WD 03/ 018314 PCT/ AU02/ 01059 1 I NKIJET PRI NTHEAD HAVI NG THERVAL BEND
ACTUATOR HEATI NG ELEMENT ELECTRI CALLY | SOLATED FROM NOZZLE CHAMBER I NK. 5
Fi el d of wioeslomssenti on The present invention relates to treTcsubIoset i on of
m cro-el ectro nechani cal devices suchtas inkjet printers and in particular
di scl oses a process of electrical isolation 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

i nkj et pr 'Iﬁkmgpﬁﬁwu% MR G HiHRM A S5ENB 6 AICRGIE QTS Baneet  ( VEMB)
processing techniques in the construction of a thermal bend actuator type

devi ce forEltEﬁ@R’é]AébY#%ASFDFRQWQ%WgAW?II%KChanber In any such ther nal
actuator type device, it is often the case that the thernmal bend actuator
is operated 15 via the selective resistive heating of an elenment. The
utilization of conductive heati ng el ements near a fluid supply may lead to
pr obl ens \itied Slohye Idvieiof | ui d supply interferes with the electron flowin the
conductive elenment and electrolysis results. This can result in a general

breakdown of thg.act.uabRfioh RAAL RGhelhst g mml&m &@hdnusl%ewc%gsu&mfey of

the Invention There 1s disclosed herein an jn prin hea rising a
plural ity RSPRAYZT Bl degleser bt OBHCCH‘C""éSl‘jB%Ot“rO T°§‘p “é%{% °hd n&%’\/l ce
conpri si NGBackRrAAZAkR 16BAEPer, a nozzl e opening through which ink fromthe
nozzl e, chanber is ejected, 25 a novable elenment in contact with ink in the
nozzl e!%hanmber to cause said ej ection of ink, a thermal bend actuator

havi ng a pl’OXiRmdntlyalfuﬂe)amclhOmEdTAmplitah'ei N BPET/ AH8200a70dhegpredéns dpalicam hak poposaect ed

to the moy ?;a&‘n @E’gmewhﬁcﬁﬁmﬁﬁtnﬂé}& QEﬁtﬂoH&LﬁﬁmﬁEﬁm déc'éstsmg%ﬁdq{?é? il acent

t he proxi ma en rna e nozz anber and havi n% conducti ve
heat i ng ci%oetbtiop efypahernfabbendgetpiorigperdpice 4¢ thgsieeion oy figmadewisdhapdert i on

extending to 1§alydudiaRl @m@clnam%raaw@nds bf&an@BzIs@-ﬁiﬁt tﬂéﬁtl{ehnaﬂ&h&jacluﬁlkn is sfdraislner ei n
sai d actuator includes a diel i sol ati ?18 sai d

PR o B b RR Ear varene g Prsareul He e R ARG vk R ek i B aut
| ayer is rmpplpm@duato@@bbhyxs twhﬁ:bamb 0@t epply degabsdvithite eleculen @bveinatis keyndsaivd

di el ectri Ce rre NRd §& [rB§sﬁsSr‘3esu ts. Thsl chB regl}fttug{:%'n&lg RO ot hggcit$ap)${em§ t(pceaggrophlc

act uat or. fera sai d conductive heating circuit layer

substanti aﬂallhye pl anar. Preferably said conducting heating | ayer conprises
substantially titaniumnitride. WO 03/018314 PCT/ AU02/ 01059 2 Preferably
sai d conductive heati ngo circuit includes at |east one tapered portion

adj acefft sHMM2pPPOHRF BEitioend arranged to increase resistive heating adj acent
sai d proxi mal erdie 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
portions 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.



Preferably said novable elenent is an ink ejection paddl e |located within
the nozzl e chanber and novable toward said nozzle opening to eject ink. 5
1 Alt er nawowsloys3sai d novabl e portion includes the nozzl e epeEmuig/oasd nove
towards the substrate to cause eject2on of ink through the nozzle opening.
Preferably each nozzl e device conprises a crown portion defining the nozzle
opening and a skirt portion depending fromthe crown portion, the skirt
portion form ngPreferhbly @itd cpindtivolieating pieduit phiedesiht laaa bhe topkred fretion Azt GaiCHarhar .
10 Preferably the printhead includes an ink inlet aperture defined in a

fl oor of t ¢ anged teinghaemsestvaireting adjdyeny et mexinhédd. surroundi ng t he aperture
and defining a second part of the peripheral wall of the nozzle chanber.
Pref erably the BKprly pumavidls cegentjsepink eiecipt Raddlelogatad within the ndree chapbarpnilt e and
sai d bounding wal | serves as _an inhibiting means for inhibiting | eakage of
i nk from t REVARIR ypdrsaid nogzlpnrenipg O edlinkai d diel ectric neans is | ocated
externag to theA@ong c?anbﬁr. Jherﬁ i§1fur}her.disclosed ere“p an i nkj et
print head conpri SRy N B BPAP'F PyHogschds 21e 80748 PpRiag F GIr¥eia 6 My substalde r at e,
each nOZZ|=w%ﬁ¥%ﬁﬁoﬁgpyﬁg§%£gﬁ%%0&85§|e chanber, a nozzl e openi ng through

which ink tr e nozz er 1s ejected, 20 a novable elenent in

contact with i nll%fi:r@ol; a@n &%Ae@c&@ﬁﬁm&ra ckf¥n %@H&ﬁie§mgqm%§zﬁtoipé?ln)g Ql.‘(d ai sm'(t’ a
t hermal bend actuator having a proximal end anchored to the substrate and a

di stal endp&aaaeshdh fiot thdREvnFBvM@hIheskat @RA formh§LfirdGhtiata@eriphddf wdtlbig a
first portion adjacent the proximal end external to the nozzle chanber and
havi ng a comdudtainkee heating circuit |ayer for heating the actuator, and a
second portion extending to said novable elenent and in contact with said
i nk, 230 wher ei nPreferplly thé printhezgdrintludes ewinl infpoareitndsfimed én adfloef thie oaklk yhainkw bsitaed
fromone another so that electric energy in said heating circuit |ayer is
not conducbadipgvall garoypding dhe gpertprg angdlefiningaecomynags pf tepsinhprplal af thef nogsiee

Dr awi ngs tw t hstandi ng any other fornms which may fall within the scope of
t he presenfaghVention, preferred forms of the invention will now be

ar awi ngs 1 a0k en e o0 Rttt T 516 1686 ab AR PSGRTPAR Pl o
schemati cal| i}{hi@hi@inQ_QAs‘?or:idﬂiﬁitijnﬁeakﬁ'gl‘%%?—i!nﬁ&&E‘thé‘chq}di)e?.sCe”t position; Fig. 2

illustrates schematically a single ink jet nozzle in a firing position;

Fig. 31511 b3fchdl €5 SAReRBES BlidcMedex@inNdb Be hddKe dh&hben0zzl e in a refilling
position; Fig. 4 illustrates a bi-layer cooling process; 5 Fig. 5

i |1 ustrat eShes is fuligh Bisdlc3yi@Ereid@OInk BOprRIhQQACSSprisindd [Guralfly df SoBle HOReMb@WE &2 an
aligned nozzle; Fig. 7 is a sectional view of an aligned nozzle;
substrate, each nozzle device comprising:
a nozzle 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. 8 is atop view of an aligned nozzle; Fig. 9 is a sectional view of an
aligned nozzle; 10 Fig. 10 is a sectional view of a process of constructing
an ink jeworomzdse4 Fig. 11 is a sectional view of a proceeeTofUoconsbr ucti ng
an ink jet nozzle after Chem cal Mechanical Planarization; Fig. 12
illustrates the steps involved in the preferred enbodi nent in preheating
the ink; Fig. 13 illustrates the normal printing clocking cycle; 15 Fig.
14 i || ustr at esFig-Hellugtatds schernaticatly ofinge iprietheateiimgausyehteesitbing. 15 il lustrates a

graph of | ' kel Mg.@ﬁﬁl}?&aw@%%a‘a&% Q‘gi&gﬁwnﬁjgmpﬁre% Hirfng poslﬁ!org' 16 ' Ilustrates a
graph of likely print head operating tenperature; Fig. 17 illustrates one

form of drivingea e shescalyp sipgeapagmpsals ' ghillinegosiforyst rat es a secti onal
view of a portFigr ifktradh a binhyet @bling@fofks; ON Whi ch an ink jet nozzle structure
is 20 to be flprr;elg; Fi g ][9l illustrates the mask for N-well processing;
Fig. 20 illustrares H CaLPyoral “ VIR S¥>a portion of the wafer after N well
processi ng; FiKgeg 62la tof Vievedfratliesedaomglede perspective view partly in section

of a single nogiél-,leé\si %fegng‘%l %‘Y\ﬁdal‘ JREQGESRI NG, Fig. 22 illustrates an active

channel mask; 2 strates a sectional view of field oxide; Fig.
24 il 1 ustrat esFig 84y dfep yier o pedigned@osgieew partly in section of a single nozzle
after field oxgige is AefieSi VibwéFan Fighed ndR2tel | | Ustrates a poly mask; Fig. 26
illustrates a e%i onal. vi'[ ew ?f dego§i t ed Pol‘z.; 30 in'fg. 27 illustrates a

si de pi spect i V& W ISERFHAPLTSY 9 A PSS SReUSFINE 2SIk 8740221 e after poly
deposi tion; Frig.l1 B8 seclibrablievatf @ grogess ofi¢ensvaistiag atHink)jet rid@rlel aftériChitmicd Bigchanical
sectional view of n}a]ahm&fggt; Fig. 30 illustrates a side perspective view
partly in section of a single nozzle after n+ inplant; Fig. 31 illustrates
a p+ mask; 35 g g2 illggraes thegepp mraded i tegpeefarist enbodimeiingrrbeiirgiheine ef fect of p+
i _rrpl Fmt; Fi Ig 13% 1'3hiuu§{e_glag f)sm@pﬁfiﬁg@cl&%g%@gl&lti ve view partly in sect ikonF_of a
single nozzle after p+ i ant [ illustrates a contacts nmask; Fig.
35 i1 ﬁgt r at esﬁé lgéldfgﬁaﬁﬁg?“t@?aé‘ﬁ? ‘gﬁB&P%ﬁ“gﬂﬁ%& effects of depositing ILD 1 and
et chi ng cont acFig.ub dlustraldO HHhOLIBRT 4rifPGRA ApdORADAOBRwred Fig. 36 illustrates a
si de perspecti ﬁ?r{éhmﬁ@@l%f!ﬂ%ﬂ'f"ike'?ﬁﬁlg'_*1%#%“?%,@"“&94&; nozzl e after depositing

ILD 1 and etchfng contact vias,; . strates a Metal 1 mask; Fig.
38 il |l ustr at esFia |$8wttiagnerte fapn efdrisipnpringhephier mtfedioe of netal deposition of

the Metal 1 | AMENB illustrates a sectional view of a portion of an initial wafer on which an ink jet nozzle structure is 4

20 to 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 single nozzle after N-well processing;
Fig. 22 illustrates an active channel mask; A

- 25 Fig. 23 illustrates a sectional view of field oxide; }
Fig. 24 illustrates a side perspective view bartly in section of a gingle 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+ implang;
Fig. 31 illustrates 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; 4

Fig. 35 illustrates a sectional view showing the effects of depositing ILD 1 and etching contact vias;



5 Fig. 39 illustrates a side perspective view partly in section of a single
nozzle after netal 1 deposition; Fig. 40 illustrates a Via 1 nmask; Fig. 41
il lustratwe a/ossseti onal view showi ng the effects of deposipCirgokkids2 and
etching contact vias; Fig. 42 illust#ates a Metal 2 mask; Fig. 43
illustrates a sectional view showing the effects of depositing a Metal 2

|l ayer; 10 Fig. 44 illustrates a side perspective view partly in section of
a singl e nozzl Eigaftibystraet sifle Rrsgepogietipony in sdelign. of 4 Sngld lougtaft@tigssiang VLI 1 Zhd
mask; Fig. 46 illustgabesndcsfetional view showing the effects of

dep05| ting ILD 3 and etching contact vias; Fig. 47 illustrates a Metal 3
mask; Fig. 48 Figl{dlystesa Mstabbdtskional vi ew showi ng the effects of

dep03| ting a Meigads 11313&@&@5&&1&\54 view@howthd tHeleiféé%fﬁrﬁiaﬁﬁpc@-m& d#@le@/ﬁ(afslﬁgﬁlt' ve V' ew
partly |5n sectk:/on391 a si n%e nozzl e after netal 3 deposition; TFig.

il lustrates a Va3 R 2 SIES Ry™sPsyYeiviey gatly ‘aff-'égf’naof%a'agﬁ'eﬁaaﬁv.“@w ‘sq’i'ﬁﬂﬁﬁ“ﬁg t he
ef fects of depéwidliiihgtryeas Yiaabasion oxi de and nitri de and etchl ng vias; Fig.
52 illustrates F@ éﬁlllqﬁtraq)&r §e[8§&1£1lv}é§ s%'w? hg t c\e 0 1§m ltLg% ch% %clm[-zllglvgs nOZZ| €
after depositing passi vati on oXi dé an Fd 6 vi‘as; 'Fig.

53 illustratesF& ﬁe‘als'éﬁtesﬁé(@%”fﬁsb 54 il ust rat es a secti onaI vi ew showi ng

the effect of d@msmdsﬂrtf@a%ch%ﬂtvﬁCv sﬂo‘wtr@megmc@'oﬁd’eb(gﬁiné @M%la 14:&9 55
|IIustr tes a sjde gers ectlve view partly in section of a si n]% e nozzle

after depositi A YHLSHISE ¥ PefSPef‘a’ﬁlvﬁWPﬁil% ‘P PEON oY trele nomslepfies megly depositiant r at es
a actuator / b€igdtsalbmpensdia@rmaskask; Fig. 57 illustrates a sectional view

S ey ol B AL SRRk ALl B8R RAG, BB SRIPERBALDE

titaniumnitridé after etc tes 3 s pectl®e vi ew
partly in sect F'@ﬁ”cb‘?““é?tegﬁmyab?‘%‘zzl e after deposi ting and etchl ng the

actuat or o] aSSF@I‘Kﬂ 11%%5Qmﬂ%ﬁtv@k{owinktt@@l‘fé«!@ofﬁeﬁ&fu% M@M@ﬁ@er 30 Fig. 59
ustrates a sectional "view showi ng the

|IIustrltesa 4é;errask Fig. 60 il
ef fect 'df the G8pPodItTarye gfe Pﬁfsgea‘aﬁ“ﬁmf%w in pegiRer Hrgleapteltiatiy Moo Agrosson: Fi g.
61 illustratesFi Wiilterjeen ¥peciaskve view partly in section of a single nozzl e

ft d t h
arter epOSI i pg 5qnl%str pel tI‘;Tg:atlonal vxel(;‘:(/ hholxggxéEhe g%e%aC{ c!egcis&l?i% passnvat}{)g 8%?6 aB%laing?/?n W

illustrates a nozzle cha
showi ng et ched chanisehisg iviasit he sacrifici al layer; Fig. 64 illustrates a

si de perspecti ¥g s¢iifMaRaE bilidpelshc®R Sl PRk sichioPl; L eor ngf urther
et chi nggof t he Esacrl ficial plea&er 9 t3>q 5@312 P%%F&%%/gelg%é&r% Fig. 65

illustrates a secti d’ﬁ%ﬂva‘\?P@Wcsah‘bWPFga"aetﬁwo‘@‘ist ed |l ayer of nozzle chamber
wal |'s; Fig. 53 illustrates a heater mask;

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 after 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;

Fi

—

g. 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 Fi
Fi

g. 59 illustrates a nozzle mask;

=

g. 60 illustrates a sectional view showing the effect of the depositing of a sacrificial layer and etching
nozzles;

Fi

g- 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. 66 illustrates a side perspective view partly in section of a single
nozzl e after further deposition of the nozzle chanber walls; Fig. 67
illustratwe a/o0ss3eti onal view showi ng the process of creatipag/Aa®k2oi@bi gned
nozzl es using Chemcal 5 Mechanical Planarization (CWP); Fig. 68
illustrates a side perspective view partly in section of a single nozzle
after CVMP of the nozzle chanber walls; Fig. 69 illustrates a sectional

vi ew showi ng tFe 6Adngtiaes nwetivha dicw shoaingafleppsitty layakof nozle ghamf wallsl ust r at es a
baCk_ etch inl ei’ig.%%lﬁétraé?a led_eQ)prq]eétivle LflL:\Uﬁ;IrtliﬁL %@tioﬁoﬁaﬁsﬂ{giquﬁie atfdr fithe? Bé?)\%itﬂ)g of he
etching away of the sacrificial |ayers; Fig. 72 illustrates a side
perspective vi ew parttergzzleshaberiiabn of a singl e nozzle after etching away of

the sacrificiBb. 67 ay@fats a fett@nal Fidw bHolvidg the Bo@Ss dBlcrdtiflSseP BcHdIRG1zleY Riny CBMIRAT L | Y

in section of a single no e afte ching anay of the sacrificial l|ayers
t aken a% ong a di ffeﬁulee lla“‘?éﬂai‘af)’ﬁa“f"i‘{?g&g’lS Fig. 74 illustrates a sectional

vi ew showi ng aFip®3 #lugrafes 4 didegherspettive viek parth igsectith of 4 dingghozalk efer EME iofhbe nozzle
perspective view parfly. in,section of a single nozzle ejecting ink; Fig.

76 illustrates_a schematic of the control logic for a single nozzle; Fig.
77 i1 ustr at esFig @NEgraehpicgivanh viay phoningfhe poele mopmied of 2 Vdygblenkof a singl e
nozzle; Fig. 7Bgitblinstfad @Sk atlifgeand; or key of the various |ayers utilized
in thelﬁescri bﬁd7 / MEMS 20 i npl ementation, Fig. 79 illustrates the CMXS
|l evel s"Up to th& Emugfa}ewgmom Bry Shoutse e piefute ity e fETREME® Tevel s up to the
metal 1 | evel ;FigFR glust@ts a didewpsbpective siew peetlyGViBion efadingle uizk oftdr Brehingatval of the

| evel; Fig. 82 i"%iﬁ@}!ﬁﬁegg‘he CMOS | evels up to the netal 3 level; 25
Fig. 83 illustrates the ‘and MEMS | evels up to the MEMS heater |evel;
Fig. 84 il ust¥iat’é8lugraiags sidstrerspeaive vgh PArdhie pectiomplp sigls npazle pler ptettinagway of thele
plelrSpecti ve partlly isﬂrig@ma&magﬂaxangpgrfteie&rsedasn 48 | nk Jtelt head; Fit_g. 86f
illustrates an_enl arged view of a side perspective partly in section of a
port i 0111;l of an f‘ﬁ'IZ“jﬁ@ rate’f‘laesé‘éﬂo“agé‘e‘l‘—“ﬂ@f’”“éaiECiZfIF E‘?g P48 88 a nunber of |ayers
formed i n the Bgrsilluiats Odfide@brs@ctderiwe partyfin gectiod at 0firgle nbzzig ejediBg ink;| ustrat es a

portion of back sur of. feer L ng thr h. wafer ink supply
channel's; Fi gﬁg'gg?l{uﬁgﬁsﬁ {Cg%éﬁs{\(@%f gcﬁlpgl\géhgé%%ﬁ!{"g%% Zél?a’grrents in a print head,
Fig. 90 ill ust¥at’églugelenalPE aiploperiation pighecopiobiogiciofaeingleindasie:f i ri ng or der;

Fig. 91 illustgatesuscReBlch€@byofthe SiRG 15Rai AURRE & LRYCOGIERK Or der;
35 Fig, 92 illustrates schematically a single tripod containing one pod of

each célor: Fig. 9¥Rl§Mepaivrates schematically a singl e podgroup containing
10 tri pods; FiHg 794luithictst cabe evacheaesat porakley, the rel ati onship between

segments, firegrqyps,and,t 61}489%%1 w8 93 lilelvtlal;USt rates clocking for AEnable
and BEnabl e durt ng a typical pri nt pcyc? e;
Fig. 81 illustrates the CMOS levels up to the metal 2 [evel;
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;



WO 03/ 018314 PCT/ AUO2/ 01059 6 Fig. 96 illustrates an expl oded perspective
view of the incorporation of a print head into an ink channel nol ding

support swouwswisse4 Fig. 97 illustrates a side perspective PeTevwoparasby in
section of the ink channel nolding support structure; Fig. 98 illustrates
a side perspective view partly in section of a print roll unit, print head
and platen; and 5 Fig. 99 illustrates a side perspective view of a print

rol | wunit, prikg % 8adatesrd epll@ieenerspdeiig.vied @0thg indorpotatientof g print Biadiwtoax pk dded!
perspective view of ;@iifE ifdbord RldurdiNi t, print head and platen; Fig. 101 is
an enl arged perspective part view illustrating the attachment of a print
head to an i nkFig-d7 8y pEiATIERETPERIVE B HPARY Iskdigmofitie ik chiipd golg@e gRppriguctums; g
102 il ustr at esig @R ilQpeBeskide Pérspadtiaslvidd @Wy Of sedtib@ofQlptiRtsMG L, phihtdend @hd flaA€ind

aut omat ed bondfd %ill m shO\égm 10 in Fi %ure 90 Fi % 193 di | lustrates the
reverse si de of®tRAEEREHSC BHIPT N pEc LU ¢ BHR I ¢ h BRYAG F19PIChown in Fig.

102; Fig. 104FighoWsusaat¢shsdeexgiotadmpsspenad vievsahermialiamiv,ipewhel adl phaeaz| e
assenbly for Rk ] i L. & j A (.an; Figs.
105 10 107 shan a0k hirnifkd RIRERR ph e ARERLAPRE Raflokt of Hfl ERMLRE T o
of the nozzle 15 adisEpuspymyffoltpgphovmomFigyrs§6ani§® shows a t hree di nensi onal
view of a nozzgig 164 ili@Kat&QAR SfehddWhd phe vidh of thkoujeiostRidk Bitipe afomatebhded R s PSS,
on an (pl arged scal g, IJi]gpar ~of the array of Fig. 108; Fig. 110 shows a three
di mensfonal vi ew of "d#%%7K j et printhead including a nozzle guard; Figs. 11
la to 11 |r shByldhieeatditiweevsisodidelof i @usd odt tapé @psnatedibdnited filmBshokeie Figr ©2;0f a
nozzl e assenbl y.. i.nki.et pri - Fl 121 s .
sectional si de»i:\l/glc')fg\);\‘/ssg%fs qt rég %n'%ﬁshop chfﬁl}ﬁ"gkﬁg’gg tog%)rg);%ﬂ?:%%eé slyioigrgl%lt%g pf%%\/ﬁms how

| ayout s of ;cbReks WEadidvEha¥ar i ous steps in the manufacturing process; Figs.
114a to 114c show three di nensional views of an operation of the nozzle
assenbly nmanufrg! 105 &d0AHEOE thicd ginteMiohd).8cHamidd Atkstfioddf @Soperdih ofthdhodzle?; and 25
Figs. 1l15a to 115c show sectional side views of an operation of the nozzle
assenbly naseobaofkig.eth: according to the nethod of Figs. 111 and 112.
Description of -Preferred and O her Enbodi ments The preferred enbodi nent is
a 1600 dpi noddial08+mavwshitrdsidanepridnpitvie @ baohogald arradoestifubing an imdsgat prottadd; on i nto a
wi de variety of page width printers and in print-on-demand canera systens.
The print - head fii& lf?’émswtawlab%?d Solerpahpfdhegfray of Fig. 108;

M cro- El ectro- Mechanj cal - Systens ( MEMS) technol ogy, which refers to

mechani cal syst'&hs! "SI E PSAmRERHvEY S “é‘ﬂ‘d‘f‘8{‘“‘@%%‘é‘illld§}‘gﬁ§?zﬁl§g‘taéj(':hnoI ogi es
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integrgfiop afi.thg.diive electronics on the sane chip as the print head is
essential to achieve |ow cost. WO 03/018314 PCT/ AU02/ 01059 7

Figs. 112a to 112r show sectional side views of the manufacturing steps;
Figs. 11‘3va to 113k show layouts of masi(s u.sed in various steps in the manufacturing process;
Figs. 114a to 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 115¢ 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.



Integration allows the nunber of external connections to the print head to
be reduced from around 50,000 to around 100. To provide the drive
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is drawn i i@ u;g\ﬂed MEEdnEre G Behcrdasd ﬁB@s&r@ﬁodnﬁ‘K\e %Hgmh)éh Fegﬁt@nnglger;éral 35 The
operation of the preferred enbodi ment has a nunber of ificant features.
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ensures therm

of the ink around the nozz]e 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



probl em upon cool i ng during manufacture, thereby reducing the Iikelihood of
peeling during fabrication. This WO 03/018314 PCT/ AU02/ 01059 8 is
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cooling off a thermal actuator arm having two bal anced nmaterial |ayers 20,
21 surrounding a central material |ayer 22. The cooling process affects
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Next, the critical step is to chemically mechanically planarize the nozzle layer and sacrificial layers

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.



35 result, after chem cal nechanical planarization, is illustrated
schematically in Fig. 11. The description of the preferred enbodi nents wll
now procewo w134 st describing an ink jet preheating stegTp@eiabl y
utilized in the 1J46 device. WD 03/018314 PCT/ AU0O2/ 01059 9 Ink Preheating
In the preferred enbodi ment, an ink preheating step is utilized so as to
bring the tenperature of the print head arrangenent to be within a
predet er m med@rebound. The steps utilized are illustrated at 101 in Fig. 12.
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Hence, s he degree of. preheahl n varied in accordance with the
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and the equilibrium temperature of the print head during printing operations. Hence, the degree of preheating
may be varied in accordance with the measured ambient temperature so as to 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.



A sinple operational schematic is illustrated at Fig. 17 with the print
head 130 i ncluding an on-board series of tenperature sensors which are
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212, illustrated in Fig. 23. 15 5. Inplant the channel-stop uSing the
n-well mask with a negative resist, or using a conplenent of the n-well

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 below are part of the example ‘generic’ 1P3M 0.5 micron CMOS process.
L. Asshown in Fig. 18, processing starts with a standard 6" p-type <lOO>- 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 Si;N4 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, illustrated 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.
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regi on2%and d@‘deerihq%epwthqne?i@?gl%@emorli@fﬁf@epomt 0.6 microns of alum num
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Fig. 42 solg@\sEﬁEh ITeCorm met al portions 230 shown in Fig. The nozzle
0

region 231 Ts §PUELRBPUBE U Yh! sk shpvrin FreiOsThe porle Frgien |S§ea§é@$asprig@|kage and
i s etched as vigegidn, of agahet WEMbpsegrence. The inclusion of netal 2 in the

nozzle is MOtpERRBHiR s ofiMinifiGl PR S4YGe the
25 20. Etch the aluminum using the metal 2 mask shown in Fig. 42 so as to form metal portions 230 shown in’
Fig. 43. The nozzle region 231 is fully covered with metal 2. This aluminum is sacrificial, and is étched 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 ILD 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.
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the heater and the TiN layer of the paddle and paddle arm. This gap can be an air gap or might be filled

be 1ﬁtann10tl(€cate(£

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
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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
properties 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



conpressive stress. However, the conposition of BPSG can be varied
significantly to adjust its CTE close to that of silicon. As the BPSGis a
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density, high porosity, and a 25 high water content are all benefici al
characteristics as they will increase the etch selectivity versus PECVD
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30 of etching highly accurate holes through the wafer with aspect ratios of 30:1 and sidewalls of 90 degrees.
In this case, a re-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 all 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
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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 haveAmore obscure
relationships. For example, the wafer thin stage affects the cost and accuracy of the deep silicon ;:tch, 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:
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Control Logic

Turning to Fig. 76, there is illustrated the associated control logic for a single ink jet nozzle. The

control logic 280 is utilized to activate a heater element 281 on demand. The control logic 280 includes a shift

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

shift register 282 to the next until it is in place. Subsequently, the data is transferred to a transfer register 283

upon 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

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

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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as

axis oi the actuator as lllustrated in the examples, and preferably constant along its length. This results n 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 lbngitudinally would reduce the efficiency by about 20% ‘
compared to 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, Vs 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 351 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



Turning initially to Fig. 78, there is illustrated a general key or |egend
of different material layers wutilized in subsequent discussions. 10 Fig.
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5 nozzl e chanber 354. Turning to Fig. 85, there is illustrated a portion
360 of an array of ink ejection nozzles which are divided into three
groups 36W0-0386811i t h each group providi ng separate col or paatAIWR/0(05yan,
magenta and yellow) so as to provide2full three color printing. A series
of standard cell clock buffers and address decoders 364 is also provided
in addition to bond pads 365 for interconnection with the external
circuitry. R&;ﬁlcaﬁ&ﬁ}hﬁex@x@lll)mablgroup 361, 363 consists of two spaced apart r ows
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Composition

Taking the example of a 4-inch print head suitable for use in camera photoprinting as illustrated in Fig.
5 89, a 4-inch print head 380 consists of 8 segments 381, each 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




3 Pods ina Cw 0 3:1 305 2 699* 87.375* 7 889 111.125 tripod 4 Tripods
per 0 10:1 300 10 1270 158.75 0 0 O podgroup 5 Podgroups per 0 2:1 600 100
12700 158wW09301£310 firegroup 6 Firegroups per 0 4:1 2400 PROAIR2406593175 0
0O O segnent 7 Segnments per 0 8:1 19200 800 10160 12700 0 0 O print head O
Conmposition Taking the exanple of a 4-inch print head suitable for use in
canera photoprinting as illustrated in Fig. 5 89, a 4-inch print head 380
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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 I 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 tripéd 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 411) are organized into a single
firegroup 414, with 4 firegroups in each segment 415. Each segment 415 contains 4 firegroups. The distance

between adjacent firegroups is exaggerated for clarity.



t he groupings are made so that only 96 nozzles are fired sinultaneously
fromthe entire print head. Since the 10 96 nozzles should be nmaximally

di stant, WP mworplies are fired fromeach segnent. To fire a&Ch/ALD2A0B9
nozzles, 200 different sets of 96 noxzles nmust be fired. Fig. 90 shows
schematically, a single pod 395 which consists of 10 nozzles nunbered 1 to
10 sharing a comon ink channel supply. 5 nozzles are in one row, and 5
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x'1600). Rounding up to 10,000 lines in 2 seconds yields a [ine time of 200 m:crosecon s. A single Prmt

20 Cycle and a single Load Cycle must both finish within this time. In addition, a physical process external to the

print head must move the paper an appropriate amount.

Load Cycle
The Load Cycle is concerned with loading the print head's shift registers with the next Print Cycle's
NozzleEnable bits.

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 are 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



Segnent Firegroups per segnent 4:1 2,400 Print head Segnents per print
head 8:1 19,200 Load And Print Cycles The print head contains a total of
19, 200 nowploe®1s3sM Print Cycle involves the firing of up t@caldvoehidshese
nozzl es, dependent on the informatiom3to be printed. A Load Cycle invol ves
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during the subsequent Print Cycle. Each nozzle has an associ at ed

Nozz| eEnablie pfad8Greothe FringCyct)s fhisked dradrwistahieaNdaiiéBasblaMNe o @E li beifdrinted @ill be
nozzl e w lllnc frrlecrte during the Print Cycle. The Nozzl eEnable bits (one per
nozzle) are loaded via a set of shift registers. Logically there are 3
shift register$nqel 8 cehatsarcdedl 800 sidgefRClokk pliiet the mintngséfivteanistiprdee thae
shift regi&t8hthe Jere& L‘t%ren@erfe ikl o ﬁ[%aeadAstaq e;anene R Sﬁ@lgcktbglpee\full AR e,

alternate pulses. Internally, each ‘8 gﬁl ster 1s conprised of
two 400> de®f Y for the e’grPgrlb%lcs%% %ﬁﬁqoh?éo 5%9&40%2 egd S8R dhotseenf or t he

| ower noz Z$I&Soc}!¢:ﬁr’1]§e®ﬁl|ﬂﬁz{n§fer dRid, §1, arde/ s fof thefkxi Flﬁ)(E}&:iBQdcﬁh,mgf, E@dl,embﬂbﬁfl{]@bl,

regi sters. r.as,t ern n gce is concerned however, there is
a single 8@@?8’32501535‘7%'&%333 °§’f es th&@%’“ﬁf Rulsg 7 %W“I“t regi sters have been
fully | oaded (BBOngpuis@Pte thadthe ood arkileeen i Msand Y @utpytg lgibesh pededi daringalieadnee] 15

to the apPERRElA!& POGEL LTINS Ridciroubilife FAUAE sapqra@n%ryﬁ'as%&% s

transfer of 19, Once t trans aken ace

Oycle tan wétglthe PfﬂTHeaqusl wet! aopRaragiondhsveengzzes afliftereay Celoearfure%tbqaﬁwy will produce

si mul t aneo&bﬁsl o d@Brent IR B @Spakd) EhiPRladeldfferch@ alst B ac@dulltecN@lZ\ZHeE Eﬁtﬁr@l t& dbt_h %
occurs at e. e

nd
1600 dpi i e gihesd Sﬁcaawﬁelfferwé ‘"%esﬁjr"?cﬂ‘%s °H§‘§g"aﬁﬁ‘§‘fs“‘gr"f it ‘“’9’%‘6?5‘ T ihﬁ%@‘ h"? x
1600) . RouRdidiffgrenqss ¢ao bd @ik By Varintdxs Dy ndD, vegcoDdsthydigintsbeavetr roexles biviffeasht 200
m crosecon Rrintn. I t th
{1 i on v i QA o iy R, ekl S R00 oL M9 Bk ARG (el Bl 81
print kead ﬂ*eg%thqwetweramsfree%apfemenamofapmt@mdroatheﬁlarﬂmms Load Cycle The Load
Cycle is concerned with loading the print head's shift registers with the
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Print Cycle
The print head contains 19,200 nozzles. To fire them all at once would consume too 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.
* 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 are 4 firegroups, 3 nozzles fire from each firegroup. The 3 nozzles are one per color. The nozzles are
determined by:
* 4 bits NozzleSelect (select 1 of 10 nozzles from a pod)

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



data in the correct sequence for the print head. As an exanple, the first
SRA ock pulse will transfer the C M 5 and Y bits for the next Print
Cycl e' s deoD 0¥/01800, 1600, 2400, 3200, 4000, 4800, and 560@CTHI®25630Nd

SRCl ock pulse will transfer the C, M24and Y bits for the next Print Cycle's
dot 1, 801, 1601, 2401, 3201, 4001, 4801 and 5601. After 800 SRC ock

pul ses, the PTransfer pulse can be given. It is inportant to note that the
odd and evea P6dgrd\bB adadesYrofaun PidfrSups &lsptemughh@mmredagufelde;gndsbemsamsnyl?fl nt

Cycle, do pot ar on p
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separati oanbeﬁtBthmBE@blese eharde lirkein erdtr tmothofimg @uiss ra@ Sverlla Thus Hhe 900pihksks of
roduce dof g | f must
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be account ed ainto he act ual
difference in W?“fi’é‘g‘oﬁlfﬁ'éﬁd@aké%ﬁpt’fﬁ’émﬁtﬁa#oﬂéft“é‘i’sF‘:@t’qsé’s‘e@\‘ Thiaé npiriergblem sinesel i n

the print &@atin CTRE ks bloakiaReRsdsCh kg di’@fxdzﬂ@ﬂsoQYus&%Eﬂu@tml&@ fobh hrﬁi&QuQZ
where D, is t'?jg di stancgﬁabet\ﬁ@en npzz erent _colors g ely val ue

i
4 to 8), alfsesommppik TRVER ‘éjnisrf?8?2’fcl’é%°“6?a“f%éfer§&H%‘h&%’ 8PP Kel v
val ue = 1) nozZawithin thdsade B dWBsegdamiyckdd Sring barnsdes witgdla fod sipelg Beottsetdy afleag thr i Nt
head on th r ine i ne Do
(e ot okl SheascRHieS 3 b3 of oot MR R0 pfeat Mo PRl iRy
N+2D, +12  gengrhernextaripqd @Sthopop PP HE He2 arcHl O mpods (roeSsi2n ped gD suBROSHIriARD, +D2
800S+3 N+ 21@;151"@3 b&@'@ % SriginANtHpod huf Mireli@ hextihiee R2HesPtHe 9 @ifing ilth1Sa1ER0 meRI Ok

pul ses (each cl ol((: pul seﬁéransferrl ng 24 bits) nust take place within the
200 ni cr osBEBAYE Tef‘lﬁ’ét'f"F 8 merste1%re the average tine to calculate the bit
val ue for eachCabequéddy, thh@rink®rd209 nozzl es nmust not exceed 200 m croseconds /

19200 = 10, nan?rﬁ)?ggl%g? N%&%ln& r&i,h%% Lo CﬁSEd into the print head at a

maxi numrate o the data in 80 m croseconds.
d ocki by the dEiradSelept ldﬂozdemoﬂﬂaﬂesﬁe@(ﬁ)t he data in 200 mi croseconds.

Print Cycle TheijkdeRt: 2headeRRALAHARs A%dd0 nozzles. To fire themall at
once woul d consune too nuch power and 25 be problematic in ternms of ink

refill and nozzle interference. A single print cycle therefore consists of
200 differ entTrp:Iadﬁi:e&9 I@ﬁzlmmmmﬂﬂagesdiaﬁtﬂant nozzles are fired in each

phase, for,a tpt bits TripodSel ect (select 1 of 10
tripods from a rfplocrlsee%r:tc()) Z%%%leggéﬁmeqzéfnd%)fl red each round equate to 12 per

segnmen0 ( si nceTraJOﬂSE?;etgnf‘éfmlssffaqﬂé(R/hatfeed agiB)t o accept the sane print

signal s). Jhe 42,.80%&he% LERM 3 (@H.¥ER .28gMENt come equal 'y from each
firegroup. Since there 30 are é firegroups, 3 nozzles fire from each

firegroup.” The~3 nozzles are one per color. The nozzles are determ ned by:
4 bits Nozzl eSeipeadeletsal@atsekctofPnilds nomizd)es from a pod) The duration of the

firing pul se i i t bl e, and, BEnabl e |ines, which fire the
Podgr oupA WO 0%)%1%%%2%&7 g i‘ﬁ%@ dgaﬁ and PodgroupB nozzles fromall
firegrdups reshactitpbdse A afhB catioralap Fhe dfatien e bee wilbgienas dero ishey pivscdi t y

of ink viscosity (which changes with temperature). Fig. 95 shows the AEnable and BEnable lines during a typical

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



t he i nk (dependent on tenperature and ink characteristics) and the anmount
of power available to the print head. The AEnabl e and BEnabl e are separate
lines in wodamigsmat the firing pul ses can overlap. Thus treT20®2phEses of

a Print Cycle consist of 100 A phases2sand 100 B phases, effectively giving
100 sets of Phase A and Phase B. 5 Wen a nozzle fires, it takes

approxi mately 100 m croseconds to refill. This is not a problemsince the
entire Priddcofaptdre ddakes pZIgeQwﬂlfilQlS Q}Sl&t@l@ldﬁ]stanTMrg& irfebpagivedf i hEHD:Z?elsxﬂwEﬁ)‘ SO
causes perturbatlons for nk channel of
Chat moosl e g miemys et Sre BaroT S Pulbte foR phel B FRE B

anot her rozdat e litioghphiv ahh@ching N@iapasl . ThiSalivse die eamtrblier tohdjest the pulsagiddf nozzl es
within a pod §h9¢‘€| d be offset by at least this amount. The procedure is to
therefore Tire three nozzles froma tripod (one nozzle per color) and then
nove 10 onto the next tripod within the podgroup. Since there are 10
tripods irfreeyyMyén podgroup, 9 subsequent tripods nust fire before the
original tri pdde prirsibg droces hastastrane jebdetdyresnypothzdqeisbrivihanprafurer Targsureniaethw al s - of
2 mcrose
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A and B) esbemmtweame s This ingrsomnlisied Wiz PrefettPldises A and B)  Tri podSel ect -

2. Nozzl eSel eCIthe ﬁrel(ﬁh%ﬁ@ﬁvd@veaﬂﬂngﬁhoad-@yclﬁ atBebRet with 1s N@ZsZthﬁgSﬂﬂn&ﬁks @ fifePhases
A and dSel ect

| ect. .0, Nozzl eSel ec Pha
N0z oo e o i b ol Ry orey Pt 886 mh: RES vy b H8Pbnases
A and B) drops.ibpeodseh ©btat & thdNokzir@Bdihgetbd he@erf. Pltageher aBoua AP pBlpes for fach pedSet ect
9, Nozzle t 9. ases A and B can overl ap.
The dur at ?o(i#ﬁ&i cyglmé rP&gl?% uﬁsmqgc@r{?%% Ng%dgrdtpgﬁtcg??ery power and ink
vi scosi ty (whifetibechdvige de Richaat 't“@ﬁjﬁéfoéi‘fi'ﬁ‘rbé)“e"ﬁ 3d cagnughisiien eHdibAEhabl e and
BEnabl e | i@gsratiberid r@gh@ dopiizeat aboPrahlaltempy&Id@ratld%e)embae&aﬁxoama}rh&rdamm head
The prlnt head produces seyeral |ines of feedback (accunmulated fromthe 8
segrrenlt s).™ ﬁeé(’"ﬁ%é‘bdﬁé'&‘??‘“’ﬁ%mlafcﬂ’g%m%‘éiﬂ‘ g '"‘ncé’g‘a“t%“ adj ust the tining of the
firing pul ses. Al though each segnent produces the sane feedback, the
f eedback fHrorHead Intefagfemtay share the sane tri-state bus lines. Consequently
only one segmemt pd: hadd hds (R fallawing hvicde feedback. A pul se on the
SenseEnabl e Iine ANDed with data on CYAN enabl es the sense lines for that
segnent. The feedback sense lines are as follows: Tsense inforns the
controller how hot the print head is. This allows the controller to adjust
timng 35 of firing pulses, since tenperature affects the viscosity of the
ink. Vsense informs the controller how much voltage is available to the
actuator. This allows the controller to conpensate for a flat battery or
hi gh vol tage source by adjusting the pulse width. Rsense inforns the
controller of the resistivity (Chnms per square) of the actuator heater.
This all ows WO 03/018314 PCT/ AU02/ 01059 25



the controller to adjust the pulse widths to maintain a

I rrespective of the heater
t he w dt hwofoswmssicriti cal

resi
part

stivity. Wense inforns
of the heater, which may

to lithographic and etching variation®. This allows the
adjust the pulse width appropriately. 5 Preheat Mbode The printing process
has a strong tendency to stay at the equilibriumtenperature.
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Internal to the print head, each segment has the following connections to the bond pads:

Pad Connections

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

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

sections has 63 Apads 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")

Pads
No. Name Function

1 V- Negative actuator supply
2 Vi Negative drive logic supply
3 V+ Positive actuator supply
4 Vg Positive drive logic supply
5 V- Negative actuator supply
6 SCik Serial data transfer clock
7 V+ Positive actuator supply
8 TEn Parallel transfer enable
9 V- Negative actuator supply
10 EPEn Even phase enable
11 V+ Positive actuator supply




Wense 1 Wdth sense Logic G\D Logic around Logic PWR 1 Logic power V-
Bus bars V+ TOTAL 43 Internal to the print head, each segnent has the

f ol | owi ngwoaanesstid ons to the bond pads: Pad Connections ARcThawglisa entire
print head has a total of 504 connect?’ons, the nmask |ayout contains only
63. This is 5 because the chip is conposed of eight identical and separate
sections, each 12.7 mcron |long. Each of these sections has 63 pads at a

pitch of JU0 mCcrons. TNRLE 1S alNperid.@ o0 mcrons at eacn end of Jhe group
of 63 pads—resultling in an exact repeat distance of 12 700 micraomps (12.7
mcron, 1/]2") IPads [No. NaRRe Func{ OddphisevhabMegati ve act uator supply|2 V5,
Negative (rivesl ogiic suppby 3 ViNHaslehtitorappiyat or supply 4 Vdd Pgsitive
drive | ogifc supply| 5 V-yAYggal 1 VENGGLE ARk (GUPRYy © SO K Serial data
transfer gtoc 7 Y¥ POST{ I Ve ac B %j%m—ﬁ—rrmer
enable 9 v KlSgativc & A jg“tHéwaﬁ BN ven—phase—enable—+] V4
Positive getdater \nnn'Uij@iﬂgfﬂ'§§f%A9%*ﬁEQgiﬁaig59__21_hb*_hkumL—
Functi on J2_CPEn Qjd nhaQﬁ enabl eNegtivgactngiosanpplye act yat or supply 14 NA[ 0]
Nozzl e Addresd8[0] [(in ged} 15 \MNoRgiddress &) fupadht or supply 16 NA[ 1] Nozzle
Address [1] (118 pod) 17 W Negaf pseivatuataisepplysuppl y 18 NA[ 2] Nozzlle
Address [4] (i20 pod) INAMH Posi{ N¥RleaQikdiRlin sodpPly 20 NA[ 3] Nozzlle
Address [3] (izp poq) V- Negative actuator supply
22 PA[O] 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 V- Negative actuator supply
30 PGAJ[0) Podgroup Address [0]
31 V+ Positive actuator supply
32 FGA[0] Firegroup Address [0]
33 V- Negative actuator supply
34 FGA[l1] Firegroup Address [1]
35 V+ Positive actuator supply
36 SEn Sense Enable
37 V- Negative actuator supply
38 Tsense Temperature sense
-39 ) V+ Positive actuator supply
40 . Rsense Actuator resistivity sense
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 D{M} 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 Q[M} Magenta data out (for testing)




21 V- Negative actuator supply 22 PA[0O] Pod Address [0] (1 of 10) 23 V+
Positive actuator supply 24 PA[1] Pod Address [1] (1 of 10) 25 V- Negative
act uat or wopploys31i£6 PA[ 2] Pod Address [2] (1 of 10) 27 VPCRodioRiows9
actuator supply 28 PA[3] Pod Address2§{3] (1 of 10) 29 V- Negative
actuator supply 30 PGA[ 0] Podgroup Address [0] 31 V+ Positive actuator
supply 32 FGA[ 0] Firegroup Address [0] 33 V- Negative actuator supply 34
FGA[ 1 ] HITegrLoup [ATOT €85mel IL  PRuWio FOSI L1 VE actuator supply 30]SEn
Sense Enalle 37 V- INegative actuator supply 38 Tsense Tenperature|sense 39

V+ PositiVe. a&Gtuatior supply 40| Rspisecuhoi sigplpr resi stivity sense| 41 V-

Negati ve dctuasor supplyQd2 Wensalohahs al @ér wdtich h sense 43 V+ Posltive
ac': uator qupplsy 44| Vsensg, Power SHRRLYaNRbiAgs Sense 45 V- Negatl g] o
actuator 9 POST an
serial datfa—r49—y—Negati-ve—ae DEBOE AYEloBC Pl o M \hgenta ser{al data
in 51 V+ s ¥ ceang d 5 i i b3 V-

[
Negative dctu®faor supply Vebd d C| Peyidedryalosic swely (f or testing) 55 Y+
Positive dqctudBor supply 86 0 M [ Regesdcaatdatmlyout (for testing) WO
03/ 018314 PCT/ AU02/ 01059




28 No. Name J Function 57 V-

out (for t

| ogi ¢ supwioy3/068B1V-

esting)

Negative actuator supply 58 d VY] Yellow data

59 V+ Positive actuator supply 60 V55 Negative drive
Negative actuator supply 62 Vdd Posi tPicresweiovws| ogi ¢

supply 63 V+ Positive actuator suppl3? WO 03/018314 PCT/ AU02/ 01059 29

Fabricati on and Operati onal

Tol erances Paraneter Cause of Conpensation M n.

Nom Max. Units variation Anbient Tenperature Environnental Real-tine -10
25 50 C NowzchenRetbdpstidmiTorgha@phi ¢ Bri ght ness adj ust 5.3 5.5 5.7 micron
Nozzl e Le OCessT g Brijgd] , ro NOZAZH e 1P
Cont act A Q,FH g’% ocessi ng Br| ght?ﬁ%gf adj us?en¥aé 11( @g adcll\élkﬁ?c dldjmtS
Li t hogr aplpe—Br=gitt=ress—ad S=8—10=—0—2nreron—TpodeTEharyer—Gas
Li t hogr apt @m ﬁf’ﬁﬁﬂ‘?%%‘{rﬁ j:ldl L Qﬁnvtrpngnen@l RFalﬁm}fh craon hher? RadiXs °C
Li t hogr aphiNezaBrRagiit ness ad] UstLitgraghiq 1. Byightmespadivitcf or-3 | hl 66 Ar 84 | micron
Li t hogr apliNozABrlieghi ness adj ustPro®e0g 6 0ightbddOadimstcf 0105 | nhet [Larsgt|hmicron
Processi nq Ngedigghp 0a%st AdleUSt] 285cea@ J0highthdss Qs [nlied Pt e gnghe o
(re- ent r Lo @ERSST 10 BT OM s spAl [Bhnl: @81 [95:0_[CHPEES 107 4ahRToy
et or ol 5 [ e oge o T B s ECICof YPLED T [ hig)
Mask desi g FE%PMT%%HS 550 Cpa | Ljthographicy] Brightpessadiust [ S 0Q8 (L 110 1o 1] REN‘;F?“RF50
5500 kg/ Inlgtdsgaer CTE Mat er|i Alteostophis sightpgss agjust @ 3508 F 60 ¢/ 300 hemicrop’
W dt h Lit Qhddetdpizibc Real -t i ng 1Prddsssing 25 BrigBbesyadpston 2Peal eB00Lgnddh | micron
Li t hogr aphilgetBemngleientddt) 9 |28PrBcekdthg 1 |IBrightadds addat yab@s (@ @ss |Thi.LKHNn@ges
Processi ng HEEEGMIRRES ad] UST| TpGhcdin 2 REalliner N 955 Vouyny'[S 1M JUkKRn
[Pt b CHERE R 50 72 1900, O e VT S| TR ORI - ©
A.Ct uat or t "“"Y”C‘ V s hl-ggg@wrl §‘:°° Vask 988l 1 o oa&g ﬁp‘f)“’ d‘éw "?;‘ a_ Bénd
Cancel | i nq Healydlenssy ocessi ng |Br Mlstitins g Makdegign 0 of 3408 || 180 1 2500 ke/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 279 28.0 28.1 micron
Actuator Glass Thickness Processing Brightness adjust 1.9 20 2.1 micron
Glass Young's Modulus Materials Mask design 60 75 90 GPa
Glass CTE Materials Mask design 0.0 0.5 1.0 10°%/°C
Actuator Wall Angle Processing Mask design 85 90 95 degrees
Actuator to Substrate Gap Processing None required 0.9 1.0 i1 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 -10 113 13 micron
Chamber Wall Angle Processing Brightness adjust 85 90 95 degrees
Color Related Ink Viscosity Materials | Mask design .20 | Nom. | +20 %
Ink Surface tension Materials Programmed 25 35 65 mN/m
Ink Viscosity @ 25°C Materials Programmed 0.7 25 15 cP
Ink Dye Concentration Materials Programmed 5 10 15 %
Ink Temperature (relative) Operation None -10 +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 \Y%
Drive Pulse Width Xtal Osc. None required 1.299 1.300 | 1.301 | 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 \"

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



Lever Arm Length Lithographic Brightness adjust 87.9 88.0 88.1 mcron
Chanber Hei ght Processing Brightness adjust -10 11.5 13 mcron Chanber
Val | AnglwoRsotssssi ng Bright ness adjust 85 90 95 degrees PCColwre/oRsbat ed
Ink Viscosity Materials. Mask design 320 Nom +20 % |Ink Surface tension
Materials Programmed 25 35 65 nNm Ink Viscosity @25C Materials
Progranmed 0.7 2.5 15 cP I nk Dye Concentration Materials Programed 5 10
15 % | nk Headpeipaisitior lafer, e}naerit\eel);crﬁneﬁaahégogblé\Efeet effdc@orhetbkRl aQuatdrrTMeRrs@t&aylre

eration Pro Ivaterlals Pr +0 +2
TRCLR' " ant SRR TRk s SR R s 2T % B0 MR Sl BB ol R SRS
W dt h Xt al inGgecthe Ropreatyregnge P 8CtoB0Z99 1. 300 1. 301 microsec Drive Transistor
Resi st ance Pro t.
oy ocosal o o f@gfapaaoégxg gngd alob gggﬁefgeﬁﬁé%&eag Aé\gtfﬁgér%y Gt il sin E%pfzrp erat(uI '\Q
Real -t itre PaygxpeepThs 'SS‘VP'Y vakainat PsOb (GRRCH U STeasSYs thTé‘ﬁi?éWé?t“élfaéﬂ'Fhe thrmarfnce
consequencensn fals. Qslaaiag@coblﬁ A R enteRIBPRK Bt Ui tRe doSzid if\Atde LRy ehter. \Ho%ﬂas ey

end actuator responds only

and surface tensi

di f f er ent i IPVPERD ‘F%PW@“%H% %@‘B‘F‘IA’?"H‘@“‘%‘E%‘IP%%‘F raniethe e ‘H‘é“’\‘)@“b‘@‘?ﬁm 14
PCT/ AU02/ 04058:hind Bre birilel - clangeesvsiashdr® Mhisanperof thaiwk meveinedt @nidert eicuite@ 41 Aigher

negl i gi bl e he bend actuator. The resistivity of the TiN
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The temperature of the 1J46 print head is regulated to optimize thé 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_;] 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 the 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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air within the three chambers of the baffle unit to escape WhllS[ ink remains within the baffle chambers due to
© 25 the hydrophoblc nature of the holes 455. '

By manuf'\cturmg the ink distribution unit in separaté 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
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Kanji). Higher resolutions are possible: 2,400 dpi and 4,800 dpi versions have been investigated for special
30  applications, but 1,600 dpi is chosen as ideal for most applications. The true resolution of advanced

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

Excellent Image Quality

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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Falerying

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 1J46 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.
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characteristics such as water-fastness. For extremely high water-fastness (as is required for washable textiles)

reactive dyes can be used.

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 six-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.
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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 1J46 print heads

together. The edge of the 1J46 print head chip is designed to automatically align to adjacent chips. One print
head gives a photographic size printer, two gives an A4 printer, and four gives an A3 priner. 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 reduce the possibi]ity of paper
35 Jjams. 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.
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A iypical 6” x 4” photograph req\iires less than 20 Joules to print (including drive transistor losses). Four AA
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
1J46 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 IJ46 print head senses the supply voltage, and adjusts actuator operation to achieve

30 consistent drop volume.

Small 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.
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printers. A photograph printer is 106 mfmmx 7 mmx 7 mm allow ng inclusion
i n pocket fjugﬂroce C caneras, pal nmtop PC s, nobile phone/fax, and so on. Ink
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phot ogr aph Pthl dlmer!’smns 1146 print heads 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 less complex than a

typical 0.25 micron CMOS logic process with 5 level 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

1J46 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
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The very small dr.op‘ size (1 pl) and moderate drop velocity.(3 m/s) eliminates satellite drops, which are
a major source of image quality problems. At around 4m/s, satellite drop's form, but catch up with thé main
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.



Devi ces cracking during manufacture are a critical problemwth both
thermal ink jet and piezoelectric devices. This limts the size of the
print heawotoamissia i s possible to manufacture. The stress@sTiAtwelovwsd i n t he
10 manufacture of 1J46 print heads ar® no greater than those required for
CMOS fabrication. No Scan Banding 1J46 print heads are full page width, so
do not scan. This elimnates one of the nost significant image quality

pr obl ens ofto MRkirekted Dps Nt ers. Bandi ng due to other causes (m s-directed
drops, print hgageald SEeREmihdd b#f@y@rl)\!ié_{on%fﬂhﬂ'?i'mfa'r&%tle READLEM JrfleRARE

wi dth print heads. These causes of bandi ng have al so been addressed. 15
“Perfect' WE3Lfe dmp peirihidmprinahepd wface Heegingy Yegedha fydrprhpbigeoping itcompigipisedr e
aligned to sub-mcron accuracy by the 0.5 mcron stepper used for the

| i t hogr aphyo THerrtah€roghiiknt head. Nozzl e alignment of two 4" print heads to

nmeke ans A4 pag@heifagihdine altididd ard Va@Eizdasn BHIERSESheMnt hat iRME e@l st fne ¥EL Rab el
alignnent features on the print head chips, This allows " automated

mechani cal *“BPGRTER{° Y- @gﬁf%‘ﬁ/‘hfjb@ﬁ’ﬁ AGraE GRSt 46 R Beagdn hpditfusigar ey t o
Wi thin 1 mcakomo adjdcert idifors2ffec@lbbtl mMEBdater lay@r 4n@ €hid bén@dankdlling & equallyZ Chas no
applicatio 4" print heads. can,be. aljgned optically. No Satellite Drops
The very s‘%ﬁ Pr e F’EagdlgPozsglm(%ﬁlﬁrlﬁuagﬁglmﬁ%ﬁig{ﬂ% aelcg)ésct)ag('vel ocity. (3 ms)
elimnates satellite drops, which are a major source of inage quality
probl ens. MW FluidioGresstaliy s, satellite drops form but catch up with the main
drop. Above arEungmultagzomdySiredsadzielid a theend o0 m@ramlang tnk indet stetied @ioyghotie

vel 0Ci L i eSufGhALLKEThL: hifieBRE RonflcPro 16e ifnBAN Bl AR GORGERA 1y satellite
drops which have a negative velocity refative to the print head, and

t herefore %’f"éﬂ“faé?‘tvefwa’geﬁﬂ}%‘i’tﬁé‘dy dtsctehionsiectitn B &tk irlfoacler Milsse ar e
difficult to avoid when high drop velocities (around 10 ms) are used.
Lam nar Al Ko §ttuomtaildiesshi@w drop vel ocity requires lamnar airflow, with no
eddi es, to achigve, Qaadn H0En PAREIREC Bht fR. Pddediot ocdl i B T hedfi S 1S
achi eved by the design of the print head packagi ng. For "plain paper’
applications and for printing on other “rough' surfaces, higher drop

vel oci 11 esPHPEUBEN PAB| ¢, Drop velocities to 15 m's can be achi eved using
vari ations of THedJ46lewit bpadsthmhsmerimansatly install4ds Thirgksasjalidally lowernthqmifdaetionewst B col or
phot ogr aphidgsuRhiiddl as tH 8k SEnalik lidds bt feeloSnc B MERCI ty, and 4 col or

pl ai n- paper print heads with a 15 m's drop velocity, on the sane wafer.
This is becayse both can be nade using the same process paraneters. WO
03/ 018314 A2/ 01059 40 No M sdirected Drops M sdirected drops are

el i m nat ed by ¥9#eti99esduss bpurefinkesotverit @ndr impyrisiesd i A distifrantmeppizmevith Rppblelst 3¢ event s
the spieagh®thedmaOriGR pARHOSS LK inPHchddldo hRAle BULEBERR, ds the (R BONBeM 8R4t he
hydr ophobi ¢ coating is conprom sed. No Thermal Crosstal k 5 When adj acent
actuators gggawetr}%rgi zed in Bubblejet or other thermal ink jet systens, the
heat from ohe”"&¢fuator spreads to others, and affects their firing
charact eri sti cEosiqmfaysefidy thsiolpt collapg &t bupflestis agether probleiythptlignity Bnie offubiiddtor to
adj acent agliymtQkcsmaink RCrst Haats 146 Pen head @mod haysetis @atknd Rauwkensbeianeel | i ng

| ayer equa}ol%,d so has no effect on the paddle position. This virtually
el i m nates thermal crosstalk.

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 1J46 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 On chip contacts and vias to the drive transistors carry a peak current of 1.5 mA for 1.3 microseconds, and a



No Fluidic Crosstal k 10 Each sinultaneously fired nozzle is at the end of a
300 micron long ink inlet etched through the (thinned) wafer. These ink
inlets arwoasomset ed to | arge i nk channels with | ow fl ui diPcTrAasR®I@EACE.
This configuration virtually elimnatles any effect of drop ejection from
one nozzle on other nozzles. No Structural Crosstalk This is a conmon
problemwi th piezoelectric print heads. It does not occur in 1J46 print
heads. 15mBenumnsende oPn2 mia. head The 1J46 print heads can be pernmanently
installed. This dramatically |owers the production cost of consunmables, as
t he consung?hg(gges not need to include a print head hb Kogati on Kogati on
(residues o rnt in sol vent, and inpurities) ni fi cant probl em
wi th Bubbl ej et '&r?&“‘ezrﬁ SR AU H R mad Qkelpspind rrrarn “'Hlé?a -} PABCHE FHtMih eads
do not haventnonis upd sbtcarmatisithatriadayes kn (NBONQlvicdi B(ﬂcmdtg{ralbﬁah@ﬂy residNne avi tati on
Er osi ony ca&%%? by the violent collapse of bubbles is another problemthat
limts the e of Bubbl ej et and other thermal ink jet print heads. 1J46
print heads do not have this probl em because no bubbles are fornmed. 25 No
El ect r omi gNaEk@gilydp netals are used in 1J46 print head actuators or

nozzl es, whi chTigri it in cataygt vib raectical predneflQsoaherd in@retectrdlBisno pr obl em wit h
electronigration in the actual ink jet devices. The CMOS netalization

| ayers areNge§&gped to support t he required currents w t hout

gl)ﬁg;[ :jglmatgr g;;gg?ﬁtugtgr rﬁovglgglhg% thin gﬁll’“i l{rrgts,ﬁa(\%,\e fl; matf:rlaf(l:J%Ifll L%gagngls{r e isno

swi t chilhg. faB@eRel i abl e Power Connections Wile the energy consunption of

1 J46 print heads are fifty tinmes less than thermal ink jet print heads,

the hi gh prénpicispeed and | ow voltage results in a fairly high electrical
current consunpfi.on., m&?‘ére?&%ﬁ cg\)g{hggrs no k@kn@ Photographic 1J46 print head
printing in two seco roma 3 Vo 1y Is 4.9 Anps. This is supplied
vi a copper_ busbars to 256 bond pads along t he edge of the chip. Each bond
pad carri e¥°2iHeki mum of 40 mA. 35 On chip contacts and vias to the drive
transi stors cafhey4appekded G desigeqtto dimirbte Stiond, § ppbldm @mmos oseCBMS devad a WO, |
03/ 018314 SUTADOL0Bing Ao THERAYRS BBy deurlih i NAERE 081 80, TNe
nozzl e and actuator are entirel or ne fass titaniumn

(TiN), a ctrireetipPiges Ipde Hae ermt@e%ﬁ\smdg}leweeﬁen &l oy APlE indhcisehtrapasliniinaring teey er s
in CMOS depd@ies-sulBedds:itih Shictah s @Rl gbénfoun@sd St ant to 5 corrosion. No

El ectrolysis The ink is not in contact wwth any electrical potentials, so
there is nQ08$§8£r0| sis. No Fatigue

opagation
The stresses applied to the materials are less than 1% of that which leads to crack propagation with the
20 typical surface roughness of the TiN and glass layers. Corners are rounded to minimize stress ‘hotspots’. The

glass is also always under compressive stress, which is much more resistant to crack propagation than tensile

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. 146 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



Al'l actuator novenent is within elastic limts, and the materials used are
all ceramcs, so there is no 10 fatigue. No Friction No noving surfaces
are in cowDactisse® there is no friction. No Stiction ThepcIadopoiosd head
is designed to elimnate stiction, a 4roblemcommon to many MEMS devi ces.
15 Stiction is a word conmbining "stick”™ with "friction" and is especially
significant in MEMS due to the relative scaling of forces. In the 1J46
print headsawinje paddl e is suspended over a hole in the substrate,
elimnating the paddle-to-substrate stiction which would otherw se be

encount er e ion The stresses applied to the materials are
| ess t han %Eho%zzggé%l} Pfé“fi% %ds to crack ‘5 ga%gtl on with the 20 tﬁ)l cal

surface roughn Ragnd® grivs Sia%ﬂ? PEESYTR L icallyhayeap ifyeiae e
m ni m ze strouad 20 mih efusiP)aiesised. THiEds begdugeStse frist hazldSso‘stﬂdhvﬂyﬁngurgdﬁﬂenmﬁlrmlﬁc&ﬁ&l ve

str ESS,S V\'h)\l m!an%ber(%% su {s?s no?%gca gsntE tO r(l:ore?gt cap &a%at ll%epwcen ﬁﬂtaﬁ‘ re tlgl%rgs

stress. ectrica urred Piezoel ectric )6 pol ed
after t heyseéFPe('E't qfefrchefiﬁlpmtbeaﬂi’nemqu ivith preingiepadr F’LPQ!ULFF gVingldni‘ayerpgs| ¢f @ @rint Agds
requires verkphi@h electrical field strengths - around 20.000 V/cm The
hi gh voltage requirenent typically limts the size of piezoelectric print
heads to ound 5 ui_r i 100,000 Volts to pole. 1J46 print heads
require ng{“ﬁ%'f“foﬂﬁfﬁ’wk(;"]% asf“ig'ng: MBj f f usi on Rectified diffusion - the
formation of bidfFriedieadhistegrese 2RI e colpsP wguind entasenlarhin s canng beropy wiblpesn t hat
30 pri poari kithaddd shédter ifM j@zmloREkd i C i nk jets. 1J46 print heads are designed
to prevent rectified diffusion, as the ink pressure never falls bel ow
zero. EHi y n 9; ! he Saw Street The saw street between chips on a wafer
6 yo n

is typical crons. This would take 26% of the wafer area. |nstead,
pl asma et chi ng”‘i%?“l?fé‘é‘ﬁs dqnabyEly P7 Hynf preRertigs fopdron Gstiaalplsicandiedased opyaer o) s o

el i m nat esmibioaala@e ol ivdritg alhod VIOK, B3 kit REXEL, ALK 10O 11461[3m8tawS B4h.be

:_Io?ng?gg?gm/a%g% X ksr?;[vg‘rggwq d St qp{)m& y an<} ﬁur aCﬁ%\r}Séonaﬁnsl lér)faasg%mﬁcanf ?act(fsrdnaz{llg‘w%%md 20

mm squér e) vide mngg skagplicTtipns |s because the print head is “stitched' wusing
ei ght identical exposures. 5 Alignnent between stitches is not critical,
as there argifpaekes i saHdgeonnecti ons bet ween stl tch regions. One segment

Of each of 32 e :ppl%’t]th ﬁgcj:gaémgls dg%ggﬂoggs&rpth alri'ow 1S Be?rhn??)p EH{te:eé(c}O?O¥#\1£]9 an

“average' of 4 er ‘exposure. egration o on a
Si ngl e Chi lplpqﬂﬂallfBaSGqur theelelee qon'ldegafﬂel@ Enagy qualt9>deP wehecmhlbdrep sizequi red onto a
single chip. This cannot be done w th page

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
usi-ng 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 1J46 print head is only 0.076 mv/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



10 width “edge shooter' ink jet technologies. Wde Variety of |Inks |J46
print heads do not rely on the ink properties for drop ejection. Inks can
be based wo osmissi4 m croenul sions, oils, various al cohol ecTMEH2/0M5D el t
waxes, or other solvents. 1J46 print 4eads can be “tuned' for inks over a
wi de range of viscosity and surface tension. This is a significant factor
inallowng a 15 wi de range of applications. Lamnar Air Flow wth no
Eddi es ThesOppinritor phadgppbakister thejclbck sptabis GMETIB4AMNHE MEtis euthh@ter @anrthd spabd i S

| am nar, , L i nat ddies.. Thi.s i i rtant, ..as eddi es or..

t ur bul encgcqgagﬂlﬁc? fl (eagr agg%fegrsalﬁeeag?]rﬂ%ﬁlwl@esdﬁeeC%I%@teﬁ%n’ %nr(%ﬁ "ﬁmﬁ?s@gweé ?lﬁsép.anqﬂr op
Repet i ti orPrf¥dems whep pliheng nearrivhitglimatesop repetition rate of a photographic 1346
print head is 5 kHz, resulting in a print speed of 2 seconds per photo.
The nom nadungds@pR dMREbdsizh on rate for an A4 print head is 10 kHz for 30+ ppm

A4 printing. TR 1.5} rake. | s 2 - U IV R by the
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usi ng posiihdidthginither RERIRHERY, (WePIIRELer BotePBnsurlPBNEME Ereatd HrddRifg tSerdilalsl r el Y
adequate for nost | ow cost 25 consuner applications. For very high-speed
applicati QRS pSuch as commercial printing, nultiple print heads can be
used in conjGhCtT 0™ WX h fast paper handli ng. For |ow power operation (such
as operation feHdh tplenethyatiaof the ganer ramgsterii§®ribjsaliqws p 8 Rhm qb-Essigtapge. whersbdduced
to Ir’]F,‘dLII:e tp@d&ﬁh EtranLiQWcHﬁaﬁEsBQ%gﬂlﬁeictuﬁﬁﬁﬁl Gler When dperating &bm @ arhistsRe PAR&S: ispeed of
a phot ogr ic 1346 print he i.S on 0.076. m.sec. For an A4 30 prin
nend it 1 SRR Bl S aer B B gt Gpredt 9B aihi ng
i nk j et hebzthsppetetidatafisgibhtoncircgipe@dsugesmplchip aressthq isinpttabeadylegiirgibyavdctingr oves
drop pl aceneptTh@QQH@&QrXI'wa YU GE theLé?%eﬁtagé%%'“kpcb%%ﬂ&hiy%ﬁ%@rgistlms. inc ﬁQth for

34 ppmprinting, due to the page wd print head. er speeds can

readi |y belrigprodpgsarithaiterguiref seientigless: reduestihedifoerdphafatess hen O-Reigan redi@90Fhe
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Adl/letter print operatin t 03/018314 PCT/ AUQ2/.01059 43 30 ppm
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| ower t harpetftreagperichumcapabi |l ity of the CMOS process used. This sinplifies

t he CMOS design, and elim nates power dissipation problens when printing
near - whi t ez L. fB@SSic il Y Static CMOS Design 5 The shift registers and

transfer registers e.fully static designs. A static design requires 35
Lransistors pdt Pisapiees & it et ERlsEnG 44 Po s fufam L aegn.
Howevell, tMsorskaiplegprliesiogninchds several advant ages, includi ng hi gher noise

Pmmuni ty, | owel, AHLERERNMe AAUSE LONSUNPtion, and greater processing
tol erances. Wde Power Transistor The width to length ratio of the power

transi st or®i sS°B88""This allows a 4 Chm on-resi stance, whereby
Home PC printers -

Network connected color and monochrome printers
Departmental printers

Photographic printers

Printers incorporated into cameras

Printers in 3G mobile phones

© B N L B W

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



10 the drive transistor consunmes 6.7% of the actuator power when operating
from3V. This size transistor fits beneath the actuator, along wth the
shift regwetmsnisnd ot her | ogic. Thus an adequate drive traagiAtoeniosal ong
with the associated data distributio# circuits, consunes no chip area that
is not already required by the actuator. There are several ways to reduce

t he percentage of power consuned by the transistor: increase the drive
vol t age sol& Isadrt ihdigitabginiesed current is | ess, reduce the lithography to

| ess than 9x§xﬂ&ﬁe8@u H%?mﬁm VS 15 or other high current drive _
t echnol ogy, or 1 crease the ¢ I'p area, allowing roomfor drive transistors

whi ch ar e Hotloynetescmoims printelse act uat or. However, the 6.7% consunption of the

present desi GfighispecEPRSHEARLERr@ COSt- performance optinum Range of
applications e presently disclosed ink jet printing technology is suited

to a widde FanyEbK comAuig MHYynRIERAgKdth PBBE VR or exanpl e appl i cations

i ncl ude: 123. Goldle candndBerOGRFRNaE fi ce printers 2. SOHO printers - 1. Hone
PC printerﬁtﬁhm$g%emrk connected col or and nonochronme printers 25 5.
Departmental printers 6. Photographic printers 7. Printers incorporated
into camer?s Tidgetpit¢rnt ers in 3G nobil e phones 9. Portabl e and not ebook
printers 20 pdQor\Wid&celPpiREs Printers 11. Col or and nonochronme copiers 12.
Col or and nmonochrone facsimle nmachines 13. Multi-function printers

conbi nthg Y iLAtee ok CAR griers and copy functions 14. Digital comerci al
printers 3%&. Photofil3mind printéd di gital printers 16. Packaging printers 17.
Textil e pr%pg§§5g3¥%03/018314 PCT/ AU02/ 01059 44 18. Short run digita

printers 19. %ress suppl emental printers 20. Low cost scanning

printers 230. PhtgflP speesd page width printers 5 22. Notebook conmputers with
inbui |t page wighh Rkt ers 23. Portable color and nonochrome printers 24.
Label printers '
5 32. Laminate printers
33. Indoor sign printers
34. Billboard printers
35. Videogame printers
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. Color proofing printers

48. Fault tolerant commercial printer arrays.

Prior Artink 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



25. Ticket printers 26. Point-of-sale receipt printers 10 27. Large format
CAD printers 28. Photofinishing printers 29. Video printers 30. PhotoCD
printers welbs/oveshd paper printers 15 32. Lanmi nate printersPCIAURNABOr sign
printers 34. Billboard printers 35.45Vi deogane printers 36. Photo ki osk'
printers 20 37. Business card printers 38. Geeting card printers 39.
Book printers 40. Newspaper printers 41. Magazine printers 25 42. Forns
printers 4@paci, gridtnakt bp hupérbeaadl et ink jeeapslicatibds. Thddtlih@awer pensurtpesrslimitS the

Aut onot i ve Pressure sensitive |abel printers 30 47. Col or
proofing prlg{l\%%%kgr[gjiéns%i:as |t tolerant comrercial printer arrays. Prior Art
i nk j et t echnolhegiogsie@iiasntipeblemayyhbicdopleqjricprkiieits she apdsostPezlsbtiikestsiplsheyebecone
avai | abl e fefyafhit R85t ARLIoRBRUrildVSItdp&L and Emr@féfeang;ﬁarée Ay f&rfas'ch neAk. it ure.
Thi s |s because the two nmain contenéers - thermnal et and pi ezoel ectric
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power consfubrr}ggtlognfpa emgth rmthaeog |5r%0e Y400 times that required for these
appl i cations, Stens f e en’er y-| rief fici ent nmeans of dr op ejection.
Thi s |nvolves the rapld boiling of water to produce a vapor bubble which

expel s t heCamprrisongtliép ping beads aoé?‘yﬁfwil bk Jan EAD PNAONDBICHNEBY 4 PCT/ AU02/ 01059 45
capacity, and nust be superheat ed |n thermal |nk Jet applications. The high
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vol tages, |land therefore require large ardd®® or each nozzle. Also,

Printer type Scanning Page width 1346 print heads do not scan, resulting in faster
printing and smaller size

Print speed <1 ppm 30 ppm 1J46 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 1346 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 4300 °C +50°C High ink temperatures cause burnt dye deposits

4 (kogation)

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

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

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

Energy per drop ous 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



5 each piezoelectric actuator nust be connected to its drive circuit on a
separate substrate. This is not a significant problemat the current limt
of aroundw®00/oms32£| es per print head, but is a ngjor inpedcmto2osyhe
fabrication of page width print heads4owith 19, 200 nozzl es. Conparison of

1 J46 print heads and Thermal Ink Jet (TIJ) printing nechanisns Factor TIJ
print heads 1J46 print heads Advantage Resol ution 600 1, 600 Full

phot ographiuestriunagﬁnabba&x&ttvy and hi gh quality text Printer type Scanning
Page width 1J4 n, resultin f ast rinting and
ol er si e PFTYBulE Bk BanAoe RRRR WS teri e R SRttt Ao ¢
in >30 ti mzle\fnmsneqten@tbeﬂmgmmummer of nozzles 300 51,200 >100 timnmes as

many nozzl es er&pLoe&né F&%ﬂdaﬁf&n{ ;91'&;1&@& seﬁ'B ﬁ@ (69/ H&%El &lo@? m%\qgrlo?z?e née&:?all? 1

picoliter Less water on t epa print is Inme ockl e
Constr Ut | Qdh Matbidg ngﬁfetdemr@cfustghlbg 28 6f aRd Bﬂhcahﬁ@%nsg@el&g&t fBreéilf'éénB@ hi gh

preci sion assenbly Efficiency 1% 2% 20 times increase in efficiency
resul ts i ndi{pieénREME the BIPBIigAbRANEGWE BoisdlpRIf iMBdjdtSonpOner Batteries Battery
operation allows portable printers, e.g. in caneras, phones Peak pressure
> 00 atm 0. 6 a& problénewith ngharpngslsrmrsetm it 19 reguitelh ehatrparks oifthkdqveé bed@drsighobically
reliability problens Ink tenperature +300 C +50 C Hi gh ink tenperatures
cause bur ntreaidy to ighebisdheiinaeess of kd ¢t theypgion ofthe ptvatei-on Probl em . None Cavitation
(erosion due to bubble collapse) Iimts head |life Head life Limted

Per manent TIJ ptPatingiezlydyesfevice é;?foa‘é“édaﬁtf% thepeedies hydsephebag tregtment &r‘i’B“%‘?ﬁ’gat i on
Operat g vol t eration fromsnmall batteri

Tpor tAhe 1 or I PRBrED LRl sEREr e dearE ey e ﬁﬂ‘ﬁra‘l‘ycﬂyjheféﬁefﬁ% <
1750 of thr%rrgré AEHnSA%mk Fprm%ga%ﬁ)gy ?L‘lrall P W?nozzeg e;[siee}‘n}{hesg) er ?ar;[&:_clom an arra){ 214?1%%?3]'0 er

40, 000 n? size all manu € nozz
woul d be app rl@? bid &Qop%bs@ra@?fés 9 a?xIé} %1'4%1 Be'&esf:n}'b%d f Featfeﬂf%@aﬂ P¥Er ous

vari ations and/or nodifications nay be
The assembly 510 includes a silicon substrate or wafer 516 on which a dielectric layer 518 is

deposited. A CMOS passivation layer 520 is deposited on the dielectric layer 518.

15 Each nozzle assembly 510 includes a nozzle 522 defining a nozzle opening 524, a connecting member
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). 'Th;a nézzle openihg 524 is in

fluid comr;1unicati0n 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. It will



made to the present invention as shown in the specific enbodi nents w thout
departing fromthe spirit or scope of the invention as broadly described.
The presewD oenissds nents are, therefore, to be considered iPeTAAU20E8Bpects to
be WO 03/018314 PCT/ AU02/ 01059 46 il4ustrative and not restrictive. The
invention also relates to an ink jet printhead having a nozzle array
wherei n each nozzle has a noving nozzle with an externally arranged

actuat or. €Hppredtdaiadduego WiSvifadi Bt thap340 GraltheGMalB@ihéndibnsdOthe HXink betwea Ihe lip

di scl oses a noving nozzle generally. 5 Such a noving nozzle device is

act uat ed b§s2rehthesskinfpoiom®sgned ineadly yirerteslpons and eurBtegensing fufiapn @k falfbi intgbiting

di spl acenent of the noving nozzle and, in so doing, to effect ink ejection.
A probl em U eskepe piink feprrtbamgesteshambiess3that it is required that parts of the
devi ce be hydrophobically treated to inhibit the ingress of ink into the
region of the aldf #AOF 284 ARt §orfl 824082 SRS R & Yo pissdioe Rk t he
need fo:‘\!'NI %g ﬁblC Jeatnent iS O V|$.ﬁg 10  Ref rr|n now to Fig. 104 of
the dra é e SURYZYS P & R JOETRAHGUIETY ey Ef’ssd)@ﬂ(é‘ %YFrISS; o PR S ¥¥iEr ence

nuneral 510, ura lymgdmaga%ngassenblles 510

t
ar r anged |n0%ﬁH%FP3 %ﬁﬂgfbﬂhﬂmg%ﬁga l“dgﬂﬁﬁTwlo e Subst rat e 516.
The array 514 wil Lculgﬁ,rsiz%%&aarggq fitsf! ?&Q%Erﬁgssfi%r%d aﬁp«%l Won dme%éa 5R), yxnglo

i ncludes a silicon substrate or wa on whi 1ectric ayer

is deposi pre@red AmbMRARnDERSH YA 950 Fhdl58YHE of 22 Phelue, ARRASHVe 8GarOmihiRl Hingk ectri c

| ayer 518. 15 Each nozzl e assenbly 510 includes a nozzle 522 defining a
nozzl e opethrdign H2de (TAN)CONnecting nenber in the formof a |l ever arm 526 and
an actuator 528. The | ever arm 526 connects the actuator 528 to the nozzle
522. A¥0 shown iBvthgreaestes andebliabe thair fiFit grels antipfedttathd hdhoo$S4tinisheiiroppuisadgsds t he
nozzl e 522 conprises a crown portion 530 with a skirt portion 532

dependi ng fonessted féhe @b W@?rtancewnawuseméloykﬂf@l{gh wmeewecmars?ﬁz tfetspahexpapsienof 20
of a perlpheral wal | of a nozzle chanber 534 % . 105 to 107 of the

dr awi ngs) . NTPRA™ AP S B PHY Vs 1% ti“ﬁugl*wwmcmt 86ﬁﬁﬁfﬂfre%{tﬂpwown9tﬁxaaw’eatWszz| e

by a1 i Sot"F 15 ST GHPER A 1Y R RO BaA TP Ho5 HF GHBShy of i nk
540 in t hedo’é{ﬁé%hl?g%ﬂ@@e ubs?%tc 516.4s gb lvn.pilﬁ H LO%tof tgé)&a{wn el"hls cazusegirge?e on[rﬁm]:(

clearly in raw n I ne e nozzle

C hanbe[5 5361ir0u&h1% nehfeld %Hﬁn@ S%ag sﬂo%m latrBGi Jnlltlgdloggfm&&%ts I @'Henvt\ﬁe sghr(@%f l{cﬁllfs i nl et
channel 548 defi ned 5 through the substrate 516. A wall portion 550

bounds t hereap@t frith Be dide R 5BXTLHO0GpH RNAFEH Nou, (e R3ZLID ezzfrétwto Ruleicot 546.

The skirt portion 532, as indicated above, of the nozzle 522 defines a
first partpwiftiors gewh pirgs &7 ot lra@hgst MeembziokA: 52¢ Rard ef its §Adscangbsitidheanisd |
portion 550 defines a second part of the peripheral wall of the nozzle
chanber 53droplerh@t ininted BGO et sl tearbréakivgaf di pk dippl@ otceds illispa&BR564tn Rig. $07fof de end
which serves as a fluidic seal which 30 inhibits the escape of ink when the
nozzl e 522drpwings; hslinkcdeanlet 34 thep iravelpen tg dhs erint edia suph ag p ehget€F pagkst A 4 resyieplohe. | t

will 03/018314 PCT/ AU02/ 01059 47 be appreciated that, due to the
vi scosfly GF4ie! the R 8RpletpRg ot P& W Fraler sy ﬁ%ﬁrgﬁdﬁhgwwr at pffain Eigd 87 A ¢herdeingen
the lip

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 510 in the row

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



552 and the skirt portion 532, the inwardly directed Iip 552 and surface
tension function as a seal for inhibiting the escape of ink fromthe

nozzl e chole1B34. The actuator 528 is a thernmal bend actraataarozandsi s
connected to an anchor 554 extending 4pwardly 5 fromthe substrate 516 or,
nore particularly, fromthe CMOS passivation |ayer 520. The anchor 554 is
nmount ed on conductive pads 556 which forman electrical connection with the
act uat or 5&8&nle thdleveas intIEoh Of thEidBzlCREPblics £1F iethd dovST4 to aat benkeb@ptnOhBlcasamged
above a second, passive beam 560. In a preferred enbodi nent, both beans
558 and 56®¢ aseabla 5100n the rogl5tdidL is @ be andluipt davhenogzby saseinbly Aredtiesubsauhtialiyidimbbed!
titaniumnitride (TiN). 10 Both beans 558 and 560 have their first ends
anchor ed t Hareth & thehbh 2216522 i the rahTR esohspeealr neprirs S22cahiheastueters 628 of rgacent m
526. When a current is caused to flow through the active beam 558 t her nmal
expansi on '(‘.S’FZI"'%Sﬁ@b'!féa‘rﬂ‘%‘ﬁ%mrvé%l ts. As the passive beam 560, through which

there is no curt ent xpa d t he endi ng
nonment 5|Ss creatée r(ﬁhe&é{) §°i'1H26 {?%%paa? %g‘ég%% 5%%1 lbeéowsssﬁgenﬂag“zfaéh'? {Eg‘sbe
di spl aced s the substrate 516 as shown in Fig. 106 of the
dr awi ngs. QW& E%Le%n}“gw gctr on of ink 15 through the nozzle opening 524
as shown at 563t Wifd b z!pgmcra't&@y%setsﬂﬁedq{ Mﬂ% wthﬁJ'noEﬁz@ 550 & ?la&tl oG tnd S
renoved fromthe active beam 558, i.e. by stoppi ng current tlow, the nozzle
522 r et ur n&ibdirdre b 165in Gitl RS BRIFNOZZRQBdnlny 824 BHg & AGNMAL dnfle Witidrespd Dt tHRhodzld@hamber
drawi ngs. When the nozzle 522 returns to its quiescent position, an ink
dropl et 563B4iirk ifepetadediglals ofi the @SpHnlicuddr. It ken divealké sTohe@frangdinent3hkowd irdpguek 108eCk as
illustrated at 566 in Fig. 107 of the drawi ngs. The ink droplet 564 then
travel ¥ onand 403 dfithe grawvings tabti¢ axtustons h28pd tha ngHeatembies g e the rods S andFl kttendin t he
20 formation of the ink droplet 564, a "negative" neniscus is fornmed as
shown at 5‘6ssarnﬁdlr¢r=tg>" tomrsué?fof the eowelp R\RIh 4. Hemas fhe ink deoplais picrésd frevm i Serales 388
results in, g'n 5%01% dg 540 Efpto t he nozzl e chanber 534 such that a new
meni scus 538 32 2K PR AT T PRtheedn ?‘B‘PWPH‘&“‘?@{@E'C‘ e g
ej ection frorpnt e nozzlden qnbl y 510. Referring nowto Figs. 108 and 109
f] ual

of the drarevﬁun s T RE™ NG e array 514 is described in greater detail. The

array 514 is f OA(lsoaasLﬁ?)l% mq:‘?%uf%rlOQ&{tthdQ%gs th@‘ﬁ%ﬁ{ag%waybon& fds %65 geﬁjﬂ]%reon

i ncl udes four groups 0 25 nozzl e asse Ies, one for eac Each

group 570 {iag prdvile m@azdtr%a@a@@crmlsl 8Sthrh® B8 kARGRMabR 53R hE AWSie asRABIiRRD. 574.
One of the groups 570 is shown in greater detail in Fig. 109 of the

drawi ngs. Tiesefcabitidal doatetriond HS@rmpaACK thagMOE 1dyhiendngazhe assenblies 510 in the
rows 572 and 574, the nozzle assenblies 510 in the row 574 are offset or
st agger ed wi t h RegspectFigue 100 tiroz@ings, agsdodlent@s thbb@niion it shewnr With réeféhce Al SO,
the nozzl e assenblies 510 in the row 572 are spaced apart sufficiently far
from each bt bretiout daWmsgBt Ge83kAuPTHY ARIOL iGPasQunlddieralseecitde | ever ar ns

526 of the nozzle assenblies 510 in the row 574 to pass between adjacent
nozzl es 522 of nti{de'5eRBAMyP PEEe 81t Sis Rt gRvhs bstrate £16 of the gray 8140 Szt at

h I 1 t ant nbbel d that th
noz2 o8 BB RO FATPS A THERE? BATheaH- e ProsI 4 S5 MEifd PHe AERG4Er
528 of adj ?89%1% in re Qer w1t§thg‘r§o grgﬁ)em % 5254 09 thle %)étﬁpz?sser % es§70 of the gr%rS sachéhfgl when

facilitate close ackr ng ? nozzl es e’ rows each

nozzl e 522} § ejeSdliRha d@LM{ HISXAIARBL 32V, uRh hrbught ated by
t hose skilled J| n the g}rtn th taet %9 E}% he r%oz?(qggeSStZé garhELsé%%ES@gag%gﬁsoward

t he before striking the print media.
The body member 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 to 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 thraugh 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



substrate 516, in use, due to the nozzle opening 524 being at a slight
angle with respect to the nozzle chanber 534 ink is ejected slightly off
t he perpewoiccoissi4 It is an advantage of the arrangenent ®lcawUR01BDgures
108 10 and 109 of the draw ngs that t4%e actuators 528 of the nozzle
assenblies 510 in the rows 572 and 574 extend in the same direction to one
side of the rows 572 and 574. Hence, the ink droplets ejected fromthe
nozzl es 52%locitydf hfpeoxin@ialy3hR. dRchirtidv@arpdd khralipoht plsages @ik & dideityoiingpheinnerz| es
522 in the row 574 are parallel to one another resulting in an inproved
print qual lwg. Al so, as shown in Figure 108 of the draw ngs, the substrate
516 has bond pads 576 arranged thereon 15 which provide the electrical
connections, vi'&e pieospdhs als B@o mainsain hepagseges atstesr of opcighpartities. Agamereexists that
assenblies 510. These electrical connections are forned via the CMOS | ayer
(not  shownlf'ese REFEPRTiCly g aFF‘@UP@‘C‘%GP“lS‘ffa”t%@ R aiftereEmolss H@@@Ffﬁﬁ‘h@’éﬁ%““éf t he
i nvention LS sho h refer t he eV|ous dra
of of erfbe (RIREIAIG: MUb b rpgef o B g Proverie SUGH b Hrtr ol S0Be rEPERS A ¢ s
devel opnen 0 guard 580 is nmounted on the substrate 516 of the
array 514. &¥ﬁ§mﬁbéﬁpgd 20 guard 580 includes a body nenber 582 having a
plurality of p%ﬁﬂgﬁﬁom%xggﬁi hn%d“ﬁ wc%;am&yglaroce-gmr Hﬁ%&gﬁgthe %4(& are in
register with the nozzle openings he nozzl e assenblies 510 of the
array 514 sueblid batis dewdiedd. i nk i s ejected fromany one of the nozzle
openi ngs 524, the ink passes through the associ ated passage 584 before
stri ki ng the prStaningablihasilicbh eibiad yr wasdrb B, ths &Rledtrs: 14eLI18 8defokited freccseace of
relationship relative to the nozzle assenblies 510 by 25 linbs or struts
586. OHe othe véie S&4 rTht Gel&8B ldyarsS 1 is in thatfbratof enperimatgly 1588 cromiof @eRjoidve Resishis | n
use, when the array 514 is in operation, air is charged through the inlet
openi ngs 588" 30 Helayenp Sapd the H)‘ebg‘ét*ﬁ %mdpca@@s&e@san%Aubﬁe@ge@tlmrelwct h ink

t he passa s not entrained in the air as

|1 hr ough
the air 13 tchérfé%bbetnﬁFaeﬂgwdtt%éay&%éag@gnwzedgpwwmefsvwﬂfr Vel ey s fom
that of th 4. F 1 hy k drgpl ets 564 ted
from the nuBmset BEBSHR I Gga s B I MBS BT656% a0 vel oci ty of -
appr oxi mat el y elm’:lﬁure llhgi)ﬁfler drd»x?rl}gg Qﬁﬁ(%%tes)hf fﬂ"hlingans oPﬁ %?&E%Sde%?‘kd gﬁ th@ayer

vel ocity of approXi mate e purpose of the air is to minian the

passages 584, RésRAL spf orf 228 BL ABMiRAT §02 &l e@dsedd HRARERan®dehSdpsd. AL HEER is
foreign particles, such as dust particles, could fall onto the nozzle

assenbl i espiahl ciady edvaed tle ide@GrisNG (B rebikt@d strippaieh@thé @Rice W itded Mais REDISVEdeON Of
the air inlet openings 588 in the nozzle guard 580 this problemis, to a

| ar ge ext etht bondinds @kl @tkrcomettennicig j¢oumatooS2Bi Ghis @Srcdribdct isoo b drifvéi@ansistor
drawi ngs, a process for manufacturing the nozzle assenblies 510 is

descri bed. M@@&W@fﬁgﬁmﬁbhmmh@msmhkouh%§@@§hﬁaﬂeHUPWMafer 516, the dielectric
| ayer 518 is deposited on a surface of 10 the wafer 516. The dielectric

| ayer 518 is i r\PPREMpElY R Frcrep pifEkY Rattdde s depasitedptho @Y O pastxpiyd®efe?- Resi st

s sub&qﬁgﬁ%%stpé}ﬁv'@?%tﬁaayerl%@?%?po%%ﬁw’aﬁé§§few B ?ﬁ%glﬁ%%e%\?’es&%?"é@%‘ﬁoaéﬂ
et ched dOWI’lmEe 1|s glasma gchexf.ﬁown to ﬁ\gqu in m layer aetﬁe Sllcon lﬁye% g'l% 1n thsrterl;lcl) (ﬁﬁ\ﬁ m(f)‘nd the

| ayer 518 1's ane IS S f1nes the 1'n ure

aperture 542. The resist is stripped and the device cleaned.
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 um 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.



In Figure 11 I b of the draw ngs, approximately 0.8 mcrons of alum num 602
is deposited on the layer 15 518. Resist is spun on and the al um num 602

i s exposewotos/ommsk 604 and devel oped. The al um num 602 i s pcpiAasmieEsh ched
down to the oxide layer 518, the resi¥®t is stripped and the device is

cl eaned. This step provides the bond pads and interconnects to the ink jet
actuator 528. This interconnect is to an NMOS drive transistor and a power
pl ane wi t h conniaeicinexnsepnaoen in Righrh €1 1CMOE dr-AWeE, a (daaid showmm JayerAE Spplidantred y
0:5 microns of PECVD nitride is deposited as the CMOS passivation | ayer
520. 20 Regiys bl iscibgdmmofipl@ncetsiigs dobyingde VRO isispun@X poppdxifhgeljra3 km 601eh
whereafter it is devel oped. After devel opnent, the nitride is plasm

et ched dowtmpgatirhessist] Tieilaverrhl? mydibaked)add epposed toanaski q1#.cidfter bxpysore tothdmaska6 htbe
region of the inlet aperture 542. The resist is stripped and the device

cl eaned. AlagEris Gogonst 1aths e ofthie daveriol Thsine polrimide. hedqyerr1 diy hardpaked et 408iFer 520.
The layer 608 is 6 mcrons of photo- sensitive polyimde or approximately 4
mof hiyh FREFAPEREYGPEoke dYhete thepi Of Ziywtist 60BN balsd ftisisaRiebrn APRIC fos appreaimately5
exposed to n%sk 610 whereafter it is devel oped. The | ayer 608 is then

har dbaked 81°"80C for one hour where the |ayer 608 is conprised of
ngls?/ls';n de Or Sa: p %?n?étro%rmu dnayer r{m%aq F \rl\'%\%rlsﬁ thénrzif:lhosfge art o?t%fs laé?’t%l%fgﬁ‘tgﬁ’gp%%i% ure
d|stortlonbggsgygdgq&x&ggg@ | ayer 608 caused by shrlnkage is taken into
account in the design of the mask 610. WD 03/018314 PCT/ AU02/01059 50 In
the next step, 'ﬁl@@a% 6 dls E)l’rﬁﬁdﬁ)?spltlerlhgl @BABHQM%‘M:&Q?] ])§t a%ﬁ%@g’cq@}ﬁ@kc{ ﬂyCI al
layer 612 is applied. The [|ayer is either 2 gmof photo-sensitive

pol yi mige viteing 508 oF Pbkalu® Ritr@ie (RRPTOKHIEAL 80X oA Til i0putRfed BA Bllowel ByARIATIN €
resist. The layer 612 is softbaked and exposed to nmask 614. After exposure
t o t he nashknd@IthertllpeoA dftayer 612 is devel oped. In the case of the |ayer 612
bei ng polyimde, the layer 612 is hardbaked at 400C for 5 approxi mately one
hour. Where t heOthaynarerigshhich ganbegsedinsteail pf Ti¥ afe rRiddSedr €t APNeat er t han 300C
for apprOX|nater one hour. A 0.2 mcron multi-layer netal |ayer 616 is

t hen dep03| t ed. TR&WEr SHFis thpf wPgsedyemass §6- %ﬁrl??gd tH alaprasichedaowhie fmla3801Df t he
act uat or ghe Ia%ﬁr g% i S forned sputtering |, 000A of titanium
nitride (T ﬁ?}ea ¥ SrotPRF S5 1B 01 ottt SBS?ped 13(5‘“§ Bt BTy VSbee Ut 1908 PLim
n|tr|d§5(T@P). A further 1,000A of TiNis sputtered on followed by 50A of
TaN and a further 1,000A of TiN. Oher materials which can be used instead

of TiN are Ti B2 N The Ia t hen exposed to nmsk
618, devel oped %ﬁ%@ﬁrggﬁgm%g%ﬁg; %Wd Po" 8 “gf%gmkf'“m %ﬁ%ﬁ? resist,

applied fo t e the
pp i Eppl:oaﬁm e@&% ;lgﬁ Teﬂpéﬁmhsﬁ Heﬂ@@rds 5%@) eg @Ee?eagggt 18 e?poseecl r\tllasé by

cured |l ayers 608 or 15 612 ird sacri |C|a ayer

Spi Nni ng 08224 TEIBxRfsecdRRRLi M & RBRIhdMEIRA] BihftRin® 1n th@%é%b@m@té{e 1%316629%] hi gh
tenperature resist. The |layer 620 is softbaked whereafter it 1s exposed to

mask  622. hafdvaked X(a0Sehr lshy&imates; chéuer (ﬁi@t\é@at@rﬂﬁzﬁt 3b@t hWavedle Ryer mrcgrpﬁkésﬁ]&mt I'n
the case of polyimde, the layer 620 is hardbaked at 400C for

appr oxkerat el y ofecdnouiltiofyedtetaj apabRris dppiafn 30 Gevher Ehebbistithealy 6 thedd2@r 624 are
conprises resist. 20 A second nulti-layer nmetal |layer 624 is applied to the
| ayer 620. thfkame eghslipyet @ é pdsiregppliethie tHea:yr@rmaﬁ@d Iawib 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. It 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 pm 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 112k of the drawings. The remaining portions



the sane as the |layer 616 and are applied in the sane manner. It wll be
appreci ated that both |ayers 616 and 624 are electrically conductive

| ayers. Twe i3ayssn4 624 i s exposed to mask 626 and is then eeredwpo®ths9 The

| ayer 624 is plasma etched down to t¥e polyimde or resist |ayer 620
whereafter resist applied for the layer 624 is wet stripped taking care not
to 25 renove the cured |ayers 608, 612 or 620. It wll be noted that the
remai ni Ng anetlayerfe2 rendrdbyien aﬁBGde&fabﬂ?&(ﬁnawﬂﬂme afuf in iR cQ@W%@&&ie@f at%#&ﬁer than
actuator 528. A fourth sacrificial layer 628 is applied by spinning on 4 gm
of phot o- s®0%i i esst.pol yi m de or approximately 2. 6m of high tenperature
resist. The |ayer 628 is softbaked, exposed to the nask 630 and is then
devel oped to | esvvwhireFigusd Bnicf hodtwiofshigsy ehwivdilims didegiit Ryet 82Ks dapostrdie

drawi ngs. The renai ning portions WO 03/018314 PCT/ AU02/ 01059 51 of the

| ayer 628 Hredaybrapllyadetiuted by 4R0@iniagty lapof Bbicomeitigé 9r abiméuin oxide. iThe bijre62ase of
polyi mde or at greater than 300C for resist. As shown in Figure 1111 of

t he dralWwi négpesiasliaghieneseatuge belonoieibrgdbaker terpretaturei of the spymiffeiablagersios, 69 §28dThe The

| ayer 632 is constituted by roximtely Imof silicon nitride or alum num
oxi de. Th ePfl"&VéPaf%zS‘F%fe@“a%fﬁb‘glf f“élﬂwé&‘ay&’ e e high taskc mripigwchenisalinsrterseded d
tenperature o adhem tslalgrlflm al layers 608, 612, 620, 628. The primary
charact eri 8f1 &s réqu ed for this dielectric Iayer 632 are a high elastic
nmodul us, chem Cﬁll

{. oqd adhesi sacrificial
layer 634 is app s “Elmq aﬁernnl lrsla i &)Din?mnfng °P19 0- fog%t%fefmllt{/vgpo%?“qe% de or

appr oxi mat %\Amfgatégg gpmgv% SRIRELALY T 188 6%5 is anske'd NS ed% Gosk 836300 1 Daked,

exposed to nas € remal ni ng the | ayer

634 i s1d hegt figked bk Rehaitig 9&&@5 1a%an@4mqwn hhrfbakd26, fo@%eforoofne g@# ML fhde or

at greater than 300C for the resis The dielectric |ayer asma

et ched dOV\ﬁbl)ﬁlﬁ}dJJ}Qté@@{mjnlg,@()c’@forkl{%y&l’st 628 taking care not to rem)ve any of
the sacrificial |layer 634. This step defines the nozzle opening 524, the

| ever arm 526 amelditib@icasehdsp isphdnaichddiBwi@22lsRrifidd 1296 3B HMing cad Bbt tohedidvah
Young's nodul us dielectric layer 638 is deposited. This |layer 638 is forned
by deposi tanpgf theGaifividflaysiddd.con nitride or alumnumnitride at a tenperature
bel ow t he hardbaked tenperature of the sacrificial l|layers 608, 612, 620
and 628. Then, Tai sishdsiinesithe nfazigapeging 52, thplewf artnlies aid dwimlys 554 dige hargler 638 i s
ani sot r opi caII | asma etched to a 20 depth of 0.35 mcrons. This etch is

i nt endEd t%ﬁse{i“PééF the dielectric fromall of the surface except the side
walls of the dielectric |layer 632 and the sacrificial |ayer 634. This step

creates the noZzPe TUPRssSRoEulydslFREC f2KE O13dxepesiiedo S arry OB aufowse Byfergsiing” t he

meni scus o descri bed a An ul travi ol et rel ease tape 640
is appli edg Z“Emlﬁ“#coné’gidgf”"i‘gn%uﬁﬂ’r’{”%eri“ ‘Sm%fmlluéeatiﬁlob’”f‘he%ﬁrﬂg‘"‘g‘%él)t?WBH‘” ? 516.
The waf er 642 to back etch the wafer 516 to define
the ink i nﬁét@mélﬁa Eﬁg&sg% 528 e resist is then stripped fromthe wafer

516. A further d . . e haSer ed fao. B ol e
210 Alarine tﬁé gglﬁcgagﬁ%g@pmgw SR e baSer 8RPL b irdpRaify plaS erBa & B

20 depth of 0.35 microns. This etch is intended to clear the dielectric from all of the surface except the side walls -
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. 4pum 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 The resist 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



renoved. The sacrificial |ayers 608, 612, 620, 628 and 634 are stripped in
oxygen plasma to provide the final nozzle assenbly 510 as shown in Figures
11 Ir andowbX2mi8sfi4 t he drawi ngs. For ease of reference, thecrefimrense
nunerals illustrated in these two dra® ngs are the sane as those in Figure
104 of the drawings to indicate the WO 03/018314 PCT/ AUO2/ 01059 52
relevant parts of the nozzle assenbly 510.. Figures 114 and 115 show t he
oper at i on ekvahdperistd &z ha2zlassaibllsyo. Felfs 1 17amif18eHow iR dpdritionsreRmiaragendly h t he
process described above with reference to Figures 111 and 110, and these
figures cafipespdrdirddin fcaqgdane@svitl O pro@sskidsérigfl atiohewithrefeveivg ®.Figutes Willahd 116, and
appreci ated by persons skilled in the art that numerous variations and/or
modi fi cat i thessfigwepy corSspbial tprBigaest185 t heY df thg dnvingn as shown in the specific
enbodi nents w thout departing fromthe spirit or scope of the invention as
broadl y descr i Betll bemreregited by persoayrlidier ipribp frstha memerqup wriatfost asd/ox repdiisatiopyiaiy der ed
in all respects as. illustrative and not restrictive. WO 03/018314

PCT/ AUG2/ 0‘%6“5‘6‘3 to g invengipnags frowq in &SPtk SPRofimes YihRY AEP2LiBhim™ &5 WE o SHAPEPGal ity
O I0Z2L e BEHAES L RIB 008 AR RN IR SR FRIPLLY 2
chanber i s&La6L §dnodesiRYRPI € el ement in contact with ink in the nozzle
chanber to cause sald ejection of ink, a thernmal bend actuator having a
proxi mal end anchored to the substrate and a distal end connected to the
novabl e el enent, the actuator including a first portion adjacent the
proxi mal end external to the nozzle chanber and having a conductive
heating circuit layer for heating the actuator, and a second portion
extending 10 to said novable elenment 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 conducted by the actuator to said ink. 2. The ink jet
printhead as clainmed in claim1l wherein said dielectric neans conprises a
sl ot extending across the thermal bend actuator. 15 3. The ink jet
printhead as clainmed in claim1l wherein said conductive heating circuit

| ayer is substantially planar. 4. The ink jet printhead as clained in
claiml1 wherein said conducting heating |ayer conprises substantially
titaniumnitride. 5. The ink jet printhead as clained in claim| wherein
sai d conductive heating circuit includes at |east 20 one tapered portion
adj acent said proximal end arranged to increase resistive heating adjacent
said proximal end. 6. The ink jet printhead as clained in claim1l wherein
said novable elenment is an ink ejection paddle |ocated within the nozzle
chanber and novabl e toward said nozzl e opening to eject ink.



7. The ink jet printhead as clained in claim1l wherein said novable portion
i ncl udes the nozzle opening 25 and nove towards the substrate to cause

ej ecti on wb o3nks3thr ough the nozzl e opening. 8. The print heaa/aafo2oled m 7
wherei n each nozzl e device conprises 3 crown portion defining the nozzle
opening and a skirt portion depending fromthe crown portion, the skirt
portion formng a first part of a peripheral wall of the nozzle chanber.
WO 03/ 0183n@LA®E/ AU02/ 01059 54 9. The printhead of claim8 including an

ink inlet aper t/’l-ll\rl& Jg%ﬁlht%&icdnﬂnﬁngfalpr%rltyQF n&ﬂ@de@i@@s%rﬁe&dﬁ%@&m@&% t‘%zzlpound' ng
wal I surroundi ng the aperture and defi'ning a second part of t he peri pheral

wal | of thevieogab@ingchanber. 10. The printhead of claim9 in which the
skirt portion is displaceable relative to the substrate and said 5

boundi ng wal | sebxeshaweran i nhibiting means for inhibiting | eakage of ink
fromthe chanber. 11. The ink jet printhead as clained in claim1 wherein
sai d di%®l ect ri @ npzR&gening trayglaviach ighdtoartieaiozdehiniter is ¢jerd] e chanber. 12. An
ink jet printhead conprising a plurality of nozzle devices forned on a
substrate, each W%nge'ﬁlé\ﬁoﬁi@:t&Mii’s‘ieﬂ@ﬂleﬂ@méﬂm#@icteﬂmﬁﬁﬁ@finka nozzl e
openi ng through which ink fromthe nozzle chanber is ejected, a novable

el ement in contaél?f:fma\'/\ﬁ’?‘ﬁa‘i‘%'l?r 'fah‘“iﬁ hRroxipy s1d@anchrg g dhe St‘%‘r"(‘,%i’ﬂ%éd‘g%lie’ai capeetdtdn of
ink, a the vath d ac uat or ncho

substrat e a NavA o SToAr e et iﬁc dlé’iggdrsf‘g’mof‘ ﬁmﬁ%vgB'iOé’mél Fﬂ“al ? &'8"05@? uat or
i ncl udi ng c@larﬁ 31: %g\}/l?ﬁ‘rétd %ucﬂ% h%gt%g{:mh epfopl)l(ela theeag to?&kcﬂ‘ %cgolpd ogté%\?ﬁanqﬁxzél €

15 chanber conduct | |ng Cl CUIt ayer

actuat @ , taghqld@O@@ggmnp,ggwcmcgm,qmi;ngg to said novable elenent and in
contact with said ink, wherein said first and second portions are

electrically i S\(hlélﬁﬁl@ﬁh dctuadn iRes I BBE mEs fohadcrRAIB Gholhafing s8NBEGYd sebdid Sai d
heating circuit layer is not conducted by the actuator to said ink.
portions so that electric energy in said heating circuit layer is not conducted by the actuator to said ink.
2. The ink jet printhead as claimed in claim 1 wherein said dielectric means comprises a slot extending
across the thermal bend actuator.
15 3. The ink jet printhead as claimed in claim | wherein said conductive heating circuit layer is
substantially planar.
4. The ink jet printhead as claimed in claim I wherein said conducting heating layer comprises
substantially titanium nitride.
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.
0. The ink jet printhead as claimed in claim 1 wherein said movable element is an ink ejection paddle
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.
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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
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:

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
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 1o said ink.



