300 micron long ink inlet etched

15  through the (thinned) wafer. These ink inlets are connected to large ink channels with low
fluidic resistance. This configuration virtually eliminates any effect of drop ejection from

one nozzle on other nozzles.

No Structural Crosstalk
This is a common problem with piezoelectric print heads. It does not occur in 1J46

20  print heads.

Permanent Print head
The 1746 print heads can be permanently installed. This dramatically lowers the

production cost of consumables, as the consumable does not need to include a print head.

No Kogation
25 Kogation (residues of burnt ink, solvent, and impurities) is a significant problem with

Bubblejet and other thermal ink jet print heads. IJ46 print heads do not have this problem,

as the ink is not directly heated.

No Cavitation
Frosion caused by the violent collapse of bubbles is another problem that limits the

30 life of Bubblejet and other thermal ink jet print heads. 1746 print heads do not have this



conductive ceram c commonly used as netalization barrier layers in CMOS
devices. Both materials are highly resistant to corrosion. 20 No

El ectrol yWwo9308313 nk is not in contact with any el ectri calPCp®anI@Bs, so
there is no electrolysis. No Fatigue Ay actuator novenent is within
elastic limts, and the materials used are all ceramcs, so there is no
fatigue. 25 No Friction No noving surfaces are in contact, so there is no
friction. oGt d ofhédit head is designed to elimnate

sticti on,prggigpﬁﬁcgﬁrgegfgngﬁﬁletggéﬁany MEMS devices. Stiction is a word
conmbining "stick™ with "friction" and is especially 30 significant at the
in MEMS dNe Hietiohegmatbmt i ve scaling of forces. In the 1J46 print head, the
VO 03/ 018315 RETAMH02Q0763 18d pRACNRLE abtBadHSR s, Sieth @e koliely derrhie.
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poling requjres _very high. electrical field strengths - around 20,000 V/cm
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and vias to the drive transistors carry a peak current of 1.5 mA for 1.3 microseconds, and a

15 maximum average of 12 mA.

No Corrosion
The nozzle and actuator are entirely formed of glass and titanium nitride (TiN), a

conductive ceramic commonly used as metalization barrier layers in CMOS devices. Both

materials are highly resistant to corrosion.

20  No Electrolysis
The ink is not in contact with any electrical potentials, so there is no electrolysis.

No Fatigue
All actuator movement is within elastic limits, and the materials used are all ceramics,

so there is no fatigue.

25  No Friction
No moving surfaces are in contact, so there is no friction.

No Stiction
The 1J46 print head is designed to eliminate stiction, a problem common o many

MEMS devices. Stiction is a word combining “stick” with “friction” and is especially

30  significant at the in MEMS due to the relative scaling of forces. In the 1J46 print head, the



20 This also elim nates breakage during saw ng. Lithography Using Standard
St eppers Al though 1J46 print heads are 100 nm | ong, standard steppers
(whi ch tywomalisgihave an imaging field around 20 nm squarex/Adrneoeusad. This
is because the print head is "stitched's; using eight identical exposures.
Ali gnment between stitches is not critical, as there are no 25 el ectrical
connecti ons between stitch regions. One segnent of each of 32 print heads

| mag L strald, GliRn g teysdddisto-abstéatpstictionheads
per expo?%rmegpfﬁ?gg}egtoﬁgﬁgg?ﬁéﬁ%%%g lor on a Si %gl eﬁChl p 1J46 print heads
i nt egr at anlabhmﬁlddsthemd;eobesencemuenedd onto a single chip. This cannot be
done with page width "edge shooter' ink jet technol ogies. WO 03/018315
PCT/ AU02/ 00763 52 W.de Variety of Inks 1J46 print heads do not rely on
the ink pNefs&aqkEaepasghionr op ejection. Inks can be based  on water,
mi cr oenul si orfBhe shiekses appiluedcmsthealmatmalsgre Wrtham d% ofehat whisle leadgio adker

solvents. 1J46 print heads.ca “tuned’ ge of
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head packaging 1s designed to ensure that airflowis lamnar, and to

el i m nat ewhidHiiesuch hicse tesistanptor drack propagatidul thes tensile sreasi ence coul d degr ade
image quality due to the small drop size. 10 Drop Repetition Rate The
nomi nal drop repetit]j on rat.e of a photographic 1J46 print head is 5 kHz,
resul ti ngNo c I 2 second per photo. The nom nal drop
repetition raPﬁzcimctﬁmm&n[atﬂmust begdlediaftenthex pie fppedsipio s pringhgad nt i ng.
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fat e, i emerisedBtie paReRsByescisry bk SeeErLAigsPafity aitint 000 et 12
pressuriz ébor dl tlﬁ‘ﬁlt@tfﬂ 32e loFiBicabRedtAs piill iRadstongound
positive ?ﬁ?(h%lrﬁ eﬁ?g%%ﬁrgoﬁﬁc 1% . Hgvveverlé 34 ppm |§s entirely
adequat e fen, mﬁndg)l/@(x;(MKIVclmmmtﬂ U%Mth%ﬁdsmlreln@rpmgy hi gh- speed
applications, such as commercial printing, nultiple print heads can be
used in conjuncti on_vmth fast paper handling. For |ow power operation (such

as oper at 1 L tteries) the drop repetition rate can be reduced
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d of a phot hic_ 1346 t head A4
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prevent rectified diffusion, as the ink pressure never falls below zero.

Elimination of the Saw Street
The saw street between chips on a wafer is typically 200 microns. This would take

26% of the wafer area. Instead, plasma etching is used, requiring just 4% of the wafer area.

20  This also eliminates breakage during sawing.

Lithography Using Standard Steppers
Although 1746 print heads are 100 mm long, standard steppers (which typically have

an imaging field around 20 mm square) are used. This is because the print head is ‘stitched’
using eight identical exposures. Alignment between stitches is not critical, as there are no
25  electrical connections between stitch regions. One segment of each of 32 print heads is

imaged with each stepper exposure, giving an ‘average’ of 4 print heads per exposure.

Integration of Full Color on a Single Chip
1J46 print heads integrate all of the colors required onto a single chip. This cannot be

done with page width ‘edge shooter” ink jet technologies.



scanning ink jet head speed. The | ow speed sinplifies printer design and

i nproves drop placenent accuracy. However, this head-to-paper speed is
enough f owo3d/0p§3ms printing, due 25 to the page w dth pri nPChaad2/oédcgher
speeds can readily be obtained where regaiired. Hi gh Speed CMOS not
Required The cl ock speed of the print head shift registers is only 14 Mz
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wi th the assocra ata stribution circuits, consunes no chip area that
is not al keddymabiqkop éde.by the actuator. There are several ways to reduce
t he percentage of power consuned by the transistor: increase the drive

vol tage so that the reguired current is less, reduce the lithography to

| ess 19 hakrep BepstitionRate,se Bj OMOS or ot her high current drive technol ogy,

or increase t e abininal Bfopaepatitionlrhewl aghotegraphisrlI4f priet hepd iss] KidaresuliEngh
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PC printers . ) ) o
15  pressurized ink. Drop repetition rates of 50 kHz are possible using positive ink pressure
(around 20 kPa). However, 34 ppm is entirely adequate for most low cost consumer
applications. For very high-speed applications, such as commercial printing, multiple print
heads can be used in conjunction with fast paper handling. For low power operation (such

as operation from 2 AA batteries) the drop repetition rate can be reduced to reduce power.

20 Low Head-to-Paper Speed
The nominal head to paper speed of a photographic 1J46 print head is only 0.076

m/sec. For an A4 print head it is only 0.16 m/sec, which is about a third of the typical
scanning ink jet head speed. The low speed simplifies printer design and improves drop
placement accuracy. However, this head-to-paper speed is enough for 34 ppm printing, due

25  to the page width print head. Higher speeds can readily be obtained where required.

High Speed CMOS not Required
The clock speed of the print head shift registers is only 14 MHz for an Ad4/letter print

head operating at 30 ppm. For a photograph printer, the clock speed is only 3.84 MHz. This
is much lower than the speed capability of the CMOS process used. This simplifies the
30 CMOS design, and eliminates power dissipation problems when printing near-white

images.



4. Network connected col or and nonochrome printers 25 5. Departnental
printers 6. Photographic printers 7. Printers incorporated into caneras 8.
Printers wWoo3@issodhi | e phones 9. Portabl e and notebook pri mCerg028¢7610. W de
format printers 11. Col or and nonochrongscopiers 12. Col or and nonochrone
facsim e machi nes WD 03/018315 PCT/ AU02/ 00763 54 13. Milti-function
printers conbining print, fax, scan, and copy functions 14. Digital
gog;rer_(lz_g)e(l ulty 5ALE M8 Des r':] r;m digital plri nters 16. Packaging printers
: Lers, . ort.run. digit rinters 19 f . Dress
suppl enent al 3&3 PRIETEEISISES, aﬁg&%“%&’f"“g?geég?ﬁe%ug?tﬁtﬁ? g?ségnflA S%“S?\igésl%‘ged page
w dth pri g%qg&r%s %Qtr%?si%!}ﬁn@%PHﬁiile‘? QS?HP&%&& Wolihd 1 Fs#al dynpagedesied! Howeve] er s
23. Porta col'or an nochrome printers 24. Label, printers 25. Ticket
printers 2 stdidesighfhas sdveral edeinpigeprincioding hightr moise immgtys brweg quicagent
printers 28. Photofinishing printers 29. Video printers 30. PhotoCD

printefs pSwer GRRSHPAKAL 2P EFreter Brosessiig OC3ChSit e printers 33. | ndoor sign
printers 34. Billboard printers 35. Videogane printers

Wide Power Transistor
The width to length ratio of the power transistor is 688. This allows a 4 Ohm on-

resistance, whereby the drive transistor consumes 6.7% of the actuator power when

operating from 3V. This size transistor fits beneath the actuator, along with the shift register
10  and other logic. Thus an adequate drive transistor, along with the associated data

distribution circuits, consumes no chip area that is not already required by the actuator.

There are several ways to reduce the percentage of power consumed by the transistor:

increase the drive voltage so that the required current is less, reduce the lithography to less

than 0.5 micron, use BiCMOS or other high current drive technology, or increase the chip
15  area, allowing room for drive transistors which are not underneath the actuator. However,

the 6.7% consumption of the present design is considered a cost-performance optimum.

Range of applications

The presently disclosed ink jet printing technology is suited to a wide range of
printing systems.
20 Major example applications include:
Color and monochrome office printers
SOHO printers
Home PC printers
Network connected color and monochrome printers
25 Departmental printers
Photographic printers
Printers incorporated into cameras

Printers in 3G mobile phones

RBE R B A G o S

Portable and notebook printers
30  10. Wide format printers
11. Color and monochrome copiers

12. Color and monochrome facsimile machines



36. Photo "kiosk' printers 25 37. Business card printers 38. Geeting card
printers 39. Book printers 40. Newspaper printers 41. Magazine printers
30 42. Fowom3prdami ers 43. Digital photo albumprinters 42CTMaw/oele3
printers WO 03/018315 PCT/ AU02/ 00763 5a 45. Autonotive printers 46.

Pressure sensitive label printers 47. Color proofing printers 48. Fault
tol erant commercial printer arrays. 5 Prior Art ink jet technol ogies

Simlar Cf},?ml{iifﬁﬂctﬁhir@tmé}@@&ﬁbiﬁf@ ki fiee sgart, anbespnemeniaisl abl e from the
n

established "1 nk jet ufacturers in the near future. This is because the
two mai n poligiedeommerdiflgrimdrs i nk j et and piezoelectric ink jet - each
have severe fundanental ﬂprobl ens neeting the requirenents of the

appl i cat i ]eﬁnshgﬁfq‘h@gﬁg]sﬂ MG ni fi cant problemwith thermal ink jet is power

consunpt i gn; I8 o Sint@PPr oxi mately 100 tinmes that required for these
appli cati%sl??gﬁgr%gjgls@grtm fromthe energy- inefficient nmeans of drop

ej ect in. 1THiestileptidkeres the rapid boiling of water to produce a vapor
bubbl e which expels the ink. Water has a very high heat capacity, and mnust
be super heshes rpmdigial PRI nk jet applications. The high power consunption

limts thxf9 Qﬁ%szek ﬁresé@p?fé%fhgpﬂﬁfgﬁ ty, as The nost significant problemwth
ri | e

pi ezoel ecttiT 1N S size and cost. Piezoelectric crystals have a very
smal | def p@qiowoeosatcangiagpniatere drive vol tages, and therefore require a

| arge area for each nozzl e, Al so, each piezoelectric actuator nust be
connect ed2t.dligh speedippge Width @tinteTn a separate substrate. This is not a

head, Mot 212 e B o o n of page wi dth brint
heads wi t b3 19261 ddldzheé sonGolpatismerof | J46 print heads and Thermal |nk
Jet (TIJ) printing mechanisns Factor TIJ print heads |1J46 print heads
Advant age24. Label printers
25. Ticket printers
26. Point-of-sale receipt printers
15  27. Large format CAD printers
28. Photofinishing printers
29. Video printers
30. PhotoCD printers
31. Wallpaper printers
20  32. Laminate printers
33. Indoor sign printers
34. Billboard printers
35. Videogame printers
36. Photo ‘kiosk’ printers
25  37. Business card printers
38. Greeting card printers
39. Book printers
40. Newspaper printers
41. Magazine printers
30  42.Forms printers

43. Digital photo album printers
44. Medical printers



Resol uti on 600 1,600 Full photographic imge quality and high qualit t ex
Printer type Scanning Page width 1J46 print heads dg not scgn, qresul %/i ngei ;
fastler prwotosfogssahd snal | er size Print speed <1 ppm 30 pprCIrid®2/poicst
head's page width results in >30 tines s§aster operation Nunber of nozzles
300 51,200 >100 tinmes as nany nozzles enables the high print speed Drop
vol ume 20 picoliters } picoliter Less water on the paper, print is

i medi at eii)ftmﬁ!éﬁﬂoti\%gprﬁﬁ%kl e’ Construction Milti-part Mnolithic |1J46 print
heads do not requir I gh precision assenbly WO 03/018315 PCT/ AU02/ 00763
56 Fact or46lPlessutentnsibadabdl piifiteps i nt heads Advantage Efficiency <0.1% 2% 20

times increase in efficiency results in |low power operation Power suppl
Mai ns powd’ (lenpipefég MRS y operation allows portable printers, e. gl.opi %

caneras, phenes beak: pressule aiPagsy® 0.6 atm The high pressures in a

t her nmal |%§ Je{i cause re?llléaagpﬁity pr}g]bl ens I nk tenperature +300 C +50 C

H gh ink tenperatures cause burnt dye deposits (kogation) Cavitation

ﬁreogl e Nerier Lavnk @t teohndlegiesi on due to bubble collapse) limts head life
ad life Li ”s%rﬁgax%’%d%‘ﬁﬂ?g%in{r hehdP b \inliRER4S bBEdind Spklasle dinetideetablished

cavitation an ogati1on erating voltage 20 V 3 V All ows operation from

smal | bat {fribEesanifapoetsintthe fiear fygoret Zhisds herdugedibi &0 prai
sl | batig ] W seob prime@yendetser Gormalr

0J 160 nJ < 1/50 of the drop g]ection.enerqgy. all I
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10 The most significant problem with thermal ink jet is power consumption. This is

-

approximately 100 times that required for these applications, and stems from the energy-
inefficient means of drop ejection. This involves the rapid boiling of water to produce a
vapor bubble which expels the ink. Water has a very high heat capacity, and must be
superheated in thermal ink jet applications. The high power consumption limits the nozzle
15  packing density, as
The most significant problem with piezoelectric ink jet is size and cost. Piezoelectric
crystals have a very small deflection at reasonable drive voltages, and therefore require a
Jarge area for each nozzle. Also, each piezoelectric actuator must be connected to its drive
circuit on a separate substrate. This is not a significant problem at the current limit of
20  around 300 nozzles per print head, but is a major impediment to the fabrication of page

width print heads with 19,200 nozzles.

Comparison of 1146 print heads and Thermal Tnk Jet (TI)) printing mechanisms

Factor TIJ print heads | 1J46 print heads | Advantage

Resolution 600 1,600 Full photographic image quality and high quality
text

Printer type Scanning Page width 1J46 print heads do not scan, resulting in faster
printing and smaller size

Print speed <1 ppm 30 ppm 1746 print head’s page width results in >30 times
faster operation

Number of nozzles | 300 51,200 >100 times as many nozzles enables the high
print speed

Drop volume 20 picoliters 1 picoliter Less water on the paper, print is immediately
dry, no ‘cockle’

Construction Multi-part Monolithic 1746 print heads do not require high precision

assembly
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without departing from the spirit or scope of the invention as broadly described. The present
embodiments are, therefore, to be considered in all respects to be illustrative and not

restrictive.



58 7. An printer according to claim1 wherein at |east one of the baffles
extend in directions transverse to the |ongitudinal extent of the

pri nt headwo®3/0183p3 i nt er according to claim4, wherein sai ¢CENPONEWSS ar e
injection nolded. 5 9. A printer accorging to claim6, including a

pi ercable wall portion in each said ink storage chanber for connection
thereto of an ink supply conduit connecting to a bulk ink supply source.
10 10. A\qv'eﬁgﬂwpccording to claim1, wherein said ink supply unit

i ncludes a housing having a series of hydrophobically seal ed breat her

hol es. 11. An el ongate pagewi dth ink supply unit including a series of

substantially ,coex i . ew dt h storage chanbers for hol ding
b1 o AT R B e B

separate S 0°-an el ongate pagew dth printhead, said
i nk supply uni g blegEdidpagwidhyeitiead bivinghbleslitypdoddsuablymsegeh chanber
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each icl udi ngamelnogase pagewidthdpk isiabusign ssanifoldronpente ‘iﬁ’psﬁc&’n adand o
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holes. 12. An"ink Supply unit as clainmed in claim1l, wherein said nolded
chamber s obimirinlsts posiionedplangathe panifodd.whi ch are seal ed together to form

o on 320y Wb e AP RE LI L B sty
wher eiip t REetdtsivelifdra@fh Gh@THRAIEnDitde ROME dlbidatpagbwirth swrape ¢chambgpdnent s 30

holding ink for supply to said manifold, said storage chamber including a series of baffles

spaced along the storage chamber and extending in a transverse direction so as to define

chamber portions each including a hole aligned with said ink inlets and via which ink in the

chamber portions can flow to the manifold, the baffles acting to reduce excessive

15  acceleration of ink along the storage chamber from one said chamber portion to another as
may be induced by movement of the portable printer, whilst allowing for flows of the ink
from said chamber portions to the manifold inlets via said holes in response to active

demand from said printhead.

20 2. A printer according to claim 1, wherein the ink supply unit has a series of storage

chambers for holding separate color inks.
3. A printer according to claim 1, wherein the printhead is a printhead chip.

25 4. A printer according to claim 1, wherein the ink storage chamber is constructed from

molded components.

5. A printer according to claim 4, constructed from two or more interconnected
components.

30
6. A printer according to claim 5, wherein the ink supply unit includes three or more

said ink storage chambers, each having said baffles disposed therein.
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7. An printer according to claim 1 wherein at least one of the baffles extend in

directions transverse to the longitudinal extent of the printhead.

8. A printer according to claim 4, wherein said components are injection molded.

9. A printer according to claim 6, including a piercable wall portion in each said ink
storage chamber for connection thereto of an ink supply conduit connecting to a bulk ink

supply source.

10. A printer according to claim 1, wherein said ink supply unit includes a housing

having a series of hydrophobically séaled breather holes.

11.  An elongate pagewidth ink supply unit including a series of substantially
coextensive elongate pagewidth storage chambers for holding separate color inks for supply
to an elongate pagewidth printhead, said ink supply unit including:

a series of baffles spaced along each chamber and extending in a transverse direction
so as to define chamber portions each including a hole via which ink can exit the ink supply
unit, the baffles acting to restrict high speed fluid flow within said chambers whilst
simultaneously allowing low velocity flows through said chambers as ink is drawn by the

printhead from the chamber portions through said holes.

12.  An ink supply unit as claimed in claim 11, wherein said molded chambers comprise

two separate parts which are sealed together to form said ink supply unit.

13. A printer according to claim 5, wherein said components are injection molded.

14. A printer according to claim 2, wherein the ink storage chambers are constructed

from molded components



