WD 03/018314 1 | NKJET PRI”M@WMW[E% THERVAL BEND ACTUATOR HEAT mﬁ 105y -2
ELEMENT ELECTRI CALLY | SOC ZLE CHAMBER I NK. 5 Field of

| nventi on The present inventi®WATeNs| ates to the construction of E\Mﬁ‘ﬂ (s
m cro- el ectY@VHEEHANI cal devices such as inkjet printersP&RAUPHOIE t Poul HS
di scl oses a process of electrical isolhtion of conponents froma fluid
reservoir. Background of the Invention 10 Recently, for exanple, in PCT
Application No. PCT/AU98/ 00550 the present applicant has proposed an
inkjet printing device which utilizes m cro-el ectronechani cal (MEMS)
processi ng INGEHRPYNEHEARHARRG THERMAL BENPAGTUATQR HEAINGFELIBMENT act uat or type
device for BhecriCaivaSoINTEDFOM NoZ2De @uaMsz wkehanber . In any such ther ml
actuator type device, it is often the case that the thernmal bend actuator
is operated 15 via the selective resistive heating of an element. The
utilizatpon of conductive heating elenments near a fluid supply may lead to
probl ems WheQRYmd AGnih,Ui d supply interferes with the electron flowin the
conductive elenment and el ectrol ysi s results. This can result in a general
? Ilzlga:(g\?\gzt I()l;nt -?ﬁgﬁérﬁléleg\% 1g{egt5)f\ gtg.a the Igonstr%gtg?ﬁg ng rcmjlalecctro m%an#:%l%ev d;gs suc:%qpq@igt%gog
plurality ofrisisyar s pefsperdissloepp Pf%"dssefrf"’&"‘c%‘ﬁ%aé‘f"rcéf‘é“"°'§5!&fﬁ°‘?1bt1“2dl B ce
conpri si Ng: pack@dd bnaRmREr . @ nozzle opening through which ink fromthe
nozzl e chanber is ejected, 25 a novable elenment in contact with ink in the
nozzl e clflanber to cause said ej ection of ink. a thermal bend actuator

havi ng a pr oxi nﬁbcenmdoramipteneml ApptidadonNoREITALIO8/ 0Q8AUthepretent tpalicans had Propastdect ed
to the ”DV%Pln ct(?) ﬁﬂ?&t/wo? &rﬂ‘ﬁ uﬁﬁzs%tﬂ%lcclr%tﬂmbammg) erc%EsmEQEl{niq&@ indd acent

the proxi mal ext erna he nozzl e ﬁ havi n onducti ve
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ext ending to _san aly siehibdohe acﬂiaeﬂﬁmdemdt i afterctbedaskitat the themad bnndiactuptkr is @&rawvher ei n
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first and secon ns s tric energy in sad ﬁeatln circuit
| ayer is notsunfbﬂaugedéﬁprﬁg}mts Né"“é’éfhﬁﬁ‘t“bsr“?&‘b“‘?&feélwl"}f - electrom dpw i eQpdehiyey
dielectric repansa@eRRblySESsuds. Thidtan exitenchenel Bekdss oftivectidre fendirg dxendrophic
actuator. Rr. Ff erably said conductive heating circuit layer is

substanti al | y pI anar. Preferably said conducting heating | ayer conprises
substantially titaniumnitride. pCS

20  Summary of the Invention

There is disclosed herein an ink jet printhead comprising a plurality of nozzle devices formed on a
substrate, each nozzle device comprising:

a nozzlé chamber,

a nozzle opening through which ink from the nozzle chamber is ejected,

25 a movable element in contact with ink in the nozzle chamber to cause said ejection of ink,

a thermal bend actuator having a proximal end anchored to the substrate and a distal end connected to
the movable element, the actuator including a first portion adjacent the proximal end external to the nozzle
chamber and having a conductive heating circuit layer for heating the actuator, and a second portion extending
to said movable element and in contact with said ink,

30 wherein said actuator includes a dielectric means for electrically isolating said first and second
partions so that electric energy in said heating circuit layer is not conducted by the actuator to said ink.

Preferably said dielectric means comprises a slot extending across the thermal bend actuator.

Preferably said conductive heating circuit layer is substantially planar.

Preferably said conducting heating layer comprises substantially titanium nitride.
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PCT/ Ai 102/ 01059 ~0 WO 03/018314 PCT/ AU02/ 01059 2 Preferably said
conductive heating circuit includes at |east one tapered portion adjacent
said proximal end arranged to increase resistive heating adjacent said
proxi mal e o3medfier abl y sai d novabl e el ement is an ink ePEEAVRIPRAdI e

| ocated within the nozzle chanber and 2 novabl e toward sai d nozzl e opening
to eject ink. 5 1 Alternatively said novable portion includes the nozzle
openi ng and nove towards the substrate to cause ejection of ink. through
the nozzl e openi Regferaiy ajdespaghqtiye hsatiagcirwtiogudes d¢astore rsTHHPaoR U3t LRI} AT t i on
defining the nozzl 2 or{;eni ng ,an%fta sdki It rco’{i%%’% depending fromthe crown
portion, theSKIPE BIFEPBIFTTISE 1 NE U PSP Oparc of a peripheral wall of the
nozzl e chanber. ]’QfeE%@EaﬁJlﬁo%bYe eferﬁ&tﬁgﬁ it SRR phddfe hddHQSHitRR b sz1d dbheRder ARET L UT €

defined in a floor o e nozzl e chanber and a bounding wall surrounding

the apert ur e,Ahik Bakd it AGziBope@fQ8gechiar. t of the peripheral wall of the
nozzle chanber. Preferably the skirt portion is displaceable relative to

t he substy at e ancdhesaitiek!yjsaid mavable paniph inclgdes hewzziesopening andmivivéipvards ghe pubstiats i or

inhibiting | eakage of ink fromthe chanber. 15 Preferably said dielectric

means i s | ocwaseegieqtisn af vk frougighereleRBFPiPe e chanber. There is further discl osed

herein an inkjet printhead conprising a plurali of .. nozzl i f or ned
J Pgeée&qu ﬁ%;gzqzae \c}ei comprges a ch())wn ?Oﬁgn Eiéaf:lmﬁ t%cg r'oéz?ccoﬁgng\:e{*_d?gﬁrt

on a substrate, ce conpris a nozzle

openi ng thr Oﬁ&qt&n m&n(&m% E&?tﬁi LQR ptn]ﬂ&:. RO&Z p%rti@rh@xrnﬁ%%ra fitsSpaft b&Ghr@fHeral A ¢F gOVabI e

el ement in contact w in'the nozzle chanber to cause said ejection of
i nk, a thernglzb@mnsheact uat or having a proxinal end anchored to the
substrate and a distal end connected to the novable elenment, the actuator
i ncl udi ngo a fi r stPrefwablyittemriscadicdudts ab micinjst apseiureribfinedhia 2 Boer efthearzzle ehambreadaz zl e
chanber and having a conductive heating circuit Iaﬁgr, fOL agegh%n%lthe
actuat or, anbPuBdingRbHEOYIERS POARCTIERRY AT 2 steond 887 4 RBBISTEY R CERERFand i n
contact with sajd ink, 25 wherein said first and second portions are

el ectrical | y*P"®5fated from one another so that electric energy in said

heating circuit |@yel sl&%or%%&&ﬁﬁc‘%ﬁlebé{mm% hBSbHAk d sti@boBiling whilsevesBs | ef
Description of the Draw ngs Notw t hstanding any other forns which may fall

Wi thin the sepR@bif medhefopinR& Rlcakapdit ik framthe puefeer red forms  of the
invention will now be described, by way of exanple only, with reference to
t he acconpanyiefeqbid saiietegrsc ingans i8icawhéxesmnal W @2ACI8®Y4 PCT/ AU02/ 01059 3 Fig.
1 illustrates schematically a single ink jet nozzl & in alchuiiéag%gmrlt ona
posi tion; Filhere ipfupther djssioped prscin andkdstptryheadicpprisingd AN of 1R BYREZSF &7 n a
firi ng posit Isu%gtiate, each nozzle device comprising:

anozzle chamber,

a nozzle opening through which ink from the nozzle chamber is ejected,
20 a movable element in contact with ink in the nozzle chamber to cause said ejection of ink,

a thermal bend actuator having a proximal end anchored to the substrate and a distal end connected to
the movable element, the actuator including a first portion adjacent the proximal end external to the nozzle
chamber and having a conductive heating circuit layer for heating the actuator, and a second portion extending
to said movable element and in contact with said ink,

25 wherein said first and second portions are electrically isolated from one another so that electric energy

in said heating circuit layer is not conducted by the actuator to said ink.

Brief Description of the Drawings
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

30 which:



Fig. 3 illustrates schematically a single ink jet nozzle in a refilling
position; Fig. 4 illustrates a bi-layer cooling process; 5 Fig. 5
illustrates a single-layer cooling process; Fig. 6 is a top view of an

al i gned noXw0e301klg. 7 is a sectional view of an aligned HS'E@‘P%Z,’MO?% g. 8is
a top view of an aligned nozzle; Fig. ® is a sectional view of an aligned
nozzle; 10 Fig. 10 is a sectional view of a process of constructing an ink
jet nozzle; Fig._ 11 is a sectional view of a pro s of constructing an ink
j et nozzle aftef&cH ‘fﬁfifcgfg‘ﬁ?éag'ffgbfﬁ gl '"?Iﬁf R4 g%"fc?%ﬁ;pos 'g. 12 illust ?at es

t he steps invol Fed illuwtrddsechpnagfally 7 engledniriroepizrieing filing pgsitiekieat i ng the ink; Fig.

13 illustrates &}e; HQLNBknBhdit) NohgkiRGekide 6 Y fefillag phiioni 9. 14 illustrates
the utilization of reheating cycle; Fig. 15 illustrates a graph of

. .a : H '
likely print hed# ‘b'ﬂ\é‘ﬁ%i‘tsi"ﬁ@'a)teb“r‘?ﬂ@fl&'f"iﬁse; Fig. 16 illustrates a graph of
i kely prsint he&d Dpetratsiamigglé-eyepedlguoess;, Fig. 17 illustrates one form of

driving a print FQ?@QaToPCieP?ﬁDQ@BJd'ﬂ 51 9. 18 illustrates a sectional view of
a portion of an initral wafer on which an ink jet nozzle structure is 20
to be formed; Fifg7#oseploniidiey ofipelieped@%tisk for N-wel | processing, Fig. 20
illustrates a seqtspaab viewefkn afgned npelet i on of the wafer after N-well

processing; Fig.g 24 %Jct%gﬁvg&ﬁfsangigggdq&z,gerspecti ve view partly in section
of a single nozzi% a er N-well processing; Fig. 22 illustrates an active
channel Hask; 2Figigysapaiopal vigrsef @ aroesss ohcoarBytipe RN G PBHF of fiel d oxi de; Fig.
24 illustrates &iSidea R ESE 4\ @rodebseicopsaridtinyaniink j& ewti¢ dter Ghemicel Meahelical nozzl e
after field oxide delgosi.tji(r)‘n; Fig. 25 illustrates a poly nask; Fig. 26

illustrates a sectional Vi ew of deposi ted polné; 30 Fig. 27 illustrates a
P

si de perspect i veFia ikipspaigstheytens ipvalese in tesprefprredenpdipantn HESZPeSiter pol y
deposition; Fi grig 28iniskrhidéenarim@priing aockingeale; Fig. 29 illustrates a
sect Onfal 5 vi ew 01I . rl]+i]lE|sgBquhr(]‘.tut-iliz§iogbf a39=.h | JinI lz!)scter aj[ es a side per SpeCj[ lve view
partly i A secti or otV B S ngl e "nozzl & artar n+ i nplant; Fig. 31 illustrates
a p+ mask; 35 FiFKig !Bflusiritpsigstapteaf Bkelypring bead pPREFIENE SAPEHEhowi ng t he ef fect of p+
inplant; Fig. 33mihéustEatgapiorSkatlrinas pretiigenpsaeey partly in section of a
35 11 Tustrates @ ELRPuHERT el ek R e IPRRE® oF Geposi ting LD 1 and
et chi ng contact FKig a8ilush@esQ3¢c0dr83 e of XPPytion 21 ifig3@fer on which an'ink jet nozzle structure is
20 10 be formed;
Fig. 19 illustrates the mask for N-well processing;
Fig. 20 illustrates a sectional view of a portion of the wafer after N-well processing;
Fig. 21 illustrates a side perspective view partly in section of a singlg nozzle after N-well processing;
Fig. 22 illustrates an active channel mask;
25 Fig. 23 illustrates a sectional view of field oxide; . '
Fig. 24 illustrates a side perspective view bartly in section of a single nozzle after field oxide
deposition;
Fig. 25 illustrates a poly mask;
Fig. 26 illustrates a sectional view of deposited poly;
30 Fig. 27 illustrates a side perspective view partly in section of a single nozzle after poly deposition;
Fig. 28 illustrates an n+ mask;
Fig. 29 illustrates a sectional view of n+ implant;
Fig. 30 illustrates a side perspective view partly in section of a single nozzle after n+ implant;
Fig. 31 iltustrates a p+ mask;
35 Fig. 32 illustrates a sectional view showing the effect of p+ implant;
Fig. 33 illustrates a side perspective view partly in section of a single nozzle after p+ implant;
Fig. 34 illustrates a contacts mask; '

Fig. 35 illustrates a sectional view showing the effects of depositing ILD ! and etching contact vias;



4 Fig. 36 illustrates a side perspective view partly in section of a single
nozzl e after depositing ILD 1 and etching contact vias; Fig. 37
illustrates a Metal 1 mask; Fig. 38 illustrates a sectional view show ng
the ef f ect Wif03/83¢ deposition of the Metal 1 layer; 5 Fi BCTAYO¥OYYs¢tates
a side perspective view partly in section of a single nozzle after netal |
deposition; Fig. 40 illustrates a Viat mask; Fig. 41 illustrates a
sectional view show, the effects of depositing LLLD 2 an t chi aont act
Ve TR o 6 T e o e R ey ad Pl oSt RiRR 0
vi ew showi ng t he effeuwthmgomhtadepositing a Metal 2 layer; 10 Fig. 44

illustrates a siglesNELSREGMeME MW partly in section of a single nozzle
after metal 2 deposition; Fi 45 illustrate

00S] . . 9. . S o2 Via 2 ggsp‘; Fi|?'-46
illustrates a sddk PHHuIRS P ERiSH SR g ipaer Ep dte! posifi o e MPld '¥td 3 and
et chi ng cont act Pig. asillustrdids @ sidedpérspebtlveliew mattip & sectiviadl abingB nomB lafter fgtg) 1 depBsition;

illustrates a Snggt.ii(ﬁFlﬁlratééiaQ’Yle&W ng the effects of depositing a Metal 3
layer; 15 Fig. 49 illustrates a side perspective view pard:e_lgg in section of

a singl e nozzl e Fif #lefusiipgs g pectiong Kisw hovipgfic cffeqty of depegijing ILD 32pd eifpipgoogfacyias: 3
mask; Fig. 51 ildigstinatres aMeaenhasional vi ew showi ng the effects of

deposi ti ng pass!ﬁéggki iﬂ\ﬂtrﬂéiage%tioqlmqwoLh%&'iingtﬁ esf'é‘é?s ofﬁJstmnEQM&%l%%er;Fi g. 52

illustrates a sic erspective view pa In section of a’si ngl e nozzle
after depbsiti ndis S0lysaEiagds ReBPeelyk VierePashydn st 9f @ dngleiigzele e ity 29fPaEtiong; g

53 illustrates aFipestigkasasba2ebly. 54 illustrates a sectional view show ng
j[ he effect of del:p0§é iElllxsn-gcs% seagc?ﬂgl%{ewrs}{oagg {h%mea&}f Gd gs%in%ﬁbejrahd Jtzéhg%coﬁéct vias;
illustrates a si perspective view partly 1n séction of a si gl e nozzle

af ter deposi ti ngfig ReillprsgieseMetat Jmagkii um nitride layer; 25 Fig. 56 illustrates
a actuator / beng apipansattioniBi sholingihe &iféctd dfiépsditingh BIStald 15@Ct | onal vi ew

showi ng the effect of depositing actuator .glass and ben C NSaL L.
titani umlgi tri d:ﬁ%‘l# %)'éhrm%t?s@ ROREPERg '°‘§§fmlryll ﬁ%‘to? %ftaaélggl%noéﬁﬁéger%g@ gp g%“lc{'/"e vi ew
partly in secti ofie 89 illssuatpsadliad mekez| e aft er depositing and etching the

actuator gl ass amgsb@neaeARREMSIBIO Eholvink ROEHER Tidbpbditthg pdsy fdnSiidead dtige anb9
illustrates a nozzle mahsk; Fig, 60 illustrates a sectional view show ng the
effect of the depositfhgeof™a sacrificial |ayer and etching nozzles: Fig.
61 illustrates aFigisedlugerssypidepespestiveiviewrqudyriv fegtiop of agiaglt fognte afi¢r deposdinagl e nozzl e
after depgsiting and pfkidaliéoxid€dn€hirBknt Hehingagk;i ficial layer; 35 Fig. 62
illustrates a nozzl e chanmber mask; Fig. 63 illustrates a sectional view
showi ng et ched cHaRbEPEET EWE™8Kcrificial |ayer:

Fig. 54 illustrates a sectional view showing the effect of depositing a heater titanium nitride layer;
Fig. 55 illustrates a side perspective view partly in section of a single nozzle afler depositing the heater
titanium nitride layer;
" 25 Fig. 56 illustrates a actuator / bend compensator mask;
Fig. 57 illustrates a sectional view showing the effect of depositing actuator glass and bend
compensator titanium nitride after etching;
Fig. 58 illustrates a side perspective view partly in section of a single nozzle after depositing and
etching the actuator glass and bend compensator titanium nitride layers;
30 Fig. 59 illustrates a nozzle mask;
Fig. 60 illustrates a sectional view showing the effect of the depositing of a sacrificial layer and etching
nozzles;
Fig. 61 illustrates a side perspective view partly in section of a single nozzle after depositing and initial
etching the sacrificial layer;
35 Fig. 62 illustrates a nozzle chamber mask;
Fig. 63 illustrates a sectional view showing etched chambers in the sacrificial layer;
Fig. 64 illustrates a side perspective view partly in section of a single nozzle after further etching of the

sacrificial layer;




Fig. 64 illustrates a side perspective view partly in section of a single
nozzle after further etching of the sacrificial |ayer; W 03/018314
PCT/ AU02/ 01059 5 Fig. 65 illustrates a sectional view showi ng a deposited
| ayer of novQo18H&nber walls; Fig. 66 illustrates a sidePﬁyﬁg’%‘E{’?%e Vi ew
partly in section of a single nozzle after further deposition of the
nozzl e ch?nber wal |'s; :::cg I 67 illustrates a sectional view showi ng the
process of creatjng se al i gned nozzl es, usjn em chani
Pl anari zation ( Al ”ﬁfa{f?aséggﬁ?r'ﬁ‘ég?”g?geasd"%mlsc? @%’C‘}’p}é“ﬁgé‘gg‘lé‘?“u’°\?“e“”§‘i ewmpg?![ ly in
section of a si g @ ihowes esidefperencci@ewrhrly aecionef+ ngleepralpiisr fugher deaosiim ey 69
IF: Igustﬂr)ajt FIS atse;:ti onﬁelbmy‘iﬁ@mn@ﬂ@mslng t he EOZZl e nounted on a wafer bl ank;

: illustrates a back etch inlet npsk; ig. ] \ .
sectional view SHolHgraehRseetoph Ryt nﬁd‘f'dcfségfcg%% f“%ég;" elélj:"lgﬁ%%{/%%ééhe@icg. 72
illustratses a side pevgpeciiPlasrivtieviCMBEt|ly in section of a singl e’ nozzl e

after et .Chi ng a‘WgYﬁSQflﬂsttra'fE@a siéeapgrgéemvgi'im palt@ﬁ@éo‘ﬁén ofh Qnglc%&zie'aﬂtdﬂ@lt/ll’ atuesoalesi de
perspective view partly in section of a single nozzle after etching away of

the sacrificial Iayecrhg“bf%l‘l@éﬁ along a different section line; 15 Fig. 74
illustrates a st sqmadrated b &dticsd @iew shgwiag thopzdlegnobntddog @ wafertblank: nk; Fig. 75

illustrates a si_}_?ijgg?Oqu&&%@?ucygch\{jﬂg%sqgrt ly in section of a single nozzle

ejecting i nk; _ ) ustrates a schematic of the control logic fo
single nékzle; gy 71 s EES P88 SV ORPSS B N et SR BY ne cont rol
| ogic of a singlrmg MoBGEes a EitlgperspeBtive hibwigittly it seioreof b ¢ gsmdzzlymftd eghing waylegthe
various layers utilized..n the described CMOS/MEMS 20 inplenentation; Fig.
79 illustrates the CMX® | evels up to the poly level; Fig. 80 illustrates
the CMOS | evel s Figy7% ustraies a g Refspegtive aigws partly inpseqion af 4 sipglq nqzafe aligr gighing xay

| evel s up to the net alacrBickamersk iaken Eoka dBRrentlsdetidtiinat es the CMOS levels up to

the netal _3 level: 25 Fiqg. 83 il|ust MGuand MEMS | evels up to
t he MEMB'heat erel%‘%\zéa?s"a[%iaé? g’(ﬁ‘ﬂ Vierﬁhﬁg?‘% gt%ééngleAct uak?or Shroud. Level ; IOFi g.

85 illustrates aFisiedusperapdercisestiaiey paliitsedigeefissneiorz2t oseie i"in of an ink
j et he?d; Fi ]9 Bfg. 176 i_uL&%Ezés?ts&xsmaaBomlcarugl&@ic\mawma‘noszlesi de perspective partly
in section of a portjon o i.nk jet. head; Fi , L) lustrates a
nunber of |ayers ‘F'&% P %es '@%%"kseft?tﬁgffﬁ%ﬁb%rgﬂo ms‘%??"%% n!())JfZJe’act uators; Fig.
88 illustrates aFipas tlisyeesaflestrdokkesefitfeaerivvdfyen wigrér hatisicAGMPRPMEYGh waf er
ink supplyy channels; Fighenfldnil | ustrates the arrangement of segnments in a

rint head; Fig._ 90 | i i
1|‘Oi ring order: 9 Fig. 79 'iulusluligstugeaéw?()ss lgv%lrslgpr];oaa\le goyllL%l;a single pod numbered by

Fig. 80 illustrates thc CMOS levels up to the metal | level;
Fig. 81 illustrates the CMOS levels up to the metal 2 level,
Fig. 82 illustrates the CMOS levels up to the metal 3 level,
25 - ' Fig 83 illustrates the CMOS and MEMS levels up to the MEMS heater level;”
Fig. 84 illustrates a Actuator Shroud Level;
Fig. 85 illustrates a side perspective partly in section of a portion of an ink jet head,
Fig. 86 illustrates an enlarged view of a side perspective partly in section of a portion of an ink jet
head.
30 Fig. 87 illustrates a number of layers formed in the construction of a series of actuators;
Fig. 88 illustrates a portion of back surface of a wafer showing 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;
35 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;




Fig. 91 illustrates schematically a single pod nunbered by | ogical order;
35 Fig. 92 illustrates schematically a single tripod containing one pod of
each color; Fig. 93 illustrates schematically a single podgroup containing
10 tri podsWOR¥1804 || ustrates schematically, the relati Bﬁg/ﬁp?f%&?v\een
segnents, firegroups and tripods; Fid 95 illustrates clocking for AEnable
and BEnabl e during a typical pri nt cycl e; WO 03/018314 PCT/ AU02/ 01059 6
Fig. 96 illustrates an exp ectl Vi ew ad of a
print head into"&n®i l'Hi{m‘&ﬁ«f’gﬁwgﬂﬁ% 'zrl‘ﬁcwsc’ﬁ%e R LS ? ?nuoi ﬁml IQ%I‘EE{Q% %Clnﬂq&l
illustrates a side pemls!pemppovtetrmuew partly in section of the ink channel

nol di ng support Ff%tfh lﬂﬁ;tH&@a side Eérﬁccn%&lekvlpl\rhlyﬁﬁ Ee@ttoﬁ Sf tﬁe i HRndD ABISIRERHPoN ﬁruMllraW
partly in section rin oll unit rint

99 illustrates S‘gsc‘igd‘@s‘iﬂg?assﬁféBT’?”Vé"e\)“eé’\Rf" in seetiop 0 tﬁatp"m "ﬁd""uﬁ "Etﬁead a"%ﬁtte'hae"éid and
pl aten; Big. 10@igi olilusiateas G paspsdtigkeviesopd midedi Lpexrpspé@tdpnﬂ@law-ew of a print

rol I unit, pri ntl:lghl%ﬁﬁllus?rglgs aghggxglgded tﬁpgtwejvglf ofasprlﬂtnolﬂmt %Flgggd E)rﬂrpﬁﬁle(:t ive part
V|eW|IIustrat|n e attac 1? print head t nk tribution

mani fol d as shom {0k ispmp ‘@‘Hfgé‘%l”%“%t’ﬁa”@/?w "fﬁ'f"fj““gi'lﬁi“ﬁdi‘"i“’ﬁ‘é’f ?‘5%@‘“&%““&" ened out
pl an view of the out elrsniaatonaardadﬁxfshctwapm@m%m%d bonded filmshown 10 in

Figure 97; Fi g lllu trFq]t Lo eﬁe% Bgﬁn 1§ycﬁqh§gutc§|ln51?sl&fof tgﬂagut&ﬁ?c@%déalﬁtm hée
aut omat ed bonde f_l 2; 104 shows a three

di mensi ofal , scherratl'&F‘W‘?e?R/ of a nozzl e asserrbl y for an ink jet printhead
in accordance Wrghid hlﬁstﬂawmtaue@d’\sxdeﬁft@p&pen&ﬂﬁtthnb ad@fates badeddilrt $howoen Fig. 102;

dimensional, schejpeg &&' o o HES AN, e BPE B Bty 1 S AORZ Rircadi

assenbly of Fig ree di nmensional view of a nozzle
array const|atcé,5;da@gwmhé,m}gndoﬁt pri nt head Fig. 109 shows, on an enl arged
scale, part of the array of Fig. 108; Fig. 110 shows a three dinensional

vi ew of an ink | ®tgs.posit1tciei@d aittne ldindishoopl, acherodzillestrgioasfdn ofejatm of the dozdeq t 0 11

| r show t hree-di nensional views of steps in the nanufacture of a nozzle
assenbl ylof as2@blapfHenl®4j et print head; Figs. 112a to 112r show sect i onal
side views of the manufacturin | ayout s of

. 19 St eps;
masks used in vafigol?és@f’%“dg“’ﬁW%Pﬂ%’algﬁﬁu{ gfz[‘ira i Com‘?“(‘)"(r:1 %"s”%”gﬁ“"m%vg 114a to

114c show three [ ens 9k AN.rAReEALI @ 1@{ t he nozzle assenbl y
manuf act ur ed accgj}ggﬁggmtg{;&l \éhrr%g%ﬂoép o F gs@ él] and 112; and 25 Figs.
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mechani cal syst erﬁgs.qlll-ia t& 113k show layouts of masks used in various steps in the manufacturing process;
Figs. 114a o 114c show three dimensional views of an operation of the nozzle assembly

manufactured according to the method of Figs. 111 and 112; and

25 Figs. 115a to 115c show sectional side views of an operation of the nozzle assembly manufactured

according to the method of Figs. 111 and 112,

Description of Preferred and Other Embodiments
The preferred embodiment is a 1600 dpi modular monolithic print head suitable for incorporation into a

wide variety of page width printers and in print-on-demand camera systems. The print head is fabricated by
30  means of Micro-Electro-Mechanical-Systems (MEMS) technology, which refers to mechanical systems built
on the micron scale, usually using technologies developed for integrated circuit fabrication.
As more than 50,000 nozzles are required for a 1600 dpi A4 photographic quality page width printer,

integration of the drive electronics on the same chip as the print head is essential to achieve low cost.
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30 results in a movement of the paddle 7 in a downward direction. This in turn results ina general sucking back

st

of the ink around the nozzle 5. The forward momentum of the ink outside the nozzle in addition to the
backward momentum of the ink within the nozzle 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.
35 The operation of the preferred embodiment has a number of significant features. Firstly, there is the
" aforementioned balancing of the layer 10, 11. The utilization of a second layer 11 allows for more efficient
thermal 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
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down to a first level eg. 44. The chemical mechanical planarization process acts to effectively “chop off" the
top layers down to level 44. Through the utilization of conformal deposition, a regular rim is produced. The
35 result, after chemical mechanical planarization, is illustrated schematically in Fig. 11.
The description of the preferred embodiments will now proceed by first describing an ink jet preheating

step preferably utilized in the 1J46 device.
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and the equilibrium !emperature of the print head during printing operations. Hence, the degree of preheating

may be varied in accordance with the measured ambient temperature so as (o provide for optimal results.
A simple operational schematic is illustrated at Fig. 17 with the print head 130 including an on-board
series of temperature sensors which are connected to a temperature determination unit 131 for determining the
35  current temperature which in turn outputs to an 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.
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6" wafers Minimum practical for 4" monolithic print heads
1 polysilicon layer 2 poly layers are not required, as there is little low current connectivity
3 metal layers To supply high currents, most of metal 3 also provides sacrificial structures

Aluminum metalization | Low cost, standard for 0.5 micron processes (copper may be more efficient)
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Example Process Sequence (Including CMOS Steps)
Although many different CMOS and other processes can be used, this process description is combined

5 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 betow are part of the example ‘generic’ 1P3M 0.5 micron CMOS process.
1. As shown in Fig. 18, processing starts with a standard 6" p-type <100; wafer. (8" wafers can also be
used, giving a substantial increase in primary yield).
10 2. Using the n-well mask of Fig. 19, implant the.n-well transistor portions 210 of Fig. 20.
3. Grow a thin layer of SiO; and deposit SiyN4 forming a field oxide hard mask.
4. Etch the nitride and oxide using the active mask of Fig. 22. The mask is oversized to allow for the
LOCOS bird's beak. The nozzle chamber region is incorporated in this mask, as field oxide is excluded
from the nozzle chamber. The result is a series of oxide regions 212, iilustrated in Fig. 23.
15 5. Implant the channel-stop using the n-well mask with a negative resist, or using a complement of the n-well
mask.
6. Perform any required channel stop implants as required by the CMOS process used.
7. Grow 0.5 micron of field oxide using LOCOS. .
8. Perform any required n/p transistor threshold voltage adjustments. Depending upon the characteristics of
20 the CMOS process, it may be possible to omit the threshold adjustments. This is because the operating
frequency is only 3.8 MHz, and the quality of the p-devices is not critical. The n-transistor threshold is
more significant, as the on-resistance of the n-channel drive transistor has a significant effect on the

efficiency and power consumption while printing.



3. Gowa thin layer of SiOQ2 and deposit Si3N4 formng a field oxide hard
mask. 4. Etch the nitride and oxide using the active mask of Fig. 22. The
mask is oversized to allow for the LOCCS bird' s beak. The nozzl e chanbe

region is WE®Ms4ted in this mask, as field oxide i s exBFUAERO ?SF’omthe

nozzl e chanber. The result is a seried?of oxide regions 212, illustrated in
Fig. 23. 15 5. Inplant the channel -stop using the n-well mask wth a
negative resist, or using a conplement of the n-well mask. 6. Perform any

required cha%nglmwé'ﬁ"éb‘ci’ lants as required by the CMOS process used. 7.
G ow 0.5 m cloomewtit (.3 reibrdnsokpotleant sduerg udingBhly Bask iIRGH@INNFIARY sora@eirm gy N/ p

transistor threshal shsvuolhags adi ustments. Depending upon the
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characteristics _ rocess, it may be possible to omt the

t hreshol d ad|'uSefrEnten+ 'mh‘?'%sw"%2&9&%@%%%@%%@%‘1%"" ifFipdbdhryeqfadiginl y 3.8
MHz, and $he quinedriyig @éceds Beh p1OOEhRESOtIbSrequdEd, Bittie pérd@hance bR tAndisloaRsiost OF
threshold is nmig significant, as the on-resistance of the n-channel drive
transistor has a significant effect on the effioci ency and power

consunpti on {ehiPpréer "p)gff Prtimplgnt shyey 0 3)80n 8 32 v T Fompls ot 9B+ mask sigwn mFigwd 1t ¢e

gate oxide. 10 usu@erpasmaskemsa Reg ARk s, Qf\e nBﬂieYhadeﬂdgnB:ﬁ\MtlSéd%péd%tiﬁgwtohﬁ- pol y
mask illustrated in ownln Fig.

26. It. Perfor mp{: ding upog wlr'nrc%l-‘cr 1?1 lnahdca mn the fH ‘Qfg"' ngt T._l;\Bgopmégﬂ ﬁzhc&n rf.% _?_t mask
shown inlFig. mvamrﬁé 'Usléeqsfmlaetmcam theﬁ%&r@enbe‘meﬁgecm@ggwsmwc basonjapD
shoul d not be Lheddhistogd, as the performance of the transistors is not
critical. Perf.o using a
conpl enent o% Dﬁpos'hér%wm'ffopﬁ)dm@ﬁ“ “3 H%I gmw"?t%f?ﬁé 32+ mask wWith a
negat i ve r esistEich peontagizytd using heeehieqt mFSbgf FanBWHemozyeresiorplemeaed shenglalargor p+

dependi ng upON cyMiitréph, ahd will HotipRElypEAEE ik uld BhEkd) Thidkesidn sRfuldMRfefore BB cH@RI NG Of
this sil |§on re |qln8k§ not 10 relevant as it is subsequently etched, and
S

the STS ASE etd s recomrended does not use boron as an etch stop.
13. Deposit O @eWPFlCQQ)rnlsmnﬁfof@E@\ﬂD'q'Eﬁsn@dl Ass to formILD 1, shown at 220 in

Fig. 35 14.,&tEchnt k\@m@tﬂﬂfs%@he fdth $ m'a@'sﬂagn i b@ ﬁQ@Js@)qgrmrmﬁhchgns Eﬂ4ghow§4| ‘Fig The
nozzl e regl on |e,,§ %r eat ed a sin contact reglon, nOt
d

pass typi cal A"PHE @et‘g Fréioks °°"g‘Fﬁ ‘§“h ld‘ﬁa‘ holfisg “f“H‘é’r“ pras Sé“ﬁ@*“é’)‘%‘f:‘ls uded
15 from t he DR@ched bs palDefptoMEM Bsediienye. Theomdisiof of abtalriimibkmotz@ if ror assemiel @k helps  16.

Etch the,gl um '?éameué'stagnthbﬁ‘ecﬂﬁgérlofﬂqe%%1&%% in Fig. 37 soas toform
net al reglons 224 sh nozzle nmetal region is covered

with metal 1 asf)e%ﬁs“%b‘%‘c"’ﬁsﬁf %E‘g’ll)u'?ﬁoﬁl&ﬁisﬂgm D Fregipns R385 %\‘PW" BFg4's etched as
part of the Mc¥shgecquencesusibfi@e vinCinaisshown ioFig. retTad nodzld régidn iv@rend@azd sihgie fargaot

essential, but vneggp,ﬁ qgcp] LedugsobhepRéep in the neck region of the actuator
| ever arm 17, posi t 6 m crons of PECVD TECS glass to formILD 2

regi ons 228 15 D§'P?6‘V\?16’i“ﬁr°ﬁ°6““'%‘1“m‘i§“m'l?c‘”éh the contact cuts using the via 1
mask shoah i 20. FEicythe d0minihh@ing the déte 2 medyistoRn in Figt 42 e@ds efor@tmetrl itiop 280 shewnge

Fig. 43. The nozzle region 231 is fully covered with metal 2. This aluminum is sacrificial, and is etched as
part of the MEMS sequence. The inclusion of metal 2 in the nozzle is not essential, but helps reduce the
step in the neck region of the actuator lever arm. Sacrificial metal 2 is also used for another fluid control
feature. A relatively large rectangle of metal 2 is included in the neck region 233 of the nozzle chamber,
30 This is connected to the sacrificial metal 3, so is also removed during the MEMS sacrificial aluminum
etch. This undercuts the lower rim of the nozzle chamber entrance for the actuator (which is formed from
ILD 3). The undercut adds 90 degrees to an angle of the fluid control surface, and thus increases the
ability of this rim to prevent ink surface spread.
21. Deposit 0.7 microns of PECVD TEOS glass to form ILD 3.
35 22. Etch the contact cuts using the via 2 mask shown in Fig. 45 so as to leave portions 236 shown in Fig. 46.
As well as the nozzle chamber, fluid control rims are also formed in [LD 3. These will also not pass DRC.
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 238 as shown in Fig.



via region, and again it will not pass DRC. 19. Deposit 0.6 m crons of
alumnumto formnetal 2. 25 20. Etch the alum numusing the netal 2 mask
shown in Fig. 42 so as to formmetal portions 230 shown in . 45%. The
nozzl e regMsho338sl§s fully covered with metal 2. This al uﬁ?ﬁdﬁ‘?ﬁ"go
sacrificial, and is etched as part of3t he MVEMS sequence. The inclusion of
nmetal 2 in the nozzle is not essential, but helps reduce the step in the
neck region of the actuator lever arm Sacrificial netal s .al so.used for
anot her fluid #oMest ofimetatbagsopwa at 229 is & pegficipldpygs "F*‘aﬁﬁépaPﬁéﬂeéﬁ‘gaf%a“ﬁkP“d%ff%ﬂ‘ 2 s
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al um num etch. thI’Fns under cut's e nozzle nber entrance
for the actuat B ifelupionetimptsy 3ﬁrvherrewcfwr@msseww@)clps PANse YRR R neckdgron efghe
degrees t;0 an @eqlg,loﬁe\g,fa";‘he fluid control surface, and thus increases the

ability of t reyv 21. Deposit 0.7 mcrons
of PECVD TEC% éfpz%‘s "Bcr "SPfP%EbBlrggsé &ormlt—_bt Eﬂ%tﬂ e contact cuts using the
via 2 mask stoleposivd.Shrigrons 4&Si:Noto fsm the pdsvatian Y85y t | ons 236 shown in Fig. 46.
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essential, but he st e e nec ct uat or

lever arfi 25. E@ﬁfé?st‘“g(ﬂ‘ ‘55 ?ﬁgﬁ}sﬁ’ﬁ‘é"e °6’%9’"q“1°9°'¥é"? ?‘”f"hh dhie
overgl ass. 26 trmD@qaosmctcaﬁ)beachiavcdrvommmtfch@a@mnatltm afdtemstcorerlqraesiiepbit OO ayer .
27. Etch the pasgi, Xatl on and overgl ass u5| ng the via 3 mask shown in Fig.
50 so as to formtHhe arrangenent of 99 Tmask g thuczllti%gfa?ccess 242
to the netal 2% Tsi’aif?fllheiwé‘i""af“”l’ e @MOS Qﬁ‘ﬂl‘yf 'é’“ﬁr"?fsfa W3 TheEs Py & R EaT

actuator. Lithaoggiamhy icded his step has 0.6 micron critical dinensions (for
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openi ng e on rocess s to b
the normal CMOSresnuddsTafterepppaturffiZg0 'S B Frulp "é‘i“f’ﬁ%‘t‘c"‘tfé‘hf'ﬁ‘é' °i‘pé'§’t°"ﬁrocxess step
of the CM3S pr QQ.em,aYo@ﬂ'gsﬁm&iﬁluvfdfﬁﬁd(}l’it{ﬂpSGIdellheﬂN’EW peRcess are the prtidi fig upon
the fab setup and transport requirements. 28. Wafer Probe. Mich, but not
all, of the furé¥f6RalTty of the chips can be deternined at this e.

more 15 conpl efieh thedy Wsmglhabcatﬁwaék%?“éi‘g'él:'ﬁ 83 Thigymask dedines 4 heatet §'TE FG r#ry%? oad
can be ingl Udec’an@ﬁhd&hfl‘ﬁbré 194 snﬁﬂlg‘ab 28 shan@ in Hig. SiRiveénolie. healen rgl the TiN Lhyer of thi paddied

Wi th mnor chi e . A o
circuit ry. 29| pnr?&ﬁﬁ% rmnl%ﬁ 18 t(\SA% ven c@%t Igcglvn@nnﬁ:gé%ﬁ}%% tl'Ieﬂélt :"'?lg th?{)k taﬁfp

facility. Theseslasmyysiyeroplemst M@C%Hn@’- smalhgap &7 shpy) in Higed EIP“édc"éﬁ‘ﬁ $155UiF Bt éV een
the heater and the TiN layer of the paddle and paddle arm. This gap can be an air gap or might be filled

with other electrically insulative material. Moreover, the means providing a dielectric barrier could be an
30 air gap or other electrically insulative material disposed between two components or connecting to
components. Sub-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
35 during the sacrificial aluminum etch. It also 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.
32. Deposit 2 microns of PECVD glass. This is preferably done at around 350 °C to 400 °C to minimize



20 30. Deposit 0.9 mcrons of magnetron sputtered Ti N. Voltage is -65YV,
magnetron current is 7.5 A argon gas pressure is 0.3 Pa, tenperature is
300 C. This results in a coefficient of thermal expansion_of 9.4 x 10.6

/C, and a VQuep18314odul us of 600 GPa [Thin Solid Filns 27BCHAIRO1050905)
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30 and various other fluid control features. CD for the nozzle mask is 2 microns. Overlay accuracy is +/- 0.5

microns.
38. Anisotropically plasma etch the sacrificial layer down to the CMOS passivation layer using the chamber

mask as illustrated in Fig. 62. This mask defines the nozzle chamber and actuator shroud including slots
255 as shown in Fig. 63. CD for the chamber mask is 2 microns. Overlay accuracy is +/- 0.2 microns.

35 39. Deposit 0.5 microns of fairly conformal overcoat material 257 as illustrated in Fig. 65. The electrical
propertics of this material are irrelevant, and it can be a conductor, insulator, or semiconductor. The
material should be: chemically inert, strong, highly selective etch with respect to the sacrificial material,

be suitable for CMP, and be suitable for conformal deposition at temperatures below 500 °C. Suitable
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by way of glue Ig @iﬁ casIQ?c entrant sidewall angle of 91 degrees is taken as nominal. A re-entrant angle is chosen
because the ASE performs better, with a higher etch rate for a given accuracy, with a slightly re-entrant
angle. Also, a re-entrant etch can be compensated by making the holes on the mask undersize. Non-re-
entrant etch angles cannot be so easily compensated, because the mask holes would merge. The wafer is
35 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 ail three layers is used as sacrificial layers in certain places.

46. Etch all of the sacrificial material. The nozzle chambers are cleared by this etch with the result being as



bl ank wafers 262 can be recycled. 15 42. Thin the print head wafer to 300

m crons using backgrinding (or etch) and polish. The wafer thinning is
performed to reduce the subsequent processing duration for deeE silicon
etching frW@e¥usid 5 hours to around 2.3 hours. The accBEHAYHI¥he deep
silicon etch is also inproved, and thdShard-rmask thickness is halved to
2.5 microns. The wafers could be thinned further to i nprove etch duration
and print head efficiency. The limtation to wafer thickness is the print
head fragilityshawtieFiedadfBRSOM uad :pmSearifeiz materi2l it 423 be pEpsd Mihog eimgghe MY mask
(2.5 mcrons oilasPEﬁMDr 1) @ﬁaar ghR, thneartbaednmeeiemoﬁood_mlemiﬁgauanﬂdopatgtaersm usi ng

the inl et mas K 3%0§ usung| anh grous l-&c H@ZO sC m ln aél;n(ljosprgare 536’% [E_ &?ng\?{%l ﬁﬂhg k rous HI: of

t he subsequent €ep Si to a ons with
a hard mask setteatduse) processing %@forlDRNRhfasﬂcmsyéoldfe?tqtm@dmelm Velnk! Nond. er 8,76, whi ch

are etched thr méghrﬁela@uamfaénfmdm tﬁ&axpiameﬂamk@&om&weﬁanéfr&hcas Qh% watbV ! | ay
accuracy is +/ - n}c ons. ons on

n i.n lze
each side to a1h|56\9\9 félr“mﬁ‘"?ﬁ‘“é Tst"'ﬁﬁat"'fécfn@f‘rm 'Hsbef“g"r}g? gé Ié/"li’éadfsé‘g@"fj{/ i a 300
m cron et ch depe previdus tdpogd applsryp i amittelhi s st ep uses a rrask al i gner instead of
a stepper. Al hg{wtloobe%uﬁt(i]eagﬁ &gnﬂ:&npﬂob& R bR e p)@tft hctag}s@n M@rfp%kagmgqll'usp”ent
is readily available to allow sub- front-tQ-b
Back- et ch” conpMeY Bdgrechrignt the H’E’“é‘??‘? Qf‘BWeﬂlé‘f"'eq’agf%?fer{Qm s‘f’@?" °g£%1wg“l'8 an ASE
Advanced!oSi | i cespeciatiycthngite, anfl shouhl Soubeftaucied. Taic proess sigyld Bymtfernmed mankeio esgtis diffieult
previously depsidaa. ARy %k@ﬁlﬁcusm%éﬁmé@ﬁ ﬂﬁ.&&@aﬁ&h&me&&g% clﬁﬁrﬁﬁih@tg

hi ghly accurate holes th rougl of

si dewal | s of OFPRHe{f wagprisiego ?’H‘lké" 'E"d%‘@“l‘“%lm P‘éb“é'h?ftﬂﬁﬁf'"‘g?aﬂlém‘iaﬂafkagéﬂl@q pé°"&9fs 91
degrees i s takerschasalngipbrixakhe poiht liead. Evtpachapt isamerially desigreth 0 pee mithed sissen thhe  ASE
per forms bett eEhl \MdttJhxs?nbnt'e gxt;'t A{resseet'&@ aroﬁgttﬁe 1&8& oﬁheq;aéfcaﬂg T EAHE f&dis glt\Mi ;nn) tids
slightly re-ent rAnt ang re-entrant ch” can be conpensated by
maki ng t e hol E@"”@ﬁw‘fhﬁ‘émﬁﬂ%’kS@Hﬁé‘ﬁ%ﬂsﬁ‘ém“"l\lon re- ent rant etch angl es cannot
be so easil y48cedsmmsaér&dqoml&ecmwsee frinchedvrBil FirQl |@Sprotdddothedi® giehminftuen Waf er i s
35 al so prefer di ch. ted
in Fig. 69 i nc?lgra%on o f‘Eiol\é/ tx'% ﬂo%teﬁ%&gl %ﬁgﬁ)nr{’a# Qﬂg?d{ ?ﬁ%&‘%@m@??& E%th
exposed al umi natter ’W Hﬂﬁ?%ﬁﬁwéhsug'F‘FmF‘Pﬁf"é@ 9 ‘h‘&@?‘% Allf thehopd pads aecsiopg g 0 g™

| ayers in cert adggoﬂllkeaﬁiﬁsl'here #6a 10thitoC 504 Bbnkt pak, inf N@nEAIGFdupsi o€ 63aks th¥@kiLE Fabricatedl e

nozzl e chanbers_ar.e b S

057 o163 per) MR RHTEEERRS ) fndhf R 'W“??O i R b 02258 e
sacrificial mabedipads are psed !eaqun@fepowvem\sz\mnmm toghe@pii R 1518 P@MBS"—“‘@I"é%s
layers or ; he aa\%';m@mé @@astomﬂﬂ‘uoalgmmba.ommeege@ piW¥it hdad RO B agdomebraemu vity
agai nst undope ass . rqus, HF at 1500 sccmin a
N2 at mospher e af glbﬁf‘ r@fs? “%m%@clg‘c%nll“a&e%\n% OQP%D”"[ B et ch reduces
processi ng si%rﬁbdrﬁnbpbimrca{ofa@ptthﬁr%ml hea@olfhlthaseeat:fee‘/qdévHﬁmcw‘)ﬂel\%ﬂm“ o4% No.

S, pp 71296, 5 naa%Q:gélre ofFQﬂetﬁﬁJoFb@thﬁJn@ (PQF@ l-fonv@\ﬁﬁj th?fg St‘e Blglﬂnaﬁ)hitlﬁﬁw@{ B achBRAKAL ed
from each ot her, umis

L f
used as the sadlfi W‘H%i‘ 'éilf“ﬂ’( %@%ﬁeﬁﬁﬁcc 5%%&0“]@?5@%55 f(i"ﬁed 0 Véousrs‘(tac Ve +yHr°%h°conb| ned
with the previlouss agfopypnalgxid’ o brevsntdnkepseaitiog ettietsyriaes. 'fthl@wﬂmlbr-aélbcc&pes themingers e
print heads w thqa. vacuum probe, and nmount the print heads in their
packagi ng. Thi he unp ack i heads are
fragile. TheSq;, }B‘HF'UgU‘,‘ %Lét%ént eir, s?,lécts 1lllfe: sXcket gro&% %owcré ataaTn?%Eq'hpl klfl‘IFS the grhnd
shoul d née be th@m@hed!larﬂ'mt\@wpheomgedspmma@ el Vp@nrﬁmﬂmfd Frﬁa?ﬂu@lstrﬁgﬁs thellingt | s
difficult of ink 268 into the nozzle chamber.

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 beyond the tolerances shown

35 below. Some of these parameters affect the actuator performance and fluidics, while others havclmorc obscure
relationships. For example, the wafer thin stage affects the cost and accuracy of the deep silicon etch, the
thickness of the back-side hard mask, and the dimensions of the associated plastic ink channel molding.

Suggested process parameters can be as follows:



to automate. The package is a custominjection nolded plastic housing

I ncorporating ink channels that supply the appropriate color ink to the
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Control Logic
Turning to Fig. 76, there is illustrated the associated control logic for a single ink jet nozzle. The

5 control logic 280 is wiilized to activate a heater element 281 on demand. The coutrol 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 activation of a transfer enable signal 286. The data is latched in the transfer register 283 and
subsequently, a firing phase control signal 289 is utilized to activate the gate 284 for output of a heating pulse
10 to heat the element 281.
As the preferred implementation utilizes a CMOS layer for implementation of all control circuitry, one
form of suitable CMOS implementation of the control circuitry will now be described. Turning now to Fig.
77, there is illustrated a schematic block diagram of the corresponding CMOS circuitry. Firstly, shift register
282 takes an inverted data input and latches the input under control of shift clocking signals 291,292, The
15  data input 290 is output 294 to the next shift register and is also latched by transfer register 283 under control
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addmondl process step is to ensure thal the corrugdtlons extend in a direction that is transverse to the bending

axis of the actuator as itlustrated in the examples, and preferably constant along its iength. This rcsu]ts in an
.actuator that may only be 2% less efficient than a flat actuator, which in many situations will be an acceptable

25 result. By contrast, corrugations that extend longnudmally would reduce the efficiency by about 20%
compared (o a flat actuator.

In Fig. 80, there is illustrated the addition of the first level metal layer which includes enable lines 296,
297.

In Fig. 81, there is illustrated the second level metal layer which includes data in-line 290, SClock line

30 291, SClock 292, Q 294, TEn 296 and TEn 297, V- 320, Vpp 321, Vg5 322, in addition to associated reflected
components 323 to 328. The portions 330 and 331 are utilized as a sacrificial etch,

Turning now to Fig. 82 there is illustrated the third level metal layer which includes a portion 340
which is utilized as a sacrificial etch layer underneath the heater actuator. The portion 341 is utilized as part
of the actuator structure with the portions 342 and 343 providing electrical interconnections.

35 Turning now to Fig. 83, there is illustrated the planar conductive heating circuit layer including heater
arms 350 and 35! which are interconnected to the lower layers. The heater 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



shift register 282, transfer register 283 and enabl e gate 284 are standard
CMOS conponents well understood by those skilled in the art of CMOS
circuit design. 5 Replicated Units The ink jet print head can consist of
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19 352 is electrically isolated fromthe arns 350 and 351 by a

di scontinuity 355 and provides for structural support for the main paddle
356. The discontinuity nay take any suitable formbut is typically a narrow
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print head 0
Composition

Taking the example of a 4-inch print head suitable for use in camera photoprinting as illustrated in Fig.
5  89,ad-inch print head 380 consists of 8 segments 381, eacﬁ segment being 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 being 15.875 microns in diameter. Thus each half-

inch segment prints 800 dots, with the 8 segments corresponding to positions as illustrated in the following

10 table:
Segment First dot Last dot

0 0 799

1 800 1599
2 1600 2399
3 2400 3199
4 3200 3999
5 4000 4799
6 4800 5599
7 5600 6399
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the groupings are made so that only 96 nozzles are fired simultaneously from the entire print head. Since the

10 96 nozzles should be maximally distant, 12 nozzles are fired from each segment. To fire all 19,200 nozzles,
200 different sets of 96 nozzles must be fired.

Fig. 90 shows schematically, a single pod 395 which consists of 10 nozzles numbered 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 according to the order in which they must be fired.

15 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 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

20  between the nozzles will depend on the properties of the ink jet firing 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 this error would be viewable under a microscope for perfectly straight lines, it
certainly will not be apparent in a photographic image. .

As shown in Fig. 92, three pods representing Cyan 398, Magenta 397, and Yellow 396 units, are

25  grouped into a trip'od 400. A tripod represents the same horizontal set of 10 dots, but on different lines. The
exact distance between different color pods depends on the ink jet operating parameters, and may vary from
one ink jet to another. The distance can be considered to be a constant number of dot-widths, and must
therefore be taken into account when printing: the dots printed by the cyan nozzles will be for different lines
than those printed by the magenta or yellow nozzles. The printing algorithm must allow for a variable distance

30 up to about 8 dot-widths.

As illustrated in Fig. 93, 10 tripods 404 are organized into a single podgroup 405. Since each tripod
contains 30 nozzles, each podgroup contains 300 nozzles: 100 cyan, 100 magenta and 100 yellow nozzles.
The arrangement is shown schematically in Fig. 93, with tripods numbered 0-9. The distance between
adjacent tripods is exaggerated for clarity.

35 As shown in Fig. 94, two podgroups (PodgroupA 410 and PodgroupB 41 1) 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.




Al t hough each segnent produces 800 dots of the final inage, each dot is
represented by a combination of bi-level cyan, nagenta, and yellow ink.
Because the printing is bi-level, the input imge should be dithered or
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podgroups (Podgr oupA 410 and PodgroupB 411) are organized into a single
firegroup 4140dlytih 4 firegroups in each segment 415. Each segnent 415
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25 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 arc a total of 24

color input lines per print head. A single pulse on the 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
30 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 transfer via a pulse on PTransfer must
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place within the 200 mlcroseconds line time. Therefore the average time to calculate the bit value for each of

20 the 19,200 nozzles must not exceed 200 microseconds / 19200 = 10 nanoseconds. Data can be clocked mto
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
The print head contains 19,200 nozzles. To fire them all at once would consume 100 much power and

25  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.
s 4 bits TripodSelect (select 1 of 10 tripods from a firegroup)
The 96 nozzles fired each round equate to 12 per segment (since all segments are wired up to accept
the same print signals). The 12 nozzles from a given segment come equally from each firegroup. Since there
30  ared firegroups, 3 nozzles fire from each firegroup. The 3 nozzles are one per color. The nozzles are
determined by:
* 4 bits NozzleSelect (select | of 10 nozzles from a pod)

The duration of the firing pulse is given by the AEnable and BEnable lines, which fire the PodgroupA



respectively. Since there are 19, 200 nozzles, a total of 800 pul ses are
required for the transfer. Once all 19,200 30 bits have been transferred, a
single pulse on the shared PTransfer |ine causes the parallel transfer of
data from wohm/sssiis t registers to the appropriate Nozzl eE@BABOAREE. The
paral lel transfer via a pulse on PTrafsfer nust WO 03/018314 PCT/ AU02/ 01059
23 take place after the Print Cycle has finished. Oherw se the

Nozzl eEnabl e bits for the Iine being printed will be incorrect. Since all
8 segnments amdePoligpmplcbziéstibim all féerrybsaesROEkClice SAtERS! a pyie deppTdhen g iswaiohar e
must pr OduC%cﬁnQ‘?de @Jma)n'teﬂn &Me ﬁ@fnﬁ@ﬁﬁct&ﬁﬁﬂam& amBunt $fpGvepavhilble lo@@drint Agd.an

exanpl e, theflrs for
the next Pri'fAt 1@@‘8‘8‘% argsepa{?ﬁ’d'"es i'b‘lﬂ%r tﬁaﬁ'ﬁg lngggﬁf’)cah 3(%?5’ ﬁ’ﬂ%%gma(p@é; %600
The second SIREEh Godte qousisie 108iA ghastsrahiop Biphasdaeftectively|givin A00Yetf Phaser Aind Piags B et

Print ngl e's dWhenla noﬁg,:'ﬁres 116&&aap%%tely38%croﬁ&g&,to refB @lis RA6 a 5619&11 sité her 800

SRA ock pul ses, the Piransfer pul se u,'dtto not e

that the od@MEsRINEEl akes 299["‘"5??&?“\?5 Jﬂ'f ?ﬂﬁ‘? %fa “gzlzk’ A céﬁesﬁe"“rbaterm $ tJéru ihe sane
Print Cycl e,witi8 tha edmrdp pie etannelivf thi @ozglelyed. The/mitgleations ean irrferk ittethe ffr‘h@fpw‘ﬁ cal

separ at ion Of zfgthlﬁﬁlngsa Fﬁﬁ &?%Lrﬁl? themnﬂfhakl& \Jﬂhﬁa Wd'stmxld b@&f;et bﬁﬁleﬂﬁlhk as

separation Defween nozz erent colors.en gur es t atl 5 n‘ﬁ}i\c Ll
produce dot emeit. Jing preqedris tp therefare fie thresgozslesfrom aiipod opetjozge;pgrecigy 7 BYRRYE myust
be accoupt enb ehe nddEipod vagialiheghdgrbip. Skt tere e 1 trifolingn pgiven bodereispd? sutfauent tripeda |
difference in ltJ rerhf. ore(?he %??I%?h‘l 5 mu? ﬁre%bn@e&t%&%&zﬁg irfe fﬁﬁug lBtl;.Peald B micRbecdsded i n

the print héad. erenhces can defined by variables D, and D2
where D, is Eﬂqeﬂ“dlksif‘%im@‘eﬁ@tg\fwéﬂﬁ“ﬂ&zl es of different <colors (likely value
4 to 8), and D2 dofsequbly eSitimseder ibet ween nozzl es of the same color (likely

value = 1). Tabl 0 Ihansferred to segnment n of a print
head on the i rs'[tep?féﬂl goz\,\%% P%é%g{ef%vwapenta Cyan Li neDot Li neDot Li neDot

1N8008N+D18OOSN412®3<‘§S®O5NWG@MMD@ 800S+1N+2D, +D2800S+1
3N800S+2N+DL800 S35 Ab: BNOree1ebt 04PidaR 8B 3N+D, +D2800S+3N+2D1+D2800S+3 And
so on for all 800 pul ses. The 800 SRC ock pul ses (each clock pul se
transferring 24 bits) nust take place within the 200 nicroseconds |ine
time. Therefore TripedSeisae?. Hgulcbeleatd RrgsegApl® at e t he bit "val ue for each of 20

the 19, 200 nDZZ'ﬁﬁoﬁué‘&o mizlege&@taeﬁm&@ﬂammr oseconds / 19200 = 10
nanoseconds. Data can print head at a maxi mumrate of

10 MHz, @hich vMT’ipo‘fSBlécdlfqﬁgﬂgeé"f (fhaseéﬁandmgroseconds. Cl ocking the data in
at 4 Mz wil{ | oipodSelect ddbozzleBaiecBhages pwidBconds. Print Cycle The print head
contains 19, 200 nozzles. To fi re t hem aII at once woul d consune too nuch

power and 25 be probl enat i s gg nk refill and nozzle
interference. A Eripﬁ‘bﬁe'é‘"ﬁr'\iofﬂe ﬂi?cgl( at°’°l1ere c}re consists of 200 different
phases. 96 naxi nmudpoysSeidst 8iNardeSeimryPreses Aped Hi red i n each phase, for a total

of 19,2 09; Nozzl egye mét plQ'scE A ard® dapmlp et dukaui6 o2 6 puist witfaisd Garyt dut 0 Odlry bovenand

firegrou The 96 nozzles fired each rou at nce
al | gegngntSmélylécovuyI(\gvfhﬁtang(e%w@éc%gfture) lQ Iagjshos%l'g &nab%ar%ﬂ%elﬁ&gmggtyg §'1|l

Print Cycle.

Feedback From The Print head
The print head produces several lines of feedback (accumulated from the 8 segments). The feedback

30  lines can be used to adjust the timing of the firing pulses. Although each segment produces the same feedback,
the feedback from all segments share the same tri-state bus lines. Consequently only one segment at a time can
provide feedback. A pulse on the SenseEnable line ANDed with data on CY AN enables the sense lines for
that segment. The feedback sense lines are as follows:

« Tsense informs the controller how hot the print head is. This allows the controller to adjust timing

35 of firing pulses, since temperature affects the viscosity of the ink.

« 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 same print signals). The 12 nozzles froma given segnent cone equally
fromeach firegroup. Since there 30 are 4 firegroups, 3 nozzles fire from
each firegroup. The 3 nozzles are one per color. The nozzles are

det er mi nedWi3/03/0181pi t s Nozzl eSel ecr (select 1 of 10 nozzl BSTAPBMI® pod) The
duration of the firing pulse is given2by the AEnable and Unable |ines,

which fire the PodgroupA WO 03/018314 PCT/ AU02/ 01059 24 and Podgr oupB
nozzles fromall firegroups respectively. The duration of a pul se depends
on the vi schstonyollgrfto adjustaheipplpe Widtis prampeniain ce'ﬁta'etémférf&fpa%e%{Wahﬁﬂﬁws'wmy
characteri sti cs) wandidkdAfs R EeMiler Qtfthepﬁ)dﬂﬁd'f tha Vrdicdl iizh)tlo@thE &a&@ﬁhn@rmaﬂiaryh@aﬂt The

AEnabl e and_BEnabl e are s rate rder t pul ses can
overl ap. Tho& MepRBoEEPhi A ‘g'g '"Bf’a"“%?" fls a;“ (?hc?lccé"“glgﬁtgl dé‘fsnﬁ puk%\%aﬂ phases and
100 B phasesppropidafeyct i vel y gi ving 100 sets of Phase A and Phase B. 5 Wen a

nozzle fires, it takes approximately 100 m croseconds to refill. This is
not a prebl giexivae the entire Print Cycle takes 200 m croseconds. The

firing of a n0Zﬁle‘fm%ggﬁcegufs%mn@&ﬁd%pm B b it @ folefEBe el n the
comon i nk channel ' hat nozzle's R rb h{)ons ca nt ngere
with the fi PIsieFtienof §isstnrd photogppitees i3 Sﬁi“ﬂ“ﬁ‘ﬁ“e d§“£¥r§ "“86?5’?&’3“’&5 P the
firing of newzkpe pivibdinndas. Piods stvoplistiedyd 2 pfehatgtodhy at | east this am)unt

The procedure is etP%héablﬁJdgrnQJl\gsjéngﬁ LBJarC?(@e 1B QP Aes whif Qmeasettlﬁé aﬂ%zlésme)n()zz' e
per color) and lh t he néx Si nce

there arl® 16“dtﬂr"P'HGhI‘§5‘i°ﬁ ﬁé{“gg’i“@"éf? %&E}‘F%JB"“@’“E&ES‘&W&H‘P“ P"r'i’sﬁfggg“gﬁ{?s fire
before the eropsgbmalbu@[dm@dp sk sufrdunding tiediearesx Altogdireeaboyn 200hless for Saktenogelefarer | ng
interval s of 2 time of 18 m croseconds.
Consequently,”'{e G mgﬁrﬁ%ﬁﬁﬁt&sgﬁc‘é&:ﬁcn sm%(czilﬁglfrﬁ:dtzﬁg, Nozz| eSel ect 0 (Phases
A and B) 15 Tr FWM%@@‘“WF@E@Y‘@EPY Frenspandoputings Wikpn gUIOAVR i hogSel ect
2. Nozzl eSe |c&@§razﬁ}e (s PJB@IS@(Sboﬁt 381 0labB)e amBient)PInel Gedtiecf 18 PreMovaideSe beaotund$0( Phases
A and B) 'L{) E m qu\zazlo Sel e tthejmk%@;\ﬂ &5 A and B) 20 TripodSel ect
1. I\Iozzllésel”é ccopds, 381 8 REMKY A15 3 rlpo ect 2, NozzleSelect | (Phases
A and B) Tri podSeI ect 8, NozzleSelect 9 (Phases A and B) Tri podSel ect 9,
Nozzl eSel ectP"gHGdeHﬁsf@SeSAm&?f&! B) 25 Note that phases A and B can overl ap.
The duration of The pripuhesidasiielipllogingepniegioys: due to battery power and ink
viscosity (which changes with tenperature). Fig. 95 shows the AEnable and
BEnabl e lines during a typical Print Cycle. Feedback From The Print head
The print head produces several |ines of feedback (accunul ated fromthe 8
segnents). The feedback 30 lines can be used to adjust the timng of the
firing pul ses. Al though each segnent produces the sane feedback, the
feedback fromall segnments share the same tri-state bus |lines. Consequently
only one segnent at a tinme can provide Feedback. A pulse on the

SenseEnabl e |ine ANDed with data on CYAN enabl es the sense lines for

7
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Although an entire print head has a total of 504 connections, the mask layout contains onty 63. This is

sections has 63 ‘pads at a pitch of 200 microns. There is an extra 50' microns at each end of the group of 63

pads, resulting in an exact repeat distance of 12,700 microns (12.7' micron, 1/2")

because the chip is composed of eight identical and separate sections, each 12.7 micron long. Each of these

Pads
No. Name Function

| V- Negative actuator supply
2 Vs Negative drive logic supply
3 V+ Positive actuator supply
4 Vg Positive drive logic supply
5 V- Negative actuator supply
6 SClk 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




MDat al n[ 0-7] and YDatal n[0-7] into the 24 shift registers.

P' Transferl1Paral l el transfer of data fromthe shift registers to the

i nternal Nozzl eEnabl e bits (one per nozzI e). SenseEnabl elA _lpul se on
SenseEnabl ®QNNPa8BIhi t h data on CDat al n£ enabl es the senBEl/APKUIP,,
segnent n. TsenselTenperature sense V&énselVoltage sense RsenselResistivity
sense Wsensel Wdth sense Logi ¢ G\NDLogi ¢ ground Logi c PWRlLogi ¢ power V-Bus
bars V+ TOTAL43 Internal to the print head, each segnent has the_foll ow ng

connecti ons|t o Nohe Qond psde: Pa Rﬁmnmectlons Al though an entire print head
5 because t hochp il corRed of| QMR PHET. T cat ana caparaie sedtfons.
each. 12.7 hiceBn Idng Ea¥h of tiessive scluppisiiRly hag 53 nads at a gt ch of
200 nicrons| Thbre ils an ¥APra 50! Nosple-pddress (Qiiingoddh end nf the group of 63
pads, resul{ingldn_an_exacd{+ r epeaf Posilivstagiwaton supifly 7 m cron,
1/ 2") Pads No. NereFunct i ava[l}V- NegpliazieAdicsuditopoduppl y 2V, sNegativle drive
| ogi ¢ supply 3ViPosift1 ve aegt uat or| segppt sendddeipesi ti ve drive | ogic supply
5V- Negat i ve[act yal of| SUPPUAL2 P SCLKSR4:ki@hddebad () (hpadpST er cl ock 7V+Posjf tive
igtElFJ)Et or suppty STENParar @l 1T anbpdtiveabladhd: Supsly- Negat 1 ve act uat or_pupply
nEven phasgerabte— HPUST | VWO 037018313
PCT] ALDDT 0108027 o e or s op s A inpHOP LY 0
21 V- Nega‘hvc actutor suﬂf)i
22 PA[0] Pod Address [0] (1 of 10)
23 V+ Positive actuator supply
24 PA[l]} 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 \'2 Negative actuator supply
30 PGA[Q] Podgroup Address [0]
31 V+ Positive actuator supply
32 FGA[0] Firegroup Address (0]
33 V- Negative actuator supply
34 FGA[L] Firegroup Address 1)
35 V+ Pasitive actuator supply
36 SEn Sense Enable
37 V- Negative actuator supply
38 Tsensc Temperature sense
.39 . V+ Positive actuator supply
40 . Rsense Actuator resistivity sense
41 V- Negative actuator supply
42 Wsense Actuator width sense
43 V+ Positive actuator supply
44 Vsense Power supply voltage sense
45 V- Negative actuator supply
46 N/C Spare
47 V+ Positive actuator supply
48 D[C] Cyan serial data in
49 V- Negative actuator supply
50 DM} Magenta serial data in
51 V+ Positive actuator supply
52 D{Y] Yellow serial data in
53 V- Negative actuator supply
54 QIC) Cyan data out (for testing)
55 V+ Positive actuator supply
56 QM) Magenta data out (for testing)




13V. Negati ve actuat or
15V+Posi ti ve actuator
17V. Negati ve act uator
19V+Posi t i WO e18He or
21V- Negati ve actuat or

supply
supply
suppl y
suppl y
suppl y

14NA[ O] Nozzl e Address
16NA[ 1] Nozzl e Address
18NA[ 2] Nozzl e Address
20NA( 3] Nozzl e Address

%ll (in pod)
[2] (in
[ 3]

(i BC'E(éH;ZIOIGm
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actuator supply 24PAl 1] Pod Address [1] (1 of 10) 25V. Negative actuator

Iy
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ss [ 1]

or supply
eAct uat or
dt h sense

supply 26PA[ 2] Pod Address [2] (1 of 10) 27V+Positive actuator _sup
28PA[ 3] Pod pddmess [|3] ( INafe 10) Z&MmNegatlve act uat or supply
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35V+Posi ti ve_actdiat QlaniY\} 36SH @ﬂ%@lapﬂl’«_{ 31 tﬁr‘h'Mgal_iJe_acLuat_
38TsenscTenper afdur e |sense V439V+PolEosifixpactuspryu
resistivity|senée 41V- Negald ve ack Negttive drivellogit suppiP\WsenseAct uat or W
43V+Posi tive acéwat dr supply 44Vspngebosenorsuypll v vol t age sense
45V- Negat i v¢ acguat gr supply 46N [GhpiaverivkOdtRapiyt i ve actuator supply
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SeTT g ddra 1 n w9V, Neg

PpdsM adlbatorl@bgly  SUPPl Yy




50D0[ M } Magent a seri al

seri al

for testing)

_ data in 51V+Positive actuator supply 52D(Y] Yel | ow
al data in 53V.Negative actuator supply 54Q(C] Cyan data out (for
testing) 55V+Positive actuator supply 56 M Magent a data out

WO 03/ 0183 W0 F9t83H02/ 01059 28 No. NanmeFuncti on 57V- Negat PGEAREY4 %

supply 58Q Y] Yel | ow data out (for tesf?ng) 59V+Positive actuator supply
60VssNegati ve drive |logic supply 61V-Negative actuator suppl

, , S Uf y 62VddPositive
drive logic supply 63V+Positive actuator supply WO 03/018314 PCT/ AU02/ 01059

29 Fabri cat FHCapcpnePReratePIdRlIanth| er ances Paranet er Cause of
Conpensat i opirdrametlom Max. Uni t § v&ndsédfi on Coudensaiod Min. | Nom. | Max. | Units
Tenper at ur egnvi ronnent al Real -t i meiatic®2550C Nozz|
Radi usLi t hopAaREHk CRipbgirt NESS |aAVitbhinéniaBd R&bundTI Cr o) Nozz| e2s 50 °C
Lengt hPr oceFRLDFRIGRMT NESS a0 UiloPrait: U brighthks b NOZ23 €] 159 OB af tmicron
Ang! ebProcesg Uﬁ;ﬁg&é‘u BHghtnesd il fst 0.5 1.0 1.5 micron
Radi USLIthOJ apt et ot resstadi oSt 8O- 002 cToT Hd.]u —Che B
: F No lﬁtrllp“ ptg";{: Anglé . “uﬂ‘r cessing Tﬁq ShIness ididst 100" '™ Y'e20PFT o
GaplLi t hogra cBH-gH-HesS—adHusHo—st—04—2 e+ ofr—CHanpet : -
Radi usLi t hopPdBAREBE | ght ness |alIMoEPRRy Bghingss iciust " {8} L1100 | 102 | micron
Ar eali t hogr ! Brigheness adivst qn P8 n| 40 [ 12 | micron
Lengt hPr ocepShamy@Redidst ness adj bisho ) Bogress pdiyst |Inl!ef bt HI9 AnHt?e| micron
(re-entrant | Rleosessi ngBr i ght ne$shoamphics | BOzhEOst &iusbde §¥08es 4RMAt 4500 | micron®
Thi _ckn_es_s Pr pmesedngigReal - t 1 me(. 9BrdceQihg 0% Brightren adii@at [er29s 300 305 | micron
Resi sti vi t y Veiee&ithahdh@ahad) ME[l 1adoesihp 09 Brightiessiediser| YouNQ' 91 | 915 | degrees
Modul usMat ef ha STHRSK-AeS T O 40D CHBGRHE I REkaheT DerSIoy VAL @bl 3T 508 Kmicron
desi gn54005¢ps it Materials | Real-time 115 | 135 | 160 | pQem
Heater Young's Modulus Materials Mask design 400 600 650 GPa
Heater Density Materials Mask design 5400 5450 | 5500 kg/m®
Heater CTE Materials Mask design 9.2 9.4 9.6 10°%/°C
Heater Width Lithographic | Real-time 1.15 1.25 1.35 micron
Heater Length Lithographic | Real-time 219 28.0 28.1 micron
Actuator Glass Thickness 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 09 1.0 1.4 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 LS 13 micron
Chamber Wall Angle Processing Brightness adjust 85 90 935 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 2.5 15 cP
Ink Dye Concentration Materials Programmed 5 10 15 %
Ink Temperature (relative) Operation None -10 +10 °C
Ink Pressure Operation Programmed -10 +10 kPa
Ink Drying Materials Programmed +0 +2 +5 cP
Actuator Voltage Operation Real-time 2.75 2.8 2.85 Vv
Drive Pulse Width Xtal Osc. None required 1.299 1.300 | 1.30l { microsec
Drive Transistor Resistance Processing Real-time 36 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 v

5

Variation with Ambient Temperature
The main consequence of a change in ambient temperature is that the ink viscosity and surface tension

changes. As the bend actuator responds only to differential temperature between the actuator layer and the




Heater CTEMateri al sMask desi gn9. 29. 49. 610' 6/ C Heat er

W dt hLi t hogr aphi cReal -ti nel. 151. 251. 35m cron Heater

Lengt hLi t hogr aphi cReal -ti me27. 928. 028. 1m cron Actuator 4 ass

Thi cknessPwer®®48agBr i ght ness adj ust 1. 92. 02. 1ni cron G assP&HEHY/M05

Modul usMat eri al sMask desi gn607590GPa &} ass CTEMat eri al sMask

desi gn0. 00. 51. 010' 6/ C Actuator Wall Angl eProcessi ngMask desi gn859095degr ees
Actuator to Substrate GapProcessi ngNone regquiredQ. 91. Oilf%lm cron Bend
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The temperature of the [J46 print head is regulated to optimize lhe- consistency of 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 Tsense signal is selected by asserting the Sense

15 Enable (Sen) and selecting the appropriate segment using the D{Cy.1] 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 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 this reason it is

20 closely controlled by 0.5 micron lithography. The nozzle is formed by a 2 micron etch of the sacrificial
material, followed by deposition of the nozzle wall material and a CMP step. The CMP planarizes the nozzle '
structures, removing lhe.top of the overcoat, and exposed the sacrificial material inside. The sacrificial

material is subsequently removed, leaving a self-aligned nozzle and nozzle rim. The accuracy internal radius
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Ink Supply System

A print head constructed in accordance with the aforementioned techniques can be utilized in a print

15 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 print on demand camera system will now be described.
Starting initially with Fig. 96 and Fig. 97, there is illustrated portions of an ink supply arrangement in the form
of an ink supply unit 430. The supply unit can be configured to include three ink storage chambers 521 to
supply three color inks to the back surface of a print head, which in the preferred form is a print head chip

20  431. The ink is supplied to the print head by means of an ink distribution molding or manifold 433 which
includes a series of slots 434 for the flow of ink via closely toleranced ink outlets 432 to the back of the print

head 431. The outlets 432 are very small having a width of about 100 microns and accordingly need to be
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accor di n%l y tQ S\ggafflie%nip&7 s0 as 1o seal the baffle unit 437 into three separate ink chambers 521. The baffle unit
437 further includes a series of pierceable end wall portions 450 - 452 which can be pierced by a
corresponding mating ink supply conduit for the flow of ink into each of the three chambers. The housing 445
also includes a series of holes 455 which are hydrophobically sealed by means of tape or the like so as o allow
air within the three chambers of the baffle unit to escape whilst ink remains within the baffle chambers due to
© 25 the hydrophobic nature of the holes 435. | '

By r;mnufacturiﬁg ‘thc ink distribution unit in scparaté interacting components as just described, it is
possible to use relatively conventional molding techniques, despite the high degree of accuracy required at the
interface with the print head. That is because the dimensional accuracy requirements are broken down in
stages by using successively smaller components with only the smallest final member being the ink

30 distribution manifold or second member needing to be produced to the narrower tolerances needed for
accurate interaction with the ink supply passages 380 formed in the chip.

The housing 445 includes a series of positioning protuberances 460 - 462. A first series of
protuberances is designed to accurately position interconnect means in the form of a tape automated bonded
film 470, in addition to first 465 and second 466 power and ground busbars which are interconnected to the

35  TAB film 470 at a large number of locations along the surface of the TAB film so as to provide for low
resistance power and ground distribution along the surface of the TAB film 470 which is'in turn connected 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



WO 03/018314 PCT/ AU02/ 01059 32 nade to a nuch hi gher degree of accuracy
than the adjacent interacting conponents of the ink supply unit such as

t he housi ng 495 descri bed hereafter. The print head 431 is of an el ongate
structure W0l3gusslbe attached to the print head aperture BEBAPRMNR  ink
distribution manifold by means of silP¥one gel or a like resilient adhesive
520. 5 Preferably, the print head is attached along its back surface 438
and sides 439 by applying adhesive to the internal sides of the print head
aperture 433idedhavingion §s avignvidere deidenaldirdsheferm o @ BIY fdpnginigally gepdies control

I nt er connectjindligertAGRE SSbfwhtch feleddaRty dotite& wakideopéspdntindy@adlity o extkrdaltentiol 1Biks. @fiso

bl ocki ng t h?%oz%‘ &E{%%e uter suﬁgr%&@%oa ﬁ;malgeef rm. o?’égos te r?n?el étal st&%gSZbaCk of the

print head Is al so
provi ded that iThe ld'esﬁlcgn@tﬂb TP ﬁhln147Oelmmnh'dlhtyI‘?‘é‘fadﬁ"%'feffY°t9‘a'ldi"éFP"PP6‘F"Gi"i”‘r§15543‘3‘ so as

to filters t NRerkald c%%éh@ﬁw@ﬂﬁﬁ%ﬂ e BEb AT Elih1@nifbBitnes 550 tol Bk pldsSh tht @At fieth
nol ding 433 and filter 436 a tur nsert nit 437

whi ch is agafiteaci*ac [ﬁeecﬂn"ﬁ‘ifm?r’é'é{ﬁge °8’T"°ﬂm9§|°fclméo eearéseotgl asrgtﬁ &hgg’{éﬂé gro &y e
i nterface 438\B fémcPnebithd mannidvanggea bf weing the TAESHm ésprovidinga ﬂef*ibb\mcanf vficoneshinathfe

hol es 440 ar}gldlbﬁgb;ryarﬂpwmgq:rgﬁgpn&;;EgdJml@p 434. The baffle unit 437 can be a
pl astic injection nolde unit which |£cl ud esﬂg %J\X’nbﬁ‘ (} ﬁ%&:e aalsﬁ

baffl es or sl at gh%bdt‘ib“ﬂﬁ?? 465t INJUP FINRSteP e R R AF BN RAPRICE S Bhine
SO as tolo edubers #6 0wk By mdahsehncondr utitids. i Thicoven utitids sitosrragmprisheitiestios moled ;g may

be induced hy, NQYETRR 488or heidkdAfon Qﬁmmmuammsﬁrmg |tha£1aprmtea ﬁg& pr eferred
formwoul d be nost disruptive along the |tuog|na r|nt

head, whilst si FiPParSIeERS dere Silfrges E)?‘"”f“l“ e fh"'lpwléﬁeta%)"“t““o as?*'ﬁtfd ‘?‘lead in
response to W\ B90yveindelnamt thk suppie nrdtf4p oami drivipweadistribetion am@%iflfl@orttqmene@twach of

providing fof. ROr&ARSELER i age of the ink so as to mnimze d| sruption to
flow fluct uatl ons duril ng handling. The baffle unit 437 is ?r] ygr n encase
in a hou$ing 445he gileting B@ﬁé}‘%ﬁ%“’é%ﬂﬁ“"ﬁ‘é?yﬁﬁ'f‘r"&g’bﬂ?"éénel‘“;‘}m\ﬂﬂ? a8 5025 he

baffl e unit g9 aer riig@dad ocdubtel. Tad dpbr@ioniefittte sy¥@m of Fig. 08 & baredmibeptintat e i nk
chanbers 521 lSCl-I(;SC mﬁgfp!%%éu\?\;ncgtlohéé'?m{l%ﬁmbngr Inl( Q%Lruéjﬁ%e @or§ﬁ)ﬁloﬁ§009f a [ﬂht‘%lpeabl e

end wal | por?| ons i erced corresgon i'ng mating
i nk supply clmguiod arpud whiphsis fofleghgripyfmedi H@%T’f‘f’@"'é&‘ﬁ"l‘f’ ‘b@d ¥HE theFen %J°E‘11Fétﬁf)@?‘§r The
housi ng 445 493b&®ech m@ﬁlud@so ﬁ|d§ﬁﬂt h&&uxﬂﬁ9d’t@lb&\8m455ngwmr£ohnea€cend’iy<dm[sphﬂdm cally

zﬁglnggr lS)X% f %ﬁrg\elggolﬁ ]"1 trl\)c pnm hf,ad umt J3b k’ﬁlc grl V\ﬁﬁ rthQ PJa{n(QVXs de@gl,r{bed% &mf(genlicm%nédhr ee

to es remains wthin the baffle
chamber s dueP@lspeciFiBation. Hana@a rt@phnblrsteatqdate asenblst fopmef sipgs eipten gy 3 10By
manuf acturing the ink distribution unit in separate interacting conponents
as just descrdu@dand Alivaisges possi bl e to use rel atively conventional nolding
t echni ques, deSpthE@m& ﬁal HahdOHas rﬁlﬁgfcﬂﬂe@fmd aaﬁetugea@/yr olﬂﬁqmmu{r@&c?&blogndﬁen somnt@esf ace

with the print t V < sBGG ; rements
are broken dmac‘v?{\tagegtsté hgm Bcw ca upsag'ﬁtles Shh o(t\'lgre cgssel V cl ert'a%a ?&9 HhAEX, gﬁgﬂc%‘usf Wi th

onl y t he 28 nabhlets ifhererain pngnbephnbimmgA Qlﬂlq'éS"P“r?IESOB‘eOfdi‘%‘HdYaBﬁﬁ&ef fSPP“'lsranl fold or
second nenber needing to be produced to the narrower tol erances needed for
accurate int gfpResbidnWi th the ink supply passages 380 forned in the chip.

The housi ng 445 TH LB R ofd Iﬁ@ﬁr’m@&a@iﬁlm@dytiﬂeﬁlﬂéhmﬂbl)m&thum&aﬂﬁba&m%Gansveﬂ@Z A
first series of protuberances_is t o accur at

| S
i nt er connect ‘°r’r’§"a“lﬁ‘§ difsgli s e °rwﬁ1f“81"h°éf’gf“5% q"‘g'l}tw'm e gﬁ E?fpp? le%t('g&%lg i
addi tion to KbnjisHighg esanidnssepondie G680 drome H3Qrdd versionsmere g béﬁS‘SS“‘erP’éPFCé‘r e

i nt er conngct @&héaf?ong rﬂﬁ l%&) JEA@CIIO&L Eglx(fﬂ,ZlQor%st ﬁ’ppluﬁfncﬂ? TRAARD Rkolu@bn df &varcddons  al ong

t he surface of I'm so as
commercnal ptezoelecmc devices is around 126) gpn and c!\ermal ink Jet(acwccs around 600 dpi.

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

width nature of 1J46 print heads allows drop placement to sub-micron precision. High accuracy is also
35 achieved by eliminating misdirected drops, electrostatic deflection, air turbulence, and eddies, and maintaining
highly consistent drop volume and velocity. Image quality is also ensured by the provision of sufficient

resolution to avoid requiring multiple ink densities. Five color or 6 color ‘photo’ ink jet systems can introduce
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Fast Drying

A combination of very high resolution, very small drops, and high dye density allows full color printing
with much less water ejected. A 1600 dpi 1346 print head ejects around 33% of the water of a 600 dpi thermal

ink jet printer. This allows fast drying and virtually eliminates paper cockle.

30 Wide Temperature Range
1J46 print heads are designed to cancel the effect of ambient temperature. Only the change in ink

characteristics with temperature affects operation and this can be electronically compensated. Operating

temperature range is expected to be 0 °C to 50 °C for water based inks.



H gh inmage quality requires high resolution and accurate placenent of

drops. The monolithic page wdth nature of 1J46 print heads allows drop

pl acenent to sub-mcron precision. H gh accuracy is also 35 achi eved by

el i m nati nYO3@ds3iect ed drops, electrostatic deflection, BEFAPHBEPence,

and eddi es, and maintaining highly cdhsistent drop vol ume and velocity.

| mage quality is also ensured by the provision of sufficient resolutlon to
avoid requiring multiple ink densities. Five color or 6 color "photo' ink
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ej ects around 33% of the vvater of a 600 dpi thermal " ink jet printer. This
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Tenper at ure Range
Excellent Color Gamut

The use of transparent dyes of high color purity allows a color gamut considerably wider than that of

25 offset printing and silver halide photography. Offset printing in particular has a restricted gamut due to light
scattering from the pigments used. With three-color systems (CMY) or four-color systems (CMYK) the gamut
is necessarily limited to the tetrahedral volume between the color vertices. Therefore it is important that the
cyan, magenta and yellow dies are as spectrally pure as possible. A slightly wider ‘hexcone’ gamut that
includes pure reds, greens, and blues can be achieved using a 6 color (CMYRGB) model. Such a stx-color

30 print head can be made economically as it requires a chip width of only 1 mm.

Elimination of Color Bleed
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 1J46 print
35 heads are highly suited. The use of microemulsion ink can also help prevent nozzle clogging and ensure long-

term ink stability.



1 J46 print heads are designed to cancel the effect of anbient tenperature.
Only the change in ink characteristics with terrperature affects operation
and this can be electronically conpensated. QOperating erature range is
expect ed tWOJB/0MB3E to 50 C for water based inks. WO 03/01 /A U02/01059
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Modular, Extendable for Wide Print Widths

25 Long page width print heads can be constructed by butting two or more 100 mm 1146 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, page width wide format printing, and textile printing.

Duplex Operation
30 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 paper.

Straight Paper Path
As there are no drums required, a straight paper path can be used to reducc the possnblhty of paper

35  jams. This is especially relevant for office duplex printers, where the complex mechanisms required to turn

over the pages are a major source of paper jams.



wet. While image blurring due to ink bleed is typically insignificant at
1600 dpi, ink bleed can 'nmuddy' the mdtones of an inmage. |Ink bleed can be
el i m nated by using m croemnul si on-based ink, for which 1J46 print 35 heads
are hi ghl yWs43{0d8814 The use of mi croenul sion ink can al so MeVpURMEWNt
nozzl e clogging and ensure long- termfink stability. WD 03/018314

PCT/ AU02/ 01059 36 Hi gh Nozzle Count An 1J46 print head has 19, 200 nozzl es
in a nonolithic CMY three-col or photographic print head. Wile this is
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side of the paper. The cos I exi roviding two.print_heads is
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batteries are recommended if the photo is to be printed in 2 seconds. If the print time is increased to 4 seconds,

25 2 AA batteries can be used.

Battery Voltage Compensation
1746 print heads can operate from an unregulated battery supply, to eliminate efficiency losses of a

voltage regulator. This means that consistent performance must be achieved over a considerable range of
supply voltages. The 1J46 print head senses the supply voltage, and adjusts actuator operation to achieve

30 consistent drop volume.

Smalil Actuator and Nozzle Area
The area required by an 1J46 print head nozzle, actuator, and drive circuit is 1764 um?. This is less

than 1% of the area required by piezoelectric ink jet nozzles, and around 5% of the area required by Bubblejet

nozzles. The actuator area directly affects the print head manufacturing cost.



of mechani cal systens to turn over the sheet of paper. Straight Paper Path
As there are no drunms required, a straight paper path can be used to reduce
the possibility of paper 35 janms. This is especially relevant for office
dupl ex pri Maee#183ihere the conpl ex mechani sms required t oP¢HAHZME, the
pages are a major source of paper janms® WD 03/018314 PCT/ AU02/ 01059 37
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critical dimensions. 1J46 print hcads use a standard 0.5 micron single poly triple metal CMOS manufacturing

process, with an additional 5 MEMS mask steps. This makes the manufacturing process legg complex than a

typical 0.25 micron CMOS logic process with 5 leve] metal.

25 Simple Testing
. 1J46 print heads include test circuitry that allows most testing to be completed at the wafer probe stage.

Testing of all electrical properties, including the resistance of the actuator, can be completed at this stage.
However, actuator motion can only be tested after release from the sacrificial materials, so final testing must

be performed on the packaged chips.

30  Low Cost Packaging
[J46 print heads are packaged in an injection molded polycarbonate package. All connections are made

using Tape Automated Bonding (TAB) technology (though wire bonding can be used as an option). All

connections are along one edge of the chip.

No Alpha particle sensitivity
35  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




Smal | Actuator and Nozzle Area The area required by an 1J46 print head
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the area requi red by piezoelectric ink jet nozzles, and around 5% qof the
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drop. Above around 4.5 m/s, satellite drops form with a variety of velocities relative to the main drop. of

;!—

25  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) are used.

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

30  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 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 m/s drop velocity, and 4 color plain-paper print heads with a 15 m/s drop velocity, on the same

wafer. This is because both can be made using the same process parameters.



usi ng Tape Aut omat ed Bondi ng (TAB) technol ogy (though wire bonding can be
used as an option). Al connections are along one edge of the chip. No

Al pha particle sensitivity 35 Al pha particle em ssion does not need to be
consi der edwarpdtoms1packagi ng, as there are no nenory el enePRYAURNLRt static
regi sters, and a change of state due tb alpha particle tracks is likely to
cause only a single extra WO 03/018314 PCT/ AU02/ 01059 39 dot to be printed
(or not) on the paper. Relaxed Critical D nensions The critical dinension
(CD) of theNpYigirgged Aepshead CMOS drive circuitry is 0.5 microns. Advanced
digital 1C s suMidigseddras oprliovessris povisiprais hip rimagoudtie neazlegvhis!s prgyept Bhis |
which is t\l\@prgﬂ{{‘a(aﬁ) &?tﬁ\%ﬂn%ﬁ shfBtSn reéor@db@ﬂﬁeﬂ@dr&dﬂ&ﬁ ddiifg i Mﬁroﬁl’stdﬂt head
requires. Most of post processing steps have CDs of 1 micron or
greater. Loy tre ng Manufacture Devices cracklng durlng nanufacture
are a critidgm T@EP@H{ "with both thermal jnk | i ezoe @

devi ces. 5Thi s | Mhtnediaqepactugossarespergizqdin BHgblgiet 45 Al dthfrﬁ‘élt'"){)'f‘ S’isgmij& ef"b'iog' o
manuf act ur e acwhlespihds @SERS, andaffodisntxit firing chdnateristi®. Irelig Prrs haadseheafiffhsing drop pient
heads are n VLR Ay, sDifas Rcan
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el i m nates G%‘Qﬂﬂh“-ﬂ’ﬁ@‘emﬁ‘f’“ §I“§]Y1'i“1ailyd"éiﬂ‘f‘a“’rs ij@r c'ﬁ%aéﬁ ity problems of ink jet
printers. Banding due to other causes (m s-directed drops, print head

al i gnment) iNe FluidsGadstalk a signi ficant problemin page width print heads,
These cajpses of Ehlﬁ@idthlﬁgeohh@'\f&dabzﬁle ishamrndatd B6@gis@ch long Hik inRestéhedthroughitsez 7| e
Alignment Al { Oe]::lb\}f e%gl% ?X\"c(t.omc@lcd’%o B%E&ch%@igwﬂ“gw ﬁjldl&gﬁsgn&Q‘hﬁlJb m cron

accuracy by use he litho of the print
head. Nozzl eo@lgwgmmma"mhmtw W‘eff&‘r‘ piior miecsiarsirampnp Rz o3t i(4‘°%'ésge wi dt h

print head is achieved with the aid of nechanical alignnent features on the
print head ohiSasctural Oiosstaldl | ows aut omat ed nechani cal al i gnment (by sinply
pushi ng tWo pri Ahis RQ &k bidBier PGRiecARItrid pintwbddfitdoed narbacuram 1344 rintheader 20
alignment is required in specialized applications, 4" print heads can be

al i gned %otlﬁ_rmn fPrJr\\'@. a%atel lite Drops The very small drop size (I pl) and

nmoder at e "dr op ve oc s) elim nate 1 AL a
maj or source of } tféy Eff?%ﬂd? ?QQCﬁF'B’BTegﬁé"Sta%P sﬁmgrﬁ'ﬁé waj‘ﬁl%v Qr%%rg%‘}@%"ﬁﬁoe 0drops
form but cadonshmups.w therotshreablyees nat negpro inaldprerivipdtind 4.5 m's, satellite

drops formwi th a variety of velocities relative to the main drop. O 25
particul ar cofeghini s satellite drops which have a negative velocity

relative to the s el (r@gé’egof b%lant Qﬁgr@famlﬁpﬁﬁﬁ) is pﬂc@nﬁi@andﬁdb&&l it HutbRjetah® pri nt

head surf Th diff h
i AR M e L T

| am nar airflow, wth no eddies, to achi eve good drop pI acerrent on the
print 30 neNeCavitatidhi s i s achi eved by the design of the print head
packagi ng. For ' gabsiinRaugdpethé vidgapdoliapgetof wybisles sranptiepproblem that limits the life of Bubblejet

and other thermal ink jet print heads. 1346 print heads do not have this problem because no bubbles are

formed.

25  No Electromigration
No metals are used in 1J46 print head actuators or nozzles, which are entirely ceramic. Therefore, there

is no problem with electromigration in the actual ink jet devices. The CMOS metalization layers are designed
to support the required currents without electromigration. This can be readily achieved because the current

considerations arise from heater drive power, not high speed CMOS switching.

30  Reliable Power Connections
While the energy consumption of 1J46 print heads are fifty times less than thermal ink jet print heads,

the high print speed and low voltage results in a fairly high electrical current consumption. Worst case current
for a photographic 1146 print head printing in two seconds from a 3 Volt supply is 4.9 Amps. This is supplied
via copper busbars to 256 bond pads along the edge of the chip. Each bond pad carries a maximum of 40 mA.

35  Onchip contacts and vias to the drive transistors carry a peak current of 1.5 mA for 1.3 microseconds, and a



printing on other 'rough' surfaces, higher drop velocities are desirable.
Drop velocities to 15 m's can be achieved using variations of the design
dimensions. It is possible to manufacture 3 col or photographic print heads
with a 4 o W@pivel ocity, and 4 col or plain-paper pri nt PAEABQAP®n a 15
ms drop velocity, on the same wafer# This is because both can be made
using the sanme process paraneters. WO 03/018314 PCT/ AU02/ 01059 40 No

M sdirected Drops Msdirected drops are elimnated by the provision of a
thin rim ar GUHEUD pEegESs 27 BA whi ch prevents the spread of a drop across the
print head surface in regions where the hydrophobic coating is conprom sed.
No Thermal G@oasséswhk 5 When adj acent actuators are energized in Bubblejet
or other thernatrhd dakzlejaﬂiacﬁéf&fa\e@ﬁuel)tt’&&nehﬁ@l&xssﬁﬁdmﬁhnmﬁﬁtrldammatcafducslmmﬂis to

ot hers, and affe ts th el rin char risti 4 ads, heat
di f f usi ng fr8'?’fﬁ“%’ﬁ€s°dﬁs Eifabc’"bf""gla °r5'8eﬁ{0§dev Esag%}rgilg %é(e:ltg %)SE; m?(ﬁe heat er
| ayer and t tverrdsiemd- cancel |i ng Iayer equally, so has no effect on the

paddl e position. This virtually elimnates thermal crosstalk. No Fluidic
Crosstal k 1ONofEtolsismul t aneously fired nozzle is at the end of a 300 mcron

long ink inlet g{chgdnd Ryt B elefdidai RRAMD, sv\ddres no cldadgisi Nk inlets are
connected to large ink channels with |ow fluidic resistance. This

configurati lyl rtually eI i m nat es any effect of drop ej ection from one
nozzl e on ot #88zzl es. St ruc st al a li ramlcsmw elprr\ obl em
with piezoel ect rﬁ”@ctmmﬂeﬁeéag““"r 'ﬁ’lﬁit °<5'85" s"seﬁ M IAEPT AL heads.

Per manento Prfatgte. hnead The 1346 print heads can be pernmanent I y i nst aI I ed.
This dramatically | owers the production cost of consunables, as the
consumabl e a@esimAt need to include a print head. No Kogation Kogation

(residues of bunpf 2 H8Nontac® Bnd P M hikiib®S) 1S a significant problem
wi t h Bubbl e et alﬂj Ok%w her thgt?ma( ' nk j(—:]-tl print heads. 1J46 print heads

do not have this problem as the ink is not directly heated. No Cavitation

Er osi on cause 'gft he vi ol ent col |l apse of bubbl 1es i S anot he&} ﬁ%gbl em t hat
linmits the |ife T&F AR heddtdesiggraio 8%&‘8%‘&%‘1" ePERMTRE By MEMRERHE: 1 46
print heagds siptdaia vJaai\canmmgSStpro&ah effittioa’aadis @paaiallyisighibdamsn MEMS fusratkdelat?® No

El ectrom gr at ' Onofl}‘%e?‘?n tﬁe 1‘?46%11% hé‘ﬁ%’g p!ad'alhe‘ldsﬁ et bV & lt-b%%dth@sgﬁsuﬁé Bninafig the

nozzl es, CH e TSR T refore, there is no problemwith
el ectrom gr anaﬂﬁnwtswsttanema@t‘w&h WPW‘TC&‘SC&%VFQE@E'“' The CMOS netalization

| ayers are designed to support the required currents w thout

el ectrom gr ané ofck Pidphgaticaan be readi |y achi eved because the current

consi derations a’f He%ﬁss@sragpmemﬁﬁx'& Qlﬁterdrslar\é&sspmwe% of tRudvhidhi 1@ ks 16 ek profdldDBn with the

swi t chi n OI’ASS ornets are rounde ize Oﬂ\eOf
| J46 pl’l I’I? hg&aisuchgme%hF?si/ ,[tt}crgr:nﬁug ?éass h{h é"h 'Ihgl’ETE. r?tgﬁirr]gé{t Qg{g;ssﬁ(?}g%tgea S

glass is also always under compressive stress, Wthh is much more rcsxstant 1o crack propagation than tensi

stress.

No Electrical Poling Required
Piezoelectric materials must be poled after they are formed into the print head structure. This poling

25  requires very high electrical field strengths — around 20,000 V/cm. The high voltage requirement typically
limits the size of piezoelectric print heads to around S cm, requiring 100,000 Volts to pole. 1746 print heads

require no poling.

No Rectified Diffusion
Rectified diffusion — the formation of bubbles due to cyclic pressure variations — is a problem that

30  primarily afflicts piezoelectric ink jets. 1J46 print heads are designed to 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, This also eliminates breakage during



the high print speed and | ow voltage results in a fairly high electrical
current consunption. Wrst case current for a photographic 1J46 print head

printing in two seconds froma 3 Volt supply is 4.9 Anps uppl i ed
via copper WOUBHa¥% t o 256 bond pads along the edge of thqu:ﬂ'%‘@Mm%%@h bond

pad carries a maxi numof 40 mA. 35 On’chlp contacts and vias to the drive
transistors carry ‘a peak current of 1.5 mA for 1.3 mcroseconds, and a WD
03/018314 PCT/ AU02/ 01059 41 nmaxi mum average of 12 mA, No Corrosion The
nozzl e and #*"&ator are entirely formed of glass and titaniumnitride
(TiN), a conductive ceramc comonly used as netalization barrier |ayers
i n CMOS deviLisegraphBUtitg StandagtStegbess are highly resistant to 5 corrosion. No

El ectrol ysi s Thautiotg 146 prinblicads fre CWMingiog, sindeht sgppprs @khesh typicdia havpotiessing BHE,  so
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elastic limts erials used are all ceramc there sno 10
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friction. Ngegsbdt 6tehc B 3Bt hckdsGs iRideivitheadhGrepper ect@Sireggiaat ah rvardge’ rmf'hxatnécads
stiction, a problemcomon to many MEMS devices. 15 Stiction is a word
conbi ni ng " SFiFR™ i th "friction" and is especially significant in MEMS due
to the relative scaling of forces. In the 1J46 prlnt head the paddle is
suspended 0\}'&92'&&0%5‘@‘710%’?%@‘“@65%‘“at e, eliminating th ,

padd| e-t 0- subst LI4¢ rrintiteads infegrpre Akt R calgsUPUrFORIR R HiReles 'th‘éFFE%?ﬂdé'?"é”d‘h PR Crack

Proopagat joon W[ieefk iesisieink jedihdoRglest 0 the materials are less than 1% of that
whi ch | eads to crack propagation with the 20 typical surface roughness of

the Ti N and \’%ﬁ?‘?anet aysLs. Corners are rounded to mnimze stress

“hot spot s' I 4CO0pL.es wald which is
much nore resi st”ég[’“"{ *Badé?%%%'e\ﬁ?‘bkﬁwg‘fr?pf)?fe WARP HEH “gn ﬁ'ks ey tbgsgdsé' v
El ectrical RetrberylsiBecpils.vedusRiceob VM6 hotimelt wezesetr Pta?f§°“f?ﬂf§t”4%%"“ﬂlﬁ1'déﬁia"§? ter they

are formed ipfa: i%uhiﬁxs ek p&xdmgofsﬂs{o&i@taw sBrfaceltbrision. [FEik is M Penifidint fa@6 i alleg@ingwer y
hi gh el ectri cﬁ strengths - around 20,000 V/ cm The high voltage

requi r emrent "('WF’@%‘I’fIaBP““f‘?%ts the size of piezoelectric print heads to
around 5 cm requiring 100,000 Volts to pole. 1J46 print heads require no
poling. No Reairif AigovDiithinaEddisn Rect i fi ed di ffusion - the formation of

bubbl es due to cyneprinchepr esgingds dedgnbdaab enonmsthat aiifigw i lqmingt krdia ifviate FgiepFivthr i |y

afflicts piezogl 6ok Ldafs érr\ﬁbdeﬁcﬁould W#Be Rhbafeads netandeskigned to prevent

rectified diffuslon, pressure never falls bel ow zero.

Drop Repetition Rate

20 The nominal drop repetition rate of a photographic 1J46 print head is 5 kHz, resulting in a print speed
of 2 seconds per photo. The nominal drop repetition rate for an A4 print head is 10 kHz for 30+ ppm A4
printing, The maximum drop repetition rate is primarily limited by the nozzle refill rate, which is determined
by surface tension when operated using non-pressurized ink. Drop repetition rates of 50 kHz are possible
usmg positive ink pressure (around 20 kPa). However, 34 ppm is entirely adequate for most low cost

25 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.

Low Head-to-Paper Speed
The nominal head to paper speed of a photographic 146 print head is only 0.076 m/sec. For an A4

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

required,

High Speed CMOS not Required '
35 The clock speed of the print head shift registers is only 14 MHz for an Ad/letter print head operating at



Eli mnation of the Saw Street The saw street between chips on a wafer is
typically 200 mcrons. This would take 26% of the wafer area. |nstead,

pl asma etching is used, requiring just 4% of the wafer area. This al so

el i mi nat esWer@a18g¢ during WO 03/ 018314 PCT/ AU02/ 01059 4BCHALRA305

Li t hography Using Standard Steppers Afthough 1J46 print heads are 100 nm

| ong, standard steppers (which typically have an imaging field around 20
mm square) are used. This is because the print head is. 'stitched .using

ei ght i dent Pepm. Eog peeioprar print, ‘N‘i“’@‘%ﬁﬁ@ﬁts"ﬂég'é\ﬁ‘éﬁz'gﬁ‘t“E‘HcééWf’s‘haH FREHi ti cal
as there ar expifitedf@e CMOS alocessasddeThisisintfichet ME@hdesitn, trdlalimisatrs pavsr dissiprtions egnent
of each of 32 print heads |s,.] d with each stepper exposure, giving an
‘aver age' of’mzlg"bsr“l'q'reﬁp"ﬁ"e" ﬁ%am%'!eeﬁ%g%posure. Integration of Full Color on a
Single Chip 1J46 print heads integrate all of the colors required onto a
si ngl e chi pFultyitedc CMPAHBEehe done with page 10 width 'edge shogter' ink jet
t echnol o§i es. \\Fekeshitysagisters gnd ransferrraisters precully stptiqdesiaas, f statig JeEB VT B "B PHe i nk
properties fQhofeQBmked Glakoam. 13 kdd K Synsrandeign. Bamed, tistativateegn has severeirnd@mgesi ons,
oil's, variouys ot

heads can b énclugi%q(jtﬁ@%! ngi,fed%it(n;‘{k Zower q‘rgn%slcgnt &@X ec%ﬂsurg tior9 Lrpg:eatégl'oygsrﬂﬁ%oleralnc]eées pr i nt

over a e range of viscosity and surface
tension. This is a significant factor in allowing a 15 w de range of
appl i cat i onVidqRewprzansisgrr F|l ow wit h no Eddi es The print head packaging is
desi gned to ensOhewitthmtlength rafid afthe pawvet teandistonis 688 Fs ﬂt"ﬁwsél“iqﬁ“ﬁétf%s‘”é‘&l’dl“@ge.by Thi s
s | rrch’{ot S‘Qﬁe’driaé:aﬁsgglb?ﬁsu\q% 617%{@1;!& &08 pswlzwdcn_drwﬁagd&pi 3NB.’gﬁsq£ﬁuednsidto] ﬁn_slgga to

e sna rop size. op Repetition Rate . . n
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of 2 secondshepesbeipdidbtadistiHugonniomwitehsuniesap chireqmea thatis ropalieasy eayied byAly sQWehr i nt

head is 10 kHz QL. %Qtvepapmyg% redHe thE bdrddtage SE1BwEB kUMb hicQfansis@P Brkredst 061 T at e
is primarily limte %y the nozzle refi]l rzihe M| fést}n'a%%rﬁ}cr%ﬁrﬂe'ﬁaﬁo?y
surface tensirisnvolitse? thbs BHuEe CHEPHY e riuss L Log PO S e OGS Tepet i tion
rates of 150 dfbifieraigecupas Givb lechnologyi on grerpresthd dhipared. pllowise 199w ffir drive AFNEIEIPTE DY 21ePa) .

Howeyer - 34 RPDdr aft AL Lc(u?tLrYHmeéﬂ,%%g%fc&{sunwﬁoflh@WesGrQSésngﬁ cahEldbPed Aedst-
applications. For very high-speed applications, such as commerci al

printing, muetprprse HMEE heads can be used in conjunction with fast paper
handl i ng. For | ow power operation (such as operation from2 AA Dbatteries)
t he drop repringddf aiplicuéene can be reduced to reduce power. Low Head-to- Paper
Speed The noni nathe beaslyliRclRanaic speegteafolday is hitdgr aidhiatee PUIBINp LTS head i s
only 0, 056 n@g.ecc.x Fpera an Ad. 30 print head it is only 0.16 m sec, which is
about a thi r d¥BF*YRE *BR/BICal"scanni ng ink jet head speed, The low speed
sinplifies ptifeerandegiogomgqtics iipeBves drop pl acement accuracy. However,
this head-toypapebpareed is enough for 34 ppmprinting, due to the page
wi dth print Qlea}_gimlﬁllsgrn“ee;s'speeds can readily be obtained where
4, Network"conncctcd color'and monochrome printers
25 5. Departmental printers

6. Photographic printers
7. Printers incorporated into cameras
8. Printers in 3G mobile phones
9. Portable and notebook printers
30 10. Wide format printers

11. Color and monochrome copiers

12. Color and monochrome facsimile machines

13. Multi-function printers combining print, fax, scan, and copy functions

14. Digital commercial printers
35 15. Short run digital printers

16. Packaging printers

17. Textile printers



requi red. H gh Speed CMOS not Required 35 The cl ock speed of the print head
shift registers is only 14 Mz for an Ad/letter print head operating at WD
03/ 018314 PCT/ AUQ2/ 01059 43 30 ppm For a photograph printer, the clock
speed is OMOW03®IB44 MHz. This is much |ower than the speedPCHABRINPy of
the CMOS process used. This sinplifie4the CMOS design, and elim nates
power dissipation problens when printing near-white inmages. Fully Static
CMOS Design 5 The shift registers and transfer registers are fully static
designs. A d8athpgrgdgiabmineequi res 35 transistors per nozzle, conpared to
around 13 f qy. @eselypranigpleslani @nersHowever, the static design has several
advant ages, 2oilpoclcgS ch inhir%?sr noi se i mmunity, |ower quiescent power
consunption, nd grea erprocessi ng tol erances. Wde Power Transistor The
wi dt h to | eddtHighmeed pagofidthpentgfower transistor is 688. This allows a 4 Ohm
on-r esi stange, NyMYSIkebiXputeA Witk iAKilCHagewddtl griadsi st or consunes 6. 7% of the

act uat or po:ggr \/\/{Lgn @feratig‘%frp@rgv. This size transistor fits beneath
the actuat o> ZABHRFORE PAMPRETEPYI" egi st er and ot her |ogic. Thus an
adequat e dri2¢.eLdbelarmérst or, along with the associated data distribution
circuits, coRsHpRSr@sChip area that is not already required by the
actuator. There_arfe several ways to reduce the percentage of power consuned
by the trangPsPOFrRREFIIEEthe drive vol tage so that the required current
i s | ess, 10r edickargeli@mbtiCAR@graphy to | ess than 0.5 mcron, use BiCMOS 15 or

ot her high cig.rpt%[bhnig,qnig?,emgrsechnol ogy, or increase the chip area, allow ng
room for drive transistors which are not underneath the actuator. However,
the 6.7% corSuMiIBHeSf the present design is considered a cost-

per f or mance JpPhomTMpriftange of applications The presently disclosed ink jet
printing teq]nwagﬁ erb%teﬁui ted to a wide range of printing systens. 20Maj or
exanpl e applicatiohs Include: | .Color and nonochrone office printers

2. SOHO pHi nt ¥r Samnateiypels pC print ers 4. Network connected col or and

nonochr ome p¥3l Mdedr signdbibte®epar t ment al printers 6. Photographic printers
7.Printers iﬂC%EIB?aFcﬁinﬁgrsi nto canmeras 8.Printers in 3G nobile phones
9. Port abl e and notebook printers 30 10. Wde fornmat printers 11. Col or and
monochr ome cVpivéderanoprine®| or and nonochrone facsinile machi nes

36. Photo ‘kiosk’ printers

20 37. Business card printers
38. Greeting card printers
39. Book printers
40. Newspaper printers
41. Magazine printers
25  42. Forms printers
43. Digital photo album printers
44, Medical printers
45. Automotive printers
46. Pressure sensitive label printers
30  47. Calor proofing printers

48. Fault tolerant commercial printer arrays.

Prior Art ink jet technologies
Similar capability print heads are unlikely to become available from the established ink jet

manufacturers in the near future. This is because the two main contenders — thermal ink jet and piezoelectric
35  ink jet - each have severe fundamental problems meeting the requirements of the application.
" 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



13. Multi-function printers conmbining print, fax, scan, and copy functions
14. Digital commercial printers 35 15. Short run digital printers 16.
Packagi ng printers 17. Textile printers WD 03/018314 PCT/ AUO2/ 01059 44 18.
Short run WQE¥asdtprinters 19. Offset press supplenental BETAPEU0S920 | ow
cost scanning printers 21. Hi gh speed%page width printers 5 22. Not ebook
conputers with inbuilt page width prlnters 23 Port abl e color and
monochrone printers 24. Label printers printers 2

Poi nt - of - saFaeadits Ak et bf)F‘ﬁPﬁ'Eeé‘F%‘“ thermaljnk jet E@P‘@W %F%Péﬁh %%PH‘P@P@“S hsg.

Phot of i ni shiégle pickingfdedssy 9. Vi deo printers 30. PhotoCD printers 31.

vél | paper print %ﬁeﬁm&ggf'ﬁ@v h%m:m&ﬁ a%ehe@tt@ma idibe a,ldraekpwezoae&a cREhVa@sS 34

Bil |l board printers rinters ~ 36. Photo 'Kkiosk rinters 20
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46. Pressuré ers or proofing printers
fabncatxon of page width print heads wnh 19,200 nozzles.

Comparison of 1J46 print heads and Thermal Ink Jet (T1J) printing mechanisms

Factor TIJ print heads | 1346 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 [J46 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 1J46 print heads do not require high precision
assembly

Efficiency <0.1% 2% 20 times increase in efficiency results in low
power operation

Power supply Mains power Batteries Battery operation allows portable printers, e.g. in
cameras, phones

Peak pressure >100 atm 0.6 atm The high pressures in a thermal ink jet cause
reliability problems

Ink temperature | +300 °C +50°C ' High ink temperatures cause burnt dye deposits
(kogation)

Cavitation Problem .| None Cavitation (erosion due to bubble collapse) limits
head life

Head life Limited Permanent T print heads are replaceable due to cavitation
and kogation

Operating voltage [20V v Allows operation from small batteries , important
for portable and pocket printers

Energy per drop 10uJ 160 nJ : < 1/50 of the drop ejection energy allows battery
operation

Chip area per 40,000 um? 1,764 pm? Small size allows low cost manufacture

nozzle

10

It would be appreciated by a person skilled in the art that numerous variations and/or modifications may be -
made to the present invention as shown in the specific embodiments 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



48. Fault tolerant commercial printer arrays. Prior Art ink jet
technologies Simlar capability print heads are unlikely to becone
avai l able fromthe established ink jet manufacturers in the near future.
This i s beWQe®183é two main contenders - thermal inkjet BRHABYURR) ectric
35 ink jet - each have severe f undanmeft al probl ens neeting the requirenents
of the application. The nost significant problemwth thermal ink jet is
power consunption. This is approximately 100 tines that required for these
appl i cat i onglustiatvd andnespastriftivom t he ener gy-i neffici ent neans of drop ejection.
This involves trh8nembi fo RAict b RONKGS: priddtAnhavina predeiitayovherein expiomozzzhishimevinghi ch
expels the ink. Water has a é/der%[pi gh heat WO 03/018314 PCT/ AU02/ 01059 45
capaci ty, aﬁ%i‘"ﬁﬂ’%“g““ﬁ’é""é“ﬁ’p“é?%eé‘f fin thermal ink jet applications. The high
power consunpt i ofurlcp-pantisg YSpatent applicatien spyiatriei A3 1 %8 hipctoges a ovitgaozris ggnerally.
significant problemw th piezoelectric ink jet is size and cost..
Pi ezoel eét r iStchampyipgozziaayjes 'Szfcm‘\}’étb’f/m"s"ﬁseﬂffmffh?'FaélE‘Eefp8'|’f'Véfle'?e&f%réﬁ%fmge drive
vol tages, and therefqgre require a | : each nozzle. Also, 5 each
pi ezoel ectri Eplécé‘f‘ﬂ'é?fg‘remﬁ‘ﬂ" %lf)z[eea%%ﬂﬁ%%’?‘g’dg{fgéﬁggm?‘?ve circuit on a separate
substrate. This k%roGlgﬁ-n whth i BHhem&R18 that i OBJuRaNUAL paktd o the tevicebethydrbphdticaldf ar ound
300 nozzles per print head, but is a major inpedinent to the fabrication
of page W dtuBatgrs inkibinBciakBesydfinR iniQhe2&ibn nixiezkteser. Conpari son of 1J46 print
heads and Thermal Ink Jet (TIJ) printing mechanisnms FactorTlIJ print
heads| J46 print KemdisgeberatyregeyioRs $OPsed where pneesoUPiPRORHEEBEY §8N4EY mage
quality and high quality text Printer typeScanningRage w dthl J4 I
heads do'hot sca ?°’F‘%gs'19?"l“i%1q4r?f‘f“’a‘§‘lwérfgs'%ﬁciz f?s?’i’ﬁl"léﬁgesgﬁ%\g}g%nrmﬁi% g-.e%?e}-eﬂ%e
speed<l 80 6.0IN ' 1 Warp j 1k a64 er
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operation Nunmpér “of noz O tinmes as many nozzl es enabl es the
hi gh print speeg) faQficorQibstR3d. Thedrey 418 wiibe fis@Bedih géatectmilvadver on the
paper, print is Imediately dry, no 'cockle’

Const ruct i onMil t iThgeadeinbil fuolidctubes e $ikdGsujrrateer waleefd & ordiehich e tlielpatsisidyerd | &t gh

preci sion assenbly Efficiency<0.1%%2%20 tinmes increase in efficiency
results in | Gresigwd CMaSerssivitioNapoiRRis deppsipd P PilecrisdierEit t eri esBat tery

operation allows portable printers, e. ' amer a h B ol re>
100 at m01b. at oG grabbTLer i odis et e g R pe R EE « SRRy

probl ens

in the form of a lever arm 526 and an actuator 528. The lever arm 526 connects the actuator 528 to the nozzle
522.
As shown in greater detail in Figs. 105 to 107 of the drawings, the nozzle 522 comprises a crown
portion 530 with a skirt portion 532 depending from the crown portion 530. The skirt portion 532 forms part
20 ofa pefipheral wall of a nozzle chamber 534 (Fiés. 105 to 107 of the drawings). The nézzle openiﬁg 524 isin
fluid coml;mnication with the nozzle chamber 534. It is to be noted that the nozzle opening 524 is surrounded
by a raised rim 536 which "pins" a meniscus 538 (Fig. 105) of a body of ink 540 in the nozzle chamber 534.

An ink inlet aperture 542 (shown most clearly in Fig. 109 of the drawing) is defined in a floor 546 of

the nozzle chamber 534. The aperture 542 is in fluid communication with an ink inlet channel 548 defined
25  through the substrate 516.

A wall portion 550 bounds the aperture 542 and extends upwardly from the floor portion 546. The
skirt portion 532, as indicated above, of the nozzle 522 defines a first part of a peripheral wall of the nozzle
chamber 534 and the wall portion 550 defines a second part of the peripheral wall of the nozzle chamber 534.

The wall 550 has an inwardly directed lip 552 at its free end which serves as a fluidic seal which

30 inhibits the escape of ink when the nozzle 522 is displaced, as will be described in greater detail below. Tt will



I nk tenperature+300 C+50 CHi gh ink tenperatures cause burnt dye deposits
(kogation) CavitationProblem . NoneCavitation (erosion due to bubble
collapse) limts head life Head |ifeLimtedPermanentTlJ print h aSI are
repl aceabl Q318334 cavi t ati on and kogati on Operating vol tgﬁyégm?f? %AI | ows
operation fromsnmall batteries , irrpof‘?ant for portable and pocket printers
Energy per droplOT160 nJ< 1/50 of the drop ejection energy allows battery
operation Chip area per40,000 nRl, 764 nPSnal | silge allo | ow cost .
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fromthe Spithiegcaﬁrofiﬁlgtpo[?rﬁh ozzid bk 3¥£Nt i on as broadly described. The
pr esent enbodi ment s are, therefore, to be considered in all respects to be

WO 03/ 018314 PCTAf\doieedd? 38358 thedifal bdnh bifubtbaibd iv @nseored th @t anchersIS4 exghdingaipwafdie
invention also relates to an inkjet printhead having a nozzle array wherein
each nozzl e froasheaubsmne Sugor, muepaltieuladiyt fromals CAIOSpspixtipn laysy 28 nEe enchoe $dak or . Qur

co-pending US patent application serial no, 091112, 821 di sg%oses a noving
nozzl e generweduhtsd on candistiverpady SHoNToh §rm dAkrEcaboetEn MO BeP Y &% by neans of a
magnetical ly responsi ve el enent for effecti i JdTeyd ng
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arr angement ;}r erielM@bodiherk, Soth Gk 458 thalsPte dPRF hetud@/fa cénd@rictRMhRiCmi@ial such as
hydr ophobi cally treated to Inhibit the ingress of ink into the region of

t he act uat oryanfimmNdeigNNOZ 2zl e-type device is proposed where the need for
hydr ophobic treatnment is obviated. 10 Referring nowto Fig. 104 of the
dr awi Ngs 0 a nozzIBethasse fislayd 568 hatetbdifirm endtiang/ersd fodie|agrhes 54 HEheiopRased Fpds
nuneral 510. An ink jet printhead has a plurality of. npzzl S | j.es .510
arranged i n pAnegtpd e gmA2q pyhgaa cupgis caﬁﬁagfﬁg?‘m&fﬂxg’ L3N ?cé'"&r%&stﬁ" "Za? érrg?"ggnﬂ&
The array 514 will . be described in gre lof all. oW ResHoe Rtk Y the 10
i ncl udes a sif ?"8’8%158&51& ?satfeep asos'r"e\%f/za;ll gérro' gﬂ]%mﬁr%'ﬂgghtgéi%eloeét (G ayert 518

I's deposi tegm A R RS RLaY BLrk R chuBNhe SRR 6laf, RROK otk 50M0 bdtmspllice| ect i ¢
| ayer 518. 1 ach nozZl e assenbly 510 includes a nozzle 522 defining a

nozzl e openi agvniady toRar§QRRESHHIIY6 LKL In Figh 196 b dFaoingy. Tifis usksay eiectienafiink26 and
an actuator 528. The |l ever arm 526 connects the actuator 528 to the nozzle
522. As Showrdugh tggmezte@penide$2aiag shpwn aFjog i Figy (98 of toe day et fWhemie YIesa fgss t he

nozzl e 522 conprises a crown portion 530 with a skir rtion
dependi ng frW‘teﬁéc"ﬂ‘b%ﬁv"ﬁ&"ﬁ"tqsgh'e’%ﬁ‘?pp*f'ﬁ“é‘"%‘ﬁhﬂ' %f)'(l)orz 15 %%%%ﬁiofl%?‘rﬁr%%gart

position as shown in Fig. 107 of the drawings. When the nozzle 522 returns to its quiescent position, an ink
droplet 564 is formed as a result of the breaking of an ink droplet neck as illustrated at 566 in Fig. 107 of the
drawings. The ink droplet 564 then travels on to the print media such as a sheet of paper. As a result of the
20  formation of the ink droplet 564, a "negative" meniscus is formed as shown at 568 in Fig. 107 of the drawings.
This "negative” meniscus 568 results in an inflow of ink 540 into the nozzle chamber 534 such that a new
meniscus 538 (Fig. 105) is formed in readiness for the next ink drop ejection from the nozzle assembly 510.
Referring now to Figs. 108 and 109 of the drawings, the nozzle array 514 is described in greater
detail. The array 514 is for a four color printhead. Accordingly, the array 514 includes four groups 570 of
25 nozzle assemblies, one for each color. Each group 570 has its nozzle assemblies 510 arranged in two rows
572 and 574. One of the groups 570 is shown in greater detail in Fig. 109 of the drawings.
To facilitate close packing of the nozzle assemblies 510 in the rows 572 and 574, the nozzle
assemblies 510 in the row 574 are offset or staggered with respect to the nozzle assemblies 5 10 in the row

572. Also, the nozzle assemblies 510 in the row 572 are spaced apart sufficiently far from each other to



20 of a peripheral wall of a nozzle chanber 534 (Figs. 105 to 107 of the
drawi ngs). The nozzle opening 524 is in fluid conmmunication with the

nozzl e chanber 534. It is to be noted that the nozzle opening 5 4}#5
surroundedWai3/0a831hi sed ri m 536 which "pins" a neniscus 5%%”8&?23’.0 05) of a
body of ink 540 in the nozzle chanmber 4634, An ink inlet aperture 542 (shown
nost clearly in Fig. 109 of the drawing) is defined in a floor 546 of the
nozzl e chanmber 534. The aperture 542 is in flui ?4 corr;ggéni caB.i on (yz\/l;létslg Al i nk
inl et chann@kRblslgleypimyi2 of tegorelsassempliesoHun L% P f41P Ristpppeen AURT' U 24U 550
bounds the erture 542 and end I : I 46.
The skirt BBRETBISSEITngn TN & 0Rhh S p A OehIEsion 3R B M2
first part of a Pl ieResalsaRIk ro@fs7d G pddAEThEnoz s BITRRT theadrlarsid bi8 bifagjacem| |
portion 550 defines a second part of the peripheral wall of the nozzle
chanber 534 nozli8essendlids sAOmévas san i nwardly directed lip 552 at its free end
whi ch serves as a fluidic seal which 30 inhibits the escape of ink when the
nozzl e 532 is di Bphadcelsilitsclat pabkingef thenseries HAdn thefoyr dhtd FT4gutrapre S ibw, | t
will WO 03/018314 PCT/ AU02/ 01059 47 be appreciated that, due to the

vi scosity ofsubstpsiallyfigxagens)y iefdt he smal | di mensi ons of the spacing between
the |ip 552 andthm% Sk'mEiEtengEh%!e lle?ﬁ\r%heia{t] ﬁlﬁtb\%vﬂlWE ﬁUzzt){ﬁgizra?e“dﬁsﬁgeJ l]b\pa.rc@% and

surface tension FUNCE N as Sea ting e escape of ink from
the nozzl e ghamhsie pide, dthﬁhe‘%GizH%{aéﬂfng 54 8eigSt AxlifHd Mgl Bith leQartito &6 hazelt demt@nd | S
connected to an anchor 554 extending upwardly 5 fromthe substrate 516 or,
mor e parti cubaink ¥ ejected @ghdyde tHepEfRniabks | Iviedni advanthga pihe afA@emetshowa indiegres B84 | s
mount ed on conductive pads 556 which forman electrical connection with the
act uat or 10528nd 1A ef taeciravingthat §9 tuptenyPasio§benogzlefapsratlies SAQ injthy eows AB AR 8eXERY Bnged

above a second, passive beam 560. referre di ns
558 and 560 t'éerSém%r'?""Ei‘rm PSS RI e roys é’gﬁgﬁ?{) i "@5“8@%‘%&%@%&?“2%?’%‘?‘ “’g 8‘%%“2?

titaniumnitride j i e & t & ark PRIIEI of dnk Sbth@Nds
anchored to 't h@“’é"&?h%% fh%égdrgpﬁ%nieﬁel r é%%%égﬂﬁéﬁ‘gg g%égnnegfded to the arm
526. \Wen a Eﬂﬁiﬁﬁﬂﬁnihﬁoﬁ@g&%aﬁtﬂ flow through the active beam 558 t her nal
expansi on of the beam 558 results. As the passive beam 560, through which
there i s no curr emb, af $how in HRes1 08 ofttheixaympthatubstrites 16 daend pads 676 agangrd ey
nonent is created causing the arm 526 and, hence, the nozzle 522 to_he

di spl aceds devianseridd Y deowient ebanegtiqes. Waheresf G oghegerors B giheinpriersEmoN9 8 ot t he
drawi ngs. This causes an ejection of i&#} }5 t(hrs ugl| the nozzl e opening 524
as shown at BB eleiriqe qgnnectips a5 forpd 2 i SMOR §& “WhEh ™ T he source of heat is
renoved from the actlve HeamodPS: drdwidgs, o BleishidRBE RGnvehtioh & Howd. Ve reféréhee BOZZ1 €
522 returns to its qu%es ent position as shown in Fig. 107 of the

drawi ngs. WigR,tRs BREHEL Bk deedcEhukdIs retebto likeatiliinesoentvispoeifd.on, an i nk
droplet 564 is formed as a result of the .breaking of an ink dropl et neck as
illustrated at 5@6thisdevBlbmpentlOipzatefgudrhiB0 ischoenigd aeythe sustrate 1A RS BRr 4N 4t ezt an
travels on to the print nedia such as a sheet of pﬁgef. As Fl rFsHJt of the
20 f or ma2P onewfd SBhaclydpe bedyaismbar S8daving 3 Puglityofppssages SRS B e o R B &8
shown at 568 _jn Fig. 107 of the draw . IS, F tiyenr '

Fesul te i n afeeen BirEr foosRor e Rt Pl PR e RRERUR AOE
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ej ection froﬁq(("é:sﬁgcﬁg)fgglagozggsfgﬁbqﬁgegﬂ%gﬁgg%ferrli§Png nowdgto Fi gs. rbgsog and 109
of the drawi Bgse suidig a@a&metiaarray 514 is described in greater detail. The

array 514 is for a four color printhead. Accordingly, the array 514
i ncl udes four gr oThesody Memigf 582 is mounted in spaced relationship relative to the nozzle assemblies 510 by

25 limbs or struts 586. One of the struts 586 has air inlet openings 588 defined therein.
In use, when the array 514 is in operation, air is charged through the inlet openings 588 1o be forced
through the passages 584 together with ink travelling through the passages 584,
The ink is not entrained in the air as the air is charged thrdugh the passages 584 at a different velocity

from that of the ink droplets 564. For example, the ink droplets 564 are ejected from the nozzles 522 at a



25 nozzl e assenblies, one for each color. Each group 570 has its nozzle
assenblies 510 arranged in two rows 572 and 574. One of the groups 570 is
shown in greater detail in Fig. 109 of the drawings. To facilitate close
packi ng of wihe/nesaz| e assenblies 510 in the rows 572 and BHAUR¥A%R0z2) e
assenblies 510 in the row 574 are of f8%t or staggered with respect to the
nozzl e assenblies 510 in the row 572. Also, the nozzle assenblies 510 in
the row 572 are spaced apart sufficiently r fromeach other to.
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assenbl i es g%g in the row 574 to pass between adjacent nozzles 522 of the
assenbl i es "in the row 572. It is to be noted that each nozzl e assenbly
510 is substanti glby. dUrRGh |s o RERRGR p8Saebs!s8d cldal 8 oA BhrBSes SR angeRestishiahal OW
572 nest between the nozzles 522 and the actuators 528 of adjacent nozzle
assenbl i es HLQ rhrfigd JaRiclEsPaerd dust partiftess dot@ fall oritaxhd rcald asemilies AP evesehyatficlingg of
the nozzles 522 in the rows 572 and 574, each nozzle 522 is substantially
hexagonalsl y tshapedon. Withvie plovikien ¢ ppsiciolptapeides 58 in He aezle Ryad| S8R hip prollgTds 4 4
that, when the nozzles 522 are displaced towards the substrate 516, in
use, due to werexEBPYYIddopeni ng 524 being at a slight angle with respect to
t he nozzl e chanber, 534 ink is ej Lght LAl ar. It

i s an advant age gﬂﬂpwgwgpﬁ5uﬁ%H§h§?%§gﬁﬁk?ﬂgﬁhﬁﬁ§§§f%%ﬁ“ﬁ%ﬁgﬁﬂﬂﬁog of the
dr awi ngs th@&g&ﬁ@ﬁﬁ&kﬁ&&%&ﬁ 528 of the nozzle assenblies 510 in the rows
572 and 574 extend 1n the sane direction to one side of the rows 572 and
574. Hence, the isakingWidesilicon@jbrnicecwafer St thewieleada ajee §1 85 2Bposifehont aserfapenl) 572
and the ink droplets ejected fromthe nozzles 522 in the row 574 are .
paral | el 10t 0 thvefeafist Herdiclectasleget §1R in the form of spprogmEey b? Mistonsf GYP pxde: RFSEYS as
shown in Figure 108 of the draw ngs subsérate 516u§@§m3&$gtpads 576

5, th
arranged t hePeta o thegaygi! $4nd B bv5r A ‘Sc%'i‘é’“glme'&s'f 08 A 1S B0R ons, via the pads

556, to the act ug%tors YR 0%%@@@%fsggsn@%émgwnﬁmémon laybPR8.erre heBiGi i theq al

. r being develop . .
connections are Friet Via er (not shown). Referring to Figure
100 of the d&ﬁp\te%?q%he BePRY BLRPEE This Qfp defies thamaREiagRue S42shown. Wt h
reference to e previous drawings, like reference nunerals refer to |like
parts, unless ot heripireR 115qIee dfawieg, approxiraelyD. Scheierers ofnirenirum 682 ipdsposited ooy 580
is mounted on the substrate 516 of the array 514. The nozzle 20 guard 580
i ncl udes 13 boidy Revistibenn B8R thecririmitgm 802 Qiposqdiia Gaskf04 paddeveioped- BaeAugRYT R
t heret hrough. The passages 584 are in register wth .the z QS
524 of the n8#spachsddpy ‘Wé%”%ﬁﬁr%?”?H%“%?%E?“@Tﬂmzﬁgﬁ“Vﬁgﬁg'&ﬁéﬁpﬁghggis
ejected fromapy one of the n ! IR, BRinelcbiRect Bl 2PREIDS Erive imGiktgh t he
associ at ed pgggéﬁggﬁgﬁmw5@¥%$§gé%ﬁ%%ﬁﬁghﬁﬁg g%?ﬁ% nedi a. The body nember
582 i s nmount el isbwes Paf &h fofleiohiiadih Pe CRIDR LY Gotsbostnhe nozzl e assenblies 510
by 25 linbs or struts 586. One of the struts 586 has air inlet openings
588 defined t her eigproximely8: micvinend PEGID mirifedydeBobited iasthg GM@propsiyetiopgyer 280 i s
charged through the inlet openings 588 to be forced 't rqu& Hpek§%§§qges
584 t ogeter Redist asromén and ths/aier 1201 c¥mres BGHTkEARY R ERE 4B TR TR™ 'S hot

entrained in the air as the air is.char 5 at a
1 or ont. velSEREAGHARAS B A B R o oo Sl s BARRAGERCRANE. 2,

ggﬂaﬁgz / 8?_3 gg‘el;ts"re ?‘12?9&%@&{ i erfepgdnﬁd t%&ée@ﬁan’é@.z at a WO 03/018314
A layer 608 of a sacrificial material is spun on to the layer 520. The layer 608 is 6 microns of photo-
sensitive polyimide or approximately 4 pm of high temperature resist. The layer 608 is softbaked and is then
25 exposed to mask 610 whereafter it is developed. The layer 608 is then hardbaked at 400°C for one hour where
the layer 608 is comprised of polyimide or at greater than 300°C where the layer 608 is high temperature

resist. It is to be noted in the drawings that the pattern-dependent distortion of the polyimide layer 608 caused

by shrinkage is taken into account in the design of the mask 610,




49 velocity of approximately 3mls. The air is charged through the passages

584 at a velocity of approximately 1 nis. The purpose of the air is to

mai ntai n the passages 584 clear of foreign particles. A danger exists that

t hese for ewgro3massts cl es, such as dust particles, could faP¢T/8BE2018Ae nozzl e
assenblies 510 adversely affecting 5 fheir operation. Wth the provision of
the air inlet openings 588 in the nozzle guard 580 this probl emis to a

| arge extent, obviated. Referring nowto Figures 111 to 113 of
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iS spun on ayer er 518 1s expose to mask 600 and
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etched down to the silicon |layer 516. The resist is then stripped and the
| ayer 518 i sp J;&ad&@&ne hb, Wh%ﬁiplayiEMN}sQ&lsi i hardvlket Btlg@bteralae BAORT for epgk@ximdraty
Figure 11 Ib of the draw ngs, approxinmately 0.8 m crons of alum num 602 is
deposi ted oronthver. | ayer 15 518. Resist is spun on and the alum num 602 is
exposed to mask 604 and devel oped. The al um num 602 i s | asma et ched down
to the oxide Iayér°25’l‘8°““luﬁ’e'a>i°@§1‘a§'@yef &6 isthen drpestieda Rt of fhis 13&1%\9?65%’“‘? @e @& ned.
This step prowg6§ 9 d pads and interconnects to the ink jet actuator
528. This int& ﬁth% "ft“‘imé 0 an NMOS drive transistor and a power plane
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devel oped. After devel opnent, the nitride is plasma etched down to the

al um num | ayad a fuiier aom/&bmrm l'icon | ayer 516 | n the region of the inlet
aperture 542. The resist is stripped an evice cl eaned. A | ayer 608 of

a sacrificial natohe raqtmrlsw'sw?vbwui 'ast&aﬁ%fTrhb%’F'%’z‘eS‘z@rh‘é AMer 608 is 6
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400C for one hour wherea ayer is conprised of polyimde or at
greater thang300C where the Iayer 608 is high tenperature resist. It is to
be noted in the drawings that the pattern-dependent distortion of the

pol yi mi de | ayer 6OSirasiged laydpy205tuppliskmgainiing ob dke pf pheie-eensitive palimidd o t he
design of the mask 610. WO 03/018314 PCT/ AU02/ 01059 50 In the next step
shown in Fi genpemﬂnatblylzéwoﬁlglt‘hlepcuwwmsﬁ‘g§h° “&°’§éQ:'OFP8b”§%ﬁ:‘YhF‘F1ﬁ&“Ef °"P°<i§/dé? mgho s

applied. The 612 is either Sltl i ch
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the layer 61% eve case er 612 "bei ng pol yi m de,
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| ayer 612 is resist, it is hardbaked at greater than 300C for approximately
one hour. the same as the layer 616 and are applied in the same manner. It will be appreciated that both layers 616 and
624 are electrically conductive layers.
The layer 624 is exposed to mask 626 and is then developed. The layer 624 is plasma etched down to
the polyimide or resist layer 620 whereafter resist applied for the layer 624 is wet stripped taking care not to
25 remove the cured layers 608, 612 or 620. Tt will be noted that the remaining part of the layer 624 defines the
active beam 558 of the actuator 528.
A fourth sacrificial layer 628 is applied by spinning on 4 um of photo-sensitive polyimide or

approximately 2.6um of high temperature resist. The layer 628 is softbaked, exposed to the mask 630 and is

then developed to leave the island portions as shown in Figure | 12k of the drawings. The remaining portions



A 0.2 mcron nmulti-layer nmetal layer 616 is then deposited. Part of this
| ayer 616 forns the passive beam 560 of the actuator 528. The |ayer 616 is
formed by sputtering 1, 000A of titaniumnitride (TiN) at around 300C
fol | owed bvO @318kt t eri ng 50A of tantalumnitride (TaN).PA/AUPYHEP 1 000A
of TINis sputtered on followed by 50Alof TaN and a further 1,000A of TiN
QO her materials which can be used instead of TiN are TiB2, MSi 2 or (Ti,
Al)N. The layer 616 is then exposed to mask 618, devel oped and pl asma
et ched down °¥ e lpyseo2p arg bardbgkegat 459%%%%@@@“?%@?&?"{ 4155158 K @olyigide ?fﬁgﬂ"fa&y@?" 616,
is wet stri DB%E taking care not to renove the cured | ayers 608 or 15 612.
Athird sacrPdF& %P4 ayer 620 is applied by spinning on 4 |tm of
phot o-sensitive polvi m of i Ml er
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polyi m de, the 1ayer 620 is hardbaked at 400C for approxi mately one hour or
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mul ti-layer netal |ayer 624 is applied to the |ayer 620. The constituents
of the | ayerri®@chanacrisitereguimdionhis ditiestric fyes £3261@ high elastis modalpp Phemigal inertnedy ends ame
manner. It wll be appreciated that both |ayers 616 and 624 are

el ectri cal | ogAstietY U | ayers. The layer 624 is exposed to mask 626 and is
t hen devel oped. | ayer. 624 .1s pl.asma.etched d to..the pal yimde or
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will be note inkn art o ayer 624 defines the active
beam 558;0f e RpAC ThtALrhining SSHiondf hOWet 634 RAHeh hakdbskedd: 4008y BF onb R ih the SdpgXrined by
spinning on 4 p.mof photo-sensitive polyimde or approximtely 2.6m of

hi gh t enper gllyinfdelof grédter thid3@odCHytate rei8 | s sof t baked, exposed to the nask
630 and is then developed to |leave the island portions as shown in Figure
112k of the dr awifimgkelectiiblayer €33usi phimacptchrddownantbe \WMIfIQIB) 14y rS2B] AkiREATE IMUB2INPI0N59
51 of the layer 628 are hardbaked at 400C for approximately one hour in the
case of pol yWhifdhe sasfificipl laxgF &4t er t han  300C for resist. As shown in Figure
1111 of the draw a .hi Young' s. s die ric [
deposi t ed. Thevvllr[é}gset?p d??%%%""c%%%ﬁ“i"?% ’;Hc'fq V§r “é"b%ﬁ%ﬁ“‘. JF%{‘JQ?%%?{%@% ozgl?l icon
nitride o alupipsi@ oxide. The layer 632 is 5 deposited at a tenperature
bel ow t he hardbaked tenperature of the sacrificial |ayers 608, 612, 620,
628. The pri marwu whaoagt Rsdurit did&ric Qg bIseiefodited t ThisIayeticad ie binel by deposiging 632
are a high elastic nodulus, chem cal inertness and good adhesion to TiN A
fifth sacrifd.2umaf silicaysirides dunisunapplld aeaetmeragysibeind e hadhakehenperaprrof be sensi ti ve
polyimde or approximately 1.3mof high tenperature resist. The |ayer 634

i s sof t bakedsaorixipdretiif H 1 Hisdené%8 and 10 devel oped. The renmi ning portion
of the |ayer 6:))A'"llhesn IR hq:l; dbgﬁggt%tg‘%drz{&%gsgtht B§er?§a?ﬁnﬁigo¥ré?ic!élpy&lﬂga&@l oet09f the
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of the dielectric layer 632 and the sacrificial layer 634. This step creates the nozzle rim 536 around the nozzle
opening 524 which "pins" the meniscus of ink, as described above.

An ultraviolet (UV) release tape 640 is applied. 4pm of resist is spun on to a rear of the silicon wafer
516. The wafer 516 is exposed to mask 642 to back etch the wafer 516 to define the ink inlet channel 548.

25  Theresist is then stripped from the wafer 516.

A further UV release tape (not shown) is applied to a rear of the wafer 516 and the tape 640 is
removed. The sacrificial layers 608, 612, 620, 628 and 634 are stripped in oxygen plasma to provide the final
nozzle assembly 510 as shown in Figures 111r and 112r of the drawings. For ease of reference, the reference

numerals illustrated in these two drawings are the same as those in Figure 104 of the drawings to indicate the



any of the sacrificial layer 634. This step defines the nozzle opening 524,
the I ever arm 526 and the anchor 554 of the nozzle 15 assenbly 510. A high
Young's nodul us dielectric |ayer 638 is deposited. This layer 638 is fornmed
by deposit Wy03/W@83d of silicon nitride or alum num nitri dBCHAUR/QBHper at ur e
bel ow t he hardbaked tenperature of thé& sacrificial layers 608, 612, 620
and 628. Then, as shown in Figure |l 1 |Ip of the draw ngs, the |layer 638 is

ani sotropically plasma etched to a 20 depth of 0.35 microns. This etch is
i ntended t orelqvinnparty of ghe pezalp aseembly &10F Figirpsd g anghf 15shoyy thegparatipnof &g pupt astepllysi de

walls of t dielectric layer 632 and .the sacrificial |ayer 4. Thig step
Creat es 1 he o TTetid By R vRES dbd e B8Nt i Faron b iR CReh 10D T
meni scus of welkeur@SorlGRfkd b REHes3BQY f7 otk dilvhidg@Vi Ol et (WV) rel ease tape 640
is applied. 4mof resist 1s spun on to a rear of the silicon wafer 516.
The wafer 516 i Sit@iRBOsSHPEcidtéd biPeidns@Gidited irdhedat @st Man&ibus Vdnigioneh@br nfadificatichs Ahayf | ne
the ink inlet channel 548. 25 The resist is then stripped fromthe wafer
516. A fdart lhemadeld thegdvemisrens stepein tha siecifideobmljments witiopt|depading feomegherspieivor ebpetofie
waf er 516 and the tape 640 is renoved. The sacrificial |ayers 608, 612,
620, 628 andhedmentioyas treadiyidessrihgd. The Riseen ePbPodimenssiee: thegefase eahe eRasiferrd i 4l fggpects #oz 7| e
assenbl y 51q|qs.shqyntin.5igures 11 Ir and 112r of the draw ngs. For ease
of referencd " PREWEPEFESYSE numerals illustrated in these two draw ngs are
the sane as those in Figure 104 of the drawings to indicate the WO
03/018314 PCT/ AU02/ 01059 52 relevant parts of the nozzle assenbly 510.
Figures 114 and 115 show the operation of the nozzle assenbly 510,

manuf actured in accordance with the process descri bed above with reference
to Figures 111 and 110, and these figures correspond to Figures 105 to 107
of the drawings. It wll be appreciated by persons skilled in the art that
numer ous vari ations and/or nodifications may 5 be nade to the invention as
shown in the specific enbodiments without departing fromthe spirit or
scope of the invention as broadly described. The present enbodi nents are,
therefore, to be considered in all respects as illustrative and not
restrictive. WO 03/018314 PCT/ AU02/01059 53 | CLAIM 1. An inkjet
printhead conprising a plurality of nozzle devices fornmed on a substrate,
each nozzl e device conprising: a nozzle chanber, 5 a nozzle opening through
whi ch ink fromthe nozzle chanber is ejected, a novable el enent in contact
with ink in the nozzle chanber to cause said ejection of ink, a thernal
bend actuator having a proximal end anchored to the substrate and a di stal
end connected to the novable elenment, the actuator including a first
portion adjacent the proximal end external to the nozzle chanber and
havi ng a conductive heating circuit |ayer for heating the actuator, and a
second portion extending



10 to said novable element and in contact with said ink, wherein said
actuator includes a dielectric neans for electrically isolating said first
and second portions so that electric energy in said heating circuit |ayer
is not confNRP¥UBHY the actuator to said ink. 2. The ink }’@%’Aﬁi’%/ﬂf’ﬁead as
claimed in claim| wherein said dieleffric means conprises a slot extending
across the thermal bend actuator. 15 3. The inkjet printhead as clained in
claiml wherein said conductive heating circuit layer is substantially
pl anar. 4. ThEAMjet printhead as claimed in claim| wherein said
conduct i ng Heat i Agink jaypentheadepppiisies pluslithefineaale deyvicpsyformpd qamisubstialgi eaghingkgle 5. The
inkjet printhead as clainmed in ctaim| wherein said conductive heating
circuit inclerfEsomPfisil8east 2 0 one tapered portion adjacent said proxinal
end arranged to incre se resistive heating adjacent said proximal end. 6.
The inkjet pri nt?l'éc’ézé“g@sm Claimed in claiml| wherein said novable el enent is
an ink ejsecti on padal Senido A aEehioliddAbR wk Re-10 @2dlesis hagber and nmovable
toward said nozzle opening to eject ink. 7. The inkjet printhead as cl ai ned
in claiml wher ejiRoid denEmVpdohtst PiidkiiOhe nobld cichébsr th Eaese Zefcwdn 6fiskDi ng 25 and
nove towards the substrate to cause ejection of ink through the nozzle
openi ng. 8. The pwhérmil hend detwafor kmbing sproximahead erickered decthe spiestratd and sidiydl end cenesisd foses a
crown portion defining the nozzle, oEening and a skirt portiagn dqpending
from the cr SRPopBlecicBRmt the prasatoringlyding a firstpgrion adiacrpt iy PEpximplend exjstgpl fo th rozgle
peri pher al | I _of,.the nozz|.e chanper.. 0183 9.
The print he\zg%mg?r e hﬁ‘l"?ﬁ a§°rlldflf'i§llv°uh zplﬁﬁc"gw l?ygﬁorﬁg'{tlg%ﬁ%%éar@&}éﬁé%g (I( %é%%ﬁeng&f | oor
of the nEZzl & aRRAMR kie@ddtandin cHidNGin a8y el | surrounding the aperture and
defining a second part of the peripheral wall of the nozzle chanber. 10.
The printhead of wheredi sttt Gctiatdr Mddides dicle@rickdaiistforple¢tiidaldisolagngdaid frbtasisedohde
relative to the substrate and said 5 bounding wall serves as an inhibiting
means for i rehitibrssd thayelpctriglenargy inoshid heatingfeiryitiayan is netisendtseed by thejactuapiéo spid k| et
printhead as clainmed in claiml1 wherein said _gi electric neans is | ocated
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external to2%he TH3¥Itarindisaapepimedynciaimf whergin aig dieisaisi fpepnis SAMPEEHHTY &1

plurality of no zlhe deviges,dormed on a substrate, each nozzle device
ermal oén taa

conpri si ng: B A hoZ2] & C artw%'er, a nozzl e opening through which ink from

the nozz|e chanbere inSedhRiched cliRed PUARN &h&LLARREIAVeGRRh@SEuMyérll | Nk i n the
nozzl e chanber to cause said ejection of ink, a thermal bend actuator

havi ng a pr axsamiallyegslaranchored to the substrate and a distal end connected
to the novable elenment, the actuator including a first portion adjacent

t he proxi mal4 end Thedtkaietmethepdes claimedhipgyingd wigeigiaidspnerctipgigtRgIeHgMeiseonduct i ve
heating circuit |ayer for heating the actuator, and a second portion
extendi ng t8EHY HBUIH'eel enent and in contact with said ink,

5. The ink jet printhead as claimed in claim | wherein said conductive heating circuit includes at least
20 one tapered portion adjacent said proximal end arranged to increase resistive heating adjacent said proximal

end,

6. The ink jet printhead as claimed in claim 1 wherein said movable element is an ink ejection paddie

located within the nozzle chamber and movable toward said nozzle opening to eject ink.

7. The ink jet printhead as claimed in claim 1 wherein said movable portion includes the nozzle opening
25  and move towards the substrate to cause ejection of ink through the nozzle opening.

8. The printhead of claim 7 wherein each nozzle device comprises a crown portion defining the nozzle

opening and a skirt portion depending from the crown portion, the skirt portion forming a first part of a

peripheral wall of the nozzle chamber.



wherein said first and second portions are electrically isolated fromone
another so that electric energy in said heating circuit layer is not
conducted by the actuator to said ink.
WO 03/018314 PCT/AU02/01059
54

9. The printhead of claim 8 including an ink inlet aperture defined in a floor of the nozzle chamber and a
bounding wall surrounding the aperture and defining a second part of the peripheral wall of the nozzle
chamber.
10. The printhead of claim 9 in which the skirt portion is displaceable relative to the substrate and said
5 bounding wall serves as an inhibiting means for inhibiting leakage of ink from the chamber.
11. The ink jet printhead as claimed in claim 1 wherein said dielectric means is located external to the
nozzle chamber.
12. An ink jet printhead comprising a plurality of nozzle devices formed on a substrate, each nozzle
device comprising:
10 a nozzle chamber,
a nozzle opening through which ink from the nozzle chamber is ejected,
a movable element in contact with ink in the nozzle chamber to cause said ejection of ink,
a thermal bend actuator having a proximal end anchored to the substrate and a distal end connected to
the movable element, the actuator including a first portion adjacent the proximal end external to the nozzle
15 chamber and having a conductive heating circuit layer for heating the actuator, and a second portion extending
to said movable element and in contact with said ink,
wherein said first and second portions are electrically isolated from one another so that electric energy

in said heating circuit layer is not conducted by the actuator Lo said ink.



