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ARRANGEMENT FOR A PORTABLE | NKﬁmmmmm R FIELD OF THE | NVENTI &%t SH8 26
present invention relates to an 1 nksssepply arrangenment for supplying ink to
a printer rticular, the present invention rel ates '

di stributi gvrgidréé]?\%flgol d structure for supplying ink to a p%cﬁ.{‘g(ng}g%%gew dth
ink jet printhead chip. However, it wll® be appreciated that the invention
is not limted to this specific application and is equally appligcable to. .
ot her printer type conti ' : | i Fs. 10
BACKGROND O INK SHIRRINCARWANGERTENE FO8, SRR TABLE ISK URY Cori o

of ink flowto an inkjet printhead, ?EJN% gecessary to ensure that the

pri nthead continues to function and ' \Fé an ink supply in the presence
of novenment of the printhead due to its portability. Exanples of portable -
systens 15 include the recently filed PCT Application Nos. PCT/AU98/ 00550
and PCT/ AURPERDSOF THE INVENTION present applicant. For exanple, when

utilized in a camera systemwith an internal printer. it is gﬁ%fv ble to
provi desfor pr Shepresspémyenting rgkates a0 ink SYpP apa@n%’&fé}\?}’é% vément of

the port abl Rt oaftich Y 50 Brefet fnlEition rblatedto AR SRkl GHSPmAGAN diruchme  Such

a system ad™ y ciently as possi . This is particularly
the case whgrsapplfingdnimeraportablephgeavaéttl inkjetprintiorad ghipe Homemesy it Wil bt

inting. OBJECT OF THE PRESENT | NVENT|ON It j ’ t
nvent | on SBRFEH et i IRRLEMe) VAR SR T e RILG incp oy BB o

printing a%@ﬁ}gﬁﬁ%@tath@f pﬁt&qyésalah@c&iﬁgﬁiaﬁbnidma&o noteparahleprioters. anel i or at es
one or nore disadvantages of the prior art or at |east offers a useful

al ternatoi ve thereto. |In accordance with a first aspect of the present
I nventi on, ' Vj ' |y arrangenment for supplying ink to
the printi ﬁ%ﬁ%hbﬁﬁé@ﬂ%ﬁe@gn nter, said 30 ink supply
arrangenent i ngj Hgbﬁﬂﬂe fdteiod WiiliZ6@ Fir YheLbontrol of idlufibwitp axtinkjetywinthiend ibisor age
chanber for holding ink for supply to said _printi nc? ar.r ange nt1 i%?timed I nk
suppl y uni tnecessdmyidd engure that thepyinghead gentingesig frqetipn o ’3531“%%5‘%?%%% y

presence of movement of the printhead due to its portability. Examples of portable systems

15 include the recently filed PCT Application Nos. PCT/AU98/00550 and PCT/AU98/00549

filed by the present applicant.
PFor example, when utilized in a camera system with an internal printer, it is desirable

~ to provide for proper operation and ink flow and the presence of movement of the portable
camera system. Further, it is.desirable to provide for such a system as cheaply and
20 efficiently as possible. This is particularly the case where the camera is utilized in a

portable manner whilst printing,

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

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

AR
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WO 03/018315 PCT/ AU02/ 00763 2 configured so as to reduce the accel eration
of the ink within the unit as may be induced by novenent of the portable
printer, whilst allowing for flows of ink to the printing arrangenent in
response t ' demand therefrom Preferably, the ink A

arrangerrengv&g;’#lxﬁﬁhe formof a printhead which is 5 conng‘é*/‘égdyl F6§ctly to
an ink supply arrangenent in the formof©an ink supply unit having an ink
di stribution manifold that supplies ink via a plurality of outlets to

e et orrad (ORRETEASS B PvBaT e AL R etk paRie Ml Gy teTndiREIbY
the baffl egoidindnf6F theboRatiidprintél! Whidse fibvitig &t flows beihkae tiequiating at i on of t he

ink in adirection along to the |ongitudinal extent of the printhead and
cor r espondi ampngerkerd ipresyongeitoractipy damand fegefrathe | nk supply unit has a series

of storage charghers, {0t oY gl SERALRIGE 6 b 1l e pittiRheuAthys the i nk

st orage chanber erstarecconstructe romtwo or nore )

i nter Conﬁecédnﬂgctéﬁ)&liﬁ&dK eoatiak euyiply arfgdRinER HERORI BN O SOPPLY MEt hRYDE IS

Not wi t hst andi ng any other forns which may fall. wgthi he . of 11 he
present i ninkistaitiopmeanipldthatsupplies ik v IPWerﬂf PBﬂ&?/\fol ﬁonﬁgﬁ%gglggg%{scri bed,
by way of e ' : ce to the acconpanying draw ngs in
whi ch: Fig. SPER| fasied formt &\t BiifthER |

rates schematically a single ink ilet_ nozzchgailatﬁ
qui escent posi tinche prefirefiform, thejprinthead i51an sloasaieprgeridih printhead; hip ndithg ; o
nozzle in a firing, positiqn, = Fi L IS BEHRIHKGA R dredtionialiige | NK
jet nozzle P#ﬂés ﬁngjf“?w?(is%pq%ggicﬂ’%‘ﬁrgdtblr%g@%élgc?%l ug‘?ﬁr:at es; a bi-I gyer cosl i ng
process;qFi ﬁ}elén%iduhﬂﬁl Extdn® 6f e prineat dndyemresparslingigk pupptiewndt. Preferpblysthes a
top view of an aligned nozz]e; 25 Fig. i ectional view,of an aligned
nozzle; 30 B’ik_gﬁ.uPBlYiugltélaQ%)ﬁf\‘FfWt‘ﬁ?g%‘??“é‘g?ﬁf%g"ﬁﬂ’ﬁﬁ_?ngﬁfaf.orglklgs a sectional
view of an al | 0Bed Ag 2heink | dage tarhe; 3r AAEARR conbitleredlfroim pyosranareon
constructing an ' Thk Jet nozzle,;" Fig. 11 is a sectional view of a process on
const r uct i ngnt@Bonmektingemolded edrepambtter  Cheni cal Mechani cal Pl anari zati on;

Fig. 12 illustrates the steps involved in the preferred enbodinent in
preheating the ink; WO 03/018315 PCT/ AU02/ 00763

15 BRIEF DESCRIPTION OF THE DRAWINGS
Notwithstanding any other forms which may fall within the scope of the present

i

invention, preferred forms of the invention will now be described, by way of example only,
with reference to the accompanying drawings in which: |
Fig. 1 illustrates schematically a_sinéle ink jet nozzle in a quiescent positién;
20 Fié. 2 illustrates schematically a single ink jet nozzle in a firing position;'
Fig. 3 illustrates schematically a single ink jet nozzle in a refilling position;
Fig. 4 illustrates a bi-layer cooling process;
Fig. 5 illustrates a single-layer cooling process;
Fig. 6 is a top view of an aligned nozzle; . .
25 Fig. 7 is a sectional view of an aligned nozzle;
Fig. 8 is a top view of an aligned nozzle;
Fig. 9 is a sectional view of ar atigned nozzle;
PFig. 10 is a sectional view of a process on constructing an ink jet nozzle;
Fig. 11 is a sectional view of a process on constructing an ink jet nozzle after
30 Chemical Mechanical Planarization;
Fig. 12 illustrates the steps involved in the preferred embodiment in preheating the

ink;



3 Fig. 13 illustrates the normal printing clocking cycle; Fig. 14
illustrates the utilization of a preheating cycle; Fig. 15 illustrates a
graph of likely print head operation tenperature; Fig. 16 illustrates a
graph of Ilikel rint head operation tenperature; 5 Fig. ' rates
one form ofwﬂro%{/{’/{%ﬁ’d a print head for preheating Fig. 18 |F%¥/§PLJ‘A®2§' a
sectional view of a portion of an initiaP wafer on which an ink jet nozzle
structure is to be fornmed; Fig. 19 illustrates the mask for N-wel| : :
processing; Fig. 20 illustrates sectiagnal. view of a portion of the wafer
after N-well pr aeléslilﬁ%jr,at681'm@ﬂ§?alpz'fgi‘$?‘8§?%?y§ ¥ a side perspective view

partly in sectig .ﬂfiuﬁst&itéa%ea;mmdneafafp&@katmg_c?abi processing; Fig. 22
illustrates the dctive channel mask; Fig. 23 illustrates a sectional view

of the field oxFigelS iHigratea4 graphof fikely prnthesd gRerfHONIErBRETRWES: vi ew partly in
section of a sipgle nozzl fter o L | da: SehipRdd; Fig. 25

Il lustrates theﬁgoﬁ)ﬂﬂitg%% a;qr%p?l ofgjl( ?V&hgt%g?ég&%@ggﬁ?gﬁww ew of the
deposi tegd pol y; Figi D7 illdstraitdslone Forfil ofeiridingiadeinplesud ferqireheating ew partly in

section of a single nozzle after pal epositipn;, .. 20 Pig. N at es
the n+ mask; FiBig. EﬁaﬂliuﬁtFﬁﬁﬁtarS&?t@S‘aJa“%%eg? Boyipn QEWH‘PP‘{VH‘EI v |*“‘:}1r‘1‘§i‘;sll‘3 ig.
30 illustrates a sid | NG ¥d @Ity in section of a single nozzle
after n+ inplant; Flﬁam%%hl%ﬁéulst rates the p+ nmask; 25 Fig. 32 illustrates

a sectional vi eRigs®illustpatestbe maskdfor Novelt precessinginpl ant; Fig. 33 illustrates
a side perspective,vi artly.in ' ' RO v 1adrb &k siRg:

i npl ant; Fig. 3%%& ?qfﬂﬁfvﬁg e segthogﬂcglg‘?égggoﬁl%gE{%?‘g&g%gﬁzI I us'fgrrat e%H%

sect i ongp Vi ew plopi Nistites eidemispeaivecimopirty igpettiad of asingle Bozlewdns Ny
contact vias; Fig. 36 illustrates a side perspective view partly in section
of a single nozzle afedProggssBiting ILD 1 and etching contact vias; WO

03/ 018315 4 Fig. 22 illustrates the active channel mask;

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

depositing ILD 1 and etching contact vias;



PCT/ AU02/ 00763 Fig. 37 illustrates the Metal 1 mask; Fig. 38 illustrates a
sectional view show ng the effect of the netal deposition of the Metal 1
| ayer; Fig. 39 illustrates a side perspective view partly in section of a

singl e nozgl e af 5 metal 1 deposition; Fig. 40 illust Vial
mask; Fig. wﬁos?blléﬁét rates a sectional view show ng the ef#@ggozt@p%s
depositing ILD 2 and etching contact vitas; Fig. 42 illustrates the Metal 2
mask; 10 Fig. 43 illustrates a.sectional .view showi.ng the effects of -
depositing the Metal 2 layer: Fi'g. 44 illustrates a side perspective view
partly in sectFtSn?’?)ﬂlué!T%‘FsrfB?Me%}%Paék’after metal 2 deposition; Fig. 45

Il lTustrates thg, Vig, t'?ﬁés‘%} eEtichal iwishbwin il etfecofdReinetahddpositienosthewi ng
the effects of 9l(?'e%%lsul%tsl ng ﬁ_D 3 and 15 efching contact vias; Fig. 47

illustrates the Met Metd Inlagde; Fig. 48 illustrates a sectional view show ng-
the effects of _de | t] th .3 . v i detiof 'Sk d dihsls hoéETer Si de
perspective vi 37 ggm“rs@?sna %1@%?'%?& %L%‘?é Jéébg?%rg?'éﬂnegtzlgfe afltéelr netal 3
depositison; 20 Fig. n%aa]illdepsgiﬁ@{;es the Via 3 nask; Fig. 51 illustrates a
sectional view showi ng the effects of depositing passivation oxide and
nitride and et &¥g. AQillustsates thp Yia Emasis) ystrates a si de perspective view

partly in section oty a. 5 - & by thO\SRRE dfidegoshaRILDAE ardn Oxi de
and nitride anﬁ%#gllll}u%tgr%ggge?u%ﬁeg.ﬁ% i% | ustrat ese?)he heat er mask; Fig.
54 illustrates a sectehingdontaceviashowi ng t he effect of depositing the heater

titanium ayer nitride | Fi S5 Jllustrates a side perspective view partly

in section of f‘%iﬂ@lﬂ@“ﬁtﬁigﬂ%@«ﬁ%@a&deposi ting the heater titaniumnitride

| ayer; gf Fi 0. %6 4slihusthlesh Sctibha vest shatvixig the &ffisets afalepasiting tbe Metal R;layerig. 57
a

illustrates a sectional view showi ng the effecgt of, degos.i tier},&élggff%ct uat or

glass and bendigdridustates p side PRSPITHY HYIEVRGEIYAR SEHHOROER FiRE! 18315
metal 2 deposition; '

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

and bend compensator titanium nitride after etching;



5 PCT/ AU02/ 00763 Fig. 58 illustrates a side perspective view partly in
section of a single nozzle after depositing and etching the actuator gl ass
and bend conpensator titanium nitride layers; Fig. 59 illustrates the
nozzle mask; 5 Fig. 60 illustrates a sectional view show ffect of

t he deposi t‘Y?\&’/Q}f’gfhe sacrificial |ayer and etching the ﬁgz}ﬁ%@,“’ﬁ g. 61
illustrates a side perspective view partiy in section of a single nozzle
after.  depositing and.initial etching the sacrificial layer; Fig. 62
illustrates the nozzle chamber mask; 1Q Fig. 63 ill usfratgé EZZ?CE ..onal

vi ew showi ng t Fig. 88 dvstatena pide perspeqtiveaew RestlydR gqchipn Of 4 Single npgzle
illustrates a side I éﬁh@’l’h 143s 86Ebérdtofipetsator fifghiinnozzl e
after further etch?cﬁgésgt?ﬁt g%éacrl f?gt%%t&l%d}gr; Fig. g{g illustrates a
sectional view showmgidebeyesdeposi ted | ayer of the nozzle chanber 15 walls;:
Fig. 66 illustrates.a side perspectiyve view partly in section of a single
nozzl e after Eﬁ%%ﬁé‘?ﬂs&}'&%ﬁ%ﬂ%ﬂe&a%he nozzl e chanber walls; Fig. 67
illustrafes a 38gidoMidtraiéh @ectidRMivitgy iowriny the effsct of therdepusiting of 8ief  al i gned
nozzl es ‘usi ng Chem cal Mechanical Pl anarization (CW); 20 Fig. 68
illustrates a side puesficialipyes and etohipgthe ngzzI68: secti on of asingl e nozzle

after CWP of the no Ve vigh! 9 skdlod Dk b 3Bk RzASefdronal
vi ew show ng t%ég'ﬂéisﬁ%gﬁ{%%gﬁ@gbﬁfgﬁm@nI?; Fig. 7? illustrates the
back etch inlet maskdepbiiing @id initlalieithing the secrifisial layes| vi ew showi ng t he
etching away of _the sacrificial | aKerbs; 5 Fig. 72 illustrates a side
perspective vi dugfrillpsprajes thenozplg chambes masks | o™ 0771 e after, etching away
of the gacrifi Cﬁig.' 63BN @Fafs alk@iondBviéw shestingihe stohed titkentpevia fechérificiali ew
partly in sectioh of a single nozzle after etching away of the sacrificial

| ayers taken al ong alepénferent section line; Fig. 74 illustrates a
sectional view . show. ' ' b6 sebnFdfd- si AdzEleatteat es a
si de perspecti gﬂgﬁﬁ%}#ﬁﬁeﬁ)e&%@gxyggﬁﬂgﬂ@ﬁ& e nozzlrgg&ej ecting ink;

Fig. 76 illustrates furtheheohg of thé sachficiablayerpl | ogi c for a single nozzle;
W0 037018315 PC1-3|-1/gA6U50 i%l/ugu(')azg?’a sectional view showing the 'deposited layer of the nozzle chamber
15 walls;
Fig. 66 illustrates a side perspective view partly in section of a single nozzle after
further deposition of the nozzle chamber walls;
Fig. 67 illustrates a sectional view showing the process of creating self aligned
nozzles using Chémical Mechanical Planarization (CMP); ‘
20 Fig. 68 illustrates a side perspecti\}e view partly in section of a'single nozzle after
CMP of the nozzle chamber walls; |
Fig. 69 illustrates a sectional view showing the nozzle mounted on a wafer blank;
Fig. 70 illustrates the back etch inlet mask;
Fig. 71 illustrates a sectional view showing the etching away of the sacrificial layers;
25 Fig. 72 illustrates a side perspective view parfly in section of a single nozzle after,
etching away of the sacrificial layers;
Fig. 73 iTlustrates a side perspective view partly in section of a single nozzle after
etching away of the sacrificial layers taken along a different section line;
Fig. 74 illustrates a sectional view showing a nozzle filled with ink;
30 Fig. 75 illustrates a side perspective view partly in section of a single nozzle ejecting
ink;

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



6 Fig. 77 illustrates a CMOS i npl enentation of the control logic of a
single nozzle; Fig. 78 illustrates a | egend or key of the various |ayers
utilized in the described CMOS/MEMS inplenentation; Fig. 79 illustrates

t he CMOS | to the poly level; 5 Fig. 80 illustrat | evel s
up to the ﬁ%fgﬁngﬁfevel; Fig. 81 illustrates the CMOS Ieggpégﬁﬁ) t he
nmetal 2 level; Fig. 82 illustrates the TMOS | evel s up to the netal 3
-level; Fig.,83 illustrates the CMOS .and MEVS |levels up to the MEMS heater -

level ; Fig. 84 illustrates Act.uat qr,. Shr.oud Level ;. Ei o .
illustrates a Si%d’ giﬁgﬁt&%% pb:ﬂ?%gmlm;exﬁﬁtlogmeogﬁeog?ngrpﬂgglﬁéo?fl isfgﬁleg? %}1%’ ink jet
head, Fig. 86 Pﬁ%. by SifsBhlSa RReRdrieg 0 theivarowflagrsitilzed ar thpdestiibed partly in

section of a portion of an ink jet head, Fig. 87 illustrates a nunber of
| ayers formed in t heCMOSAVIENS implerontatioseri es- of actuators; 15 Fig. 88

Illustrates a ri| Of o f er showi ng the through
wafer ink sup%?%ﬁgcﬁ)@% el gsﬁ‘%r-d}gégéé‘%ﬁ‘ﬁ’ﬁ@tt@a"t‘gys t 1é arrangenent of segnents
in a prisnt headﬁl':g.lﬁbguus&@tehtHet@ﬁOSﬂa&ls&qhemhetmcta]llcvd;si ngl e pod nunbered by
firing order; Frqg. 91 illustr . schemati cal a single pod nunbered by
| ogi cal order; FZ&)%I*iﬂé".‘S“Q@S Fhelﬁbsj?‘@iﬁupstgﬁ}%ﬁﬁ?m}elvﬁl’a si ngl e

tripod. cont ai niggy ARG tHe W08 up (il méidl 3 leveast rates schematically a

si ngl e podgroup Tontaining 10 tripods; Fig. 94 illustrates schematically,
the rel ati onshiRig.88tillmstrates tgrBVOS, anfl MBMSdensts wnta the MEMYReaterjeyel; o5

Il lustrates cl qg¢ki f or . AEnapl during a typical print cycle;
25 Fig. 96 ill ﬁg.éggg%ﬁsggﬁ%ﬁg%r%gmeﬁve vi ew of the incorporation of
a print,head imp®5aNudtiates @l petspeativeipady snigrotion ofsd pardonefzm igk jgt had;
illustrates a side perspective view partly in section of the in h el

nol di ng supporﬁlg-@rIU&@Feé?nFﬁﬂﬁr.gegglq ¢f 4‘6&"&?“&”&1’5’&8'6@ P%cﬁg%?ﬁ%éor@&gw
partly in section of g8 Rhk hgﬂl,-l unit, print 30 head and platen; and Fig.
99 illustrates a side pers{)%ctwe view of a print roll unit, print head and

platen; Fig. IFg. 87illustatestaewmbesdfdeyessformetbion theeanstuctiopsf os&iis 8t a pri nt
roll unit, print heagctgar%grs_\/\o 03/018315 7

15 Fig. 88 illustrates a portion of the back surface of a wafer showing the through wafer
ink supply channels;
Fig. 89 illustrates the arrangement of segments in a print head;
Fig. 90 illustrates schematically a single pod numbered by firing order;
Fig. 91' illustrates schematically a single pod number;ed by logical order;
20 Fig. 92 illustrates.schematically a single tripod containing one pod of_;eap‘h color;
Fig. 93 illustrates schemaﬁcally a single podgroup containing 10 tripods;
Fig. 94 illustrates schematically, the relationship between segments, firegroups and
tripods;
Fig. 95 illustrates clocking for AEnable and BEnable during a typical print cycle;
25 Fig. 96 illustrates an expldded perspective view of the incorporation of 2 print head
into an ink channel molding support structure; _
Fig. 97 illustrates a side perspective view p‘ardy in §ectioh of the ink channel molding
suppoft structure;
Fig. 98 illustrates a side perspective view partly in section of a print roll unit, print
30 head and platen; and
Fig. 99 illustrates a side perspective view of a print roll unit, print head and platen;

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




PCT/ AU02/ 00763 platen; Fig. 101 is an enl arged perspective part view
illustrating the attachnment of a print head to an ink distribution manifold

as shown in Figures 96 and 97; Fig. 102 illustrates an opened out plan
vi ew of th o) st side of the tape 5 autonated bond wn in
Fi gure 97; O'c.} 'e_{rrg) 103 illustrates the reverse si de of te'ﬂce{/%%@ﬁgggout t ape

aut omat ed bonded f| | m shown in Fig. 1027 Descri ption of Preferred and

. G her Enbodi nents The preferred enbodinent is a 1600-dpi nodul ar nonolithic
print head suitable for 1o i ncorporation into a w de varlety of page wi dth
printers and in pr| @K denand caner a systens. The print head is
fabricated by f W ifadtratii ﬂﬁﬁ&achbi‘dﬁl\df)a chnol ogy,
whi ch refers to grﬁwﬁdgkggswlgﬁpﬁfh%n t he m%ron sc ugj‘glly

usi ng technol ogi es d)eatbtocqmedkﬂmmhuh@reglﬁmf@éawml{‘ﬁ%lfﬁsl &9‘53 As nore

t han 50, 000 no e _requir hPLia06BREHage qual ity 15
page wi dth pri ﬁz%iazﬁﬁfftéﬂﬁqﬂ??%ge({&{tﬁen&@&egp@h’@t%ronlpcls on tﬁgesame chip
as the grint head i sutddeseiBdnded filin stwlwncn&igwewTaed. | ntegration allows the
nunber of external connections to th

ere m ar ound
50, 000 to ar oui: 1@%)111%at&°r@9i’fﬂ’éfs?ﬁ’é‘°8fB&?é’P“*‘éﬁ é’&‘?PaBﬁF %ma?ﬁgm d? nrqred
enbodi ment i ntegrat g \gk{/?ﬁ A and drive transistors on the sane wafer
as the MEMB nozzles.” i s several maj or advant ages over other 20
manuf act uri ng techm ques mechanl cal deV| ces can be built with dinensions
and accur adyescriptianeof gf & gINE of nmechani cal devices can be
made si mul tane%'pi/efer%ﬁ éxﬁtﬁ)dﬁﬁém issd 1600@]@1 m‘oﬁlfllelr moxalithit hentrheahsuitelle fordevi ces
can incorporate electronics. 25 The term" nt head’ is,used herein
to i dentd f yingorporationcintesa visevariety of BIgSVidth HrWéﬁfS %P@P}“e‘a‘ -SmADACRHIBRR of this
I nvention. P SAbediisRR-ME@lahie - Ssteins e
utilization 85%&3“1?%3%19%&9lgga;gﬁg%tgjﬁ}{lg%n‘?%gr m \/\/?1En DI/IS util |S;th for _the
ej ection of (MIMS) fEtimalegyz Whlchhefatseo nfectamioah$ystems rb!éﬂts?“éh‘é méssomhcalgy usually
i ncludes a thin noﬂéle rimar g'enlscu3|sforrred A

nozzl e ri m psing teghn @cappyql%qeﬁgoréntggqafe rﬂm'ﬁj‘g ??g&gepom ti on mechani sm The

preferred enbodi Bble tRSD,000dzHdE re idtfirad il 1608 dpisAd prattopraphiriqualityl ood
prevention rimaround the ink ejection nozzle. W) 03/018315 PCT/ AU02/. 00763
8 15  page width printer, integration of the drive electronics on the same chip as the print head 1s

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

preferred embodiment of this invention..

Operating Principle

The preferred embodiment relies on the utilization of a thermally actuated lever arm which
is utilized for the ejection of ink. The nozzle chamber from which ink ejection occurs

30 includes a thin nozzle rim around which a surface meniscus is formed. A nozzle rim is
formed utilizing a self aligning deposition mechanism. The preferred embodiment also

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




Turning initially to Fig. 1 to Fig. 3, there will be nowinitially

expl ained the operation of principles of the ink jet print head of the
preferred enbodi rrent In Fig. 1, there is illustrated a single nozzle
arrangenenty, (% i ncludes a nozzle chanber 2 which is PéHRﬁ&/OG%.%W a an

I nk supply C anne 3 so as to forma rrengscus 4 around a nozz rirm5. A5
thermal actuator nechanism 6 is provided®and includes an end paddl e 7 which
can be a circular. form The paddle .7 is attached to an actuator-arm 8

whi ch ts at t, 11
o o o0t o e 16 E e f G B, A LGRS, ook e perkflon
stiffness, sptidcipfe sfof HRMAKR prikthegt®of tHeprefeared enmbd)ch.guemt Iﬁ)Fi‘gol' thereiis

conductlve ci rCU|t i nt erconnected to_post 9 and fur i.n #‘ ﬂ ﬁ a thi nned
portion neaﬂlusmd@l&lénma@ng@ﬁ%éwmﬁ%ﬂc é‘l“ﬁ@z?a l@&ﬂ PRMBugh the

bot t om | aye{%f}%%g%g,ﬁ%ﬁ@ ﬁl&{ﬁﬁ iorassfquﬁm théhidcie4 afoead adbatanh 5t 2e post

9. Wt hout are in hermal bal ance with
one anotqer therbhed abr@ator n@cnafnsnmlstpmvummmludmmw@@@édlc favhishean pe a

"l cat ed | Rl o, Ui asAgade: SR ) B WMy PPy patd BB

movement 1 eglg ks drih ﬁﬂclh&é‘srt%ﬂ@etsrlol b1 {Whieh aterforntedcroml abbmiucm\m 1Batexisl c h
results in a general expansion of t he meni scus 4 as in f|036£OUts'de t he

chanber. Theaviugiaihigh idegree of qtlﬁ@essomcbpmnalyém njigide.g P‘h‘é‘?“%ﬁa}‘ﬁs &nd the
actuator arm6, as jl]| iR dlpertioh hestdhescent
posi tion. Tﬁg‘d?‘“étf‘{frwcu#Z@{f%&%twgﬂﬁgtv%ﬁgﬁtﬁﬂ%%%cﬂuﬂeg g IJE | r? aedownvvar d
directigf. &hd post9. Hefide, ﬁ[ﬁmﬂa'ssing mcmrenghrwghtheshottkmd@'eb& khe hoftomHayer s

around the nozzle 5. The for f.the i nozzl e
in additi onhﬁﬁedlﬁéh%%féﬂﬁﬁ‘ﬁn?\q@ rrg °P'?1 P?‘ﬁ?“ﬁntﬁ?\%(’oltﬂ et ?\ddggla} t]gc hanber
results in gd g&?ﬁoézéc@%hﬂﬁmf Qr[dﬁ?e@ @ﬁel?eaﬁ@%swthe Bdttom m@@rhork@umdldﬁvemﬂ ng of

the nmeniscus sequent due to sur

ace tension effeﬁ% ?aﬂé g:ss t he
meni scus 4, attoktor mechdnimrd iorhend gw@ranazlpwerd& pachisace paddier3sip@caieadn
channel 3. Th erati.on of .the H&}ﬁﬂ At HR 8k &fs n
si gni fi cant up&e&g%.rs aplgfgwﬁd&?ve&egt{ ﬁltﬁalr erls eé1 g?%%%eﬁﬁisl oned baclran?:T ng of

the laygqs 1Qresdili@ atdinhd thedirh §vhadh résults ﬁcaaguihe#ahwansldn of th@msmﬁqyls 4rapink
efficient thermal operation of_ the &tuato lgle

t
| ayer oper atflowts oatsisigrthe;chapbenglhecopdictan tofne, ‘?%’Ilmcﬁy 186? E%drcll °cood|d£§
during nmanuf %@%ﬁd{&rms%r afeﬁ%‘glgnﬂb%lﬁ th kéﬁﬁhwﬁ@qkn&fcern@ehum Therretagn

fabrication. IS 1S ustrat 5. In Fig. 4, there is
shown the prresnasm a)fnocmént nfjthe fphddie 7 headmﬂnvmd éléftct}alﬂ oThlarmﬁuﬂhfﬁ% 13 %o

bal anced materl S.2 21, surr 22.,
The cooling &SP‘ET ﬁg%@c&ogtléeé%agpnfﬁg% d%cfl ve%%g?ﬁ%ﬁ{ Ozﬂltﬂéé%al |y
resul ting i rbu&détbé‘%ﬁl&@@ﬁ&ﬁﬂﬁ & the BackivardTh@merfium af theerlowithia theurmzle ar m

havi ng only one conductive |ayer 20 WD 03/01831 PCT/ AUO%{)O 763 ‘8
shown. Upon chewbentgsults ins diepidbsingderaed gharegplhala p AV to bend

with res PeC heniscus 4. Subsequently, due to surface tension effects across the meniscus 4 mk is

drawn into the nozzle chamber 2 from the ink supply channel 3.
The operation of the preferred embodiment has a number of significant features.

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

30  actuator arm having two balanced material layers 20, 21 surrounding 2 central material layer
22. The cooling process affects each of the conductive layers 20, 21 equally resulting in a

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




to the central layer 22. This is likely to cause problens due to the
instability of the final arrangenent and variations and thickness of
various |ayers which will result in different degrees of bending. 5
Further, t enent described with reference to Figs l.ncl udes
an ink jet h765%|ca)§r/(§algé;'||gng prevention rim 25 (9Fi g. 1) which isp%ﬂoﬁg@{oﬁz:dtsed SO as
to provide for a pit 26 around the nozzl'e rim5. Any ink which should fl ow
.outside of the nozzle rim5. is-generally :caught within.the pit 26.around

the rim and of BRAEDYsRRD6CHIEh LAMALAY R0uf: Bie %dr}g goif £ B vt relifect Nk

jet print hea ng operati on. t can be clearly
10 seen in Ko the cédtral Fayet 22 rThig is dikely to ¢asse problémadue forthe inptability ofithe/Buwali on rim

25 are formed via a unique., chem.,cal nechanical planari.zatiqn technique.
Thi s ar r ang@HBRCEARANVARRSE SR RFagS OF Witiops FryerS Bich wifl Tl n pfpred 1
I deal |y, an depiesdr@ehdiag Nozzle rimis highly symetrical in formas

illustrated at 30 in Fig. 6. The utilization of a thin highlaeregular rim
S

i s desirabl e 15Futher, the arangemesgt deseribp@with refecengedp Figtahis includespngnk jet t her e
is illustrat ' ' ' rl J: and

br eaki ng pr 5@%&@?@ &%gexﬁ@é Elﬂ?\gi Qﬁ\%quggﬁﬁ%&gﬁdge%é #g@%ﬁbﬁf S‘ﬁca?é‘;% tive
one, conpl exrahdalte wzElerines. Aeiink whithahaedd floBloatside of themdazlel riln § isgnexplly be

tilized to f t | [ it | kel y that .th | arit
aymret Ty of PR AR o1 OB AIPURLYS ah Snd heEoy wevtie e SRR AP E  ce o
variation i nuaeGQrdanaR %%’Pﬁﬂt HeR®artlni1idnbing op&aeiéh. PIRCAfngthdnt sk clddilys may

result in a variation o erimas illustrated at 35 in Fig. 8 The rim
vari ati oxo | eeetsintlig.d1lnon-symetrical rim35 as illustrated in Fig. 8. This

variation is likely to_c e.probl ' - : bl em
is illustrated ilirﬁnx?‘—"r %’.e ngé’zj\%%ﬁes?a%d? %Spﬁﬁﬁg%gét@% ?gg%ggéfégnvéggﬁgaéﬁr face
37 wher e t hecheiniBal Bedhahighlifanafization Gickaifes. Thigirrungdihéms caclsenlrdsrsicoddy ej ect ed
drop likely to have a higher variance in direction of 25 ejectjpn.. In the
pref erred erﬁ@fﬁnﬁ%?ﬁ’tflg-t%tog\’/%rs’céﬁlf‘éﬁ 1 dnkieAtieR RPZZE Wil h‘ﬁﬁliygj eRbRi cal
mechani cal ikt 6P kiot ECTRY iitRatch oflaichin BBy reulsd ¥Rlid ddsBsbi
illustrati o?og}?g%%{‘g&dtﬁ%ni qulé W'C}F}FE now be di scus?tia11 I:\/emé%h reflerer]ceet 0

Fi g. 10.15 n when. it E@imetthejeet ink. Forlenamplasio®ig 7 thare isdBustrated ardren beimpejeqiesh

which is deposited a first sacrificial. |ayer 41 and, a thi .| ayer
42 shown in ZBR§5& &‘E‘B’& %?er?gm?ﬁﬁa §‘§€1F‘P$ P%Feaff' i’%%elgkﬁnga ‘:‘Efs?gg éé%%g%g & and
et ched so aspigh @nkifvébie, chh@BK chdofié fdréte beiag Zivelvedy Showl@stidtiacdlithegrdstydsi t ed
over all surfaces confornmally. In an alternative manuf actur%tgg process, a
further sacrutilized toforpathemozzle rigy s ety What the fraulatiyPrwemeiry ¢ishs fm can

PCT/ AU02/ 007 ] ﬂy% % in NEdtkdantd\Gitk et | cal step
Is to chem chﬁy( Bégéagﬂ‘ééﬁgg%ﬂﬂ?q’gﬁgﬁgﬁﬁ%@e‘% e ngti% 13 Iayctlaarn éz;nztl ° .-

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

Fig. 8. The rim variation leads to a non-symmetrical rim 35 as illustrated in Fig. 8. This
variation is likely to cause problems when forming a droplet. The problem is illustrated in
Fig. 9 wherein the meniscus 36 creeps along the surface 37 where the rim is bulging to a
greater width. This results in an ejected drop likely to have a higher variance in direction of
25  ejection.
In the preferred embodiment, to overcome this problem, a self aligning chemical -

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

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

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




sacrificial layers down to a first level eg. 44. The chem cal nechani cal
pl anari zation process acts to effectively "chop off' the top |ayers down
to level 44. Through the 5 utilization of conformal deposition, a regular
rimis pro e result, after chem cal nmechanical p | j.on, is
iIlustrategyéﬁﬂgﬁé?ically in Fig. 11. The description of kﬁ@ﬁg?éﬁé?red
enbodi nents will now proceed by first dé%cribing an ink jet preheating
_step preferably utilized in the:U46 device. Ink Preheating 10 In the :
preferred enbodi nent, ing'preheating step is utilized so as to bring the
terrperatur@né?l’?ﬂge’qu?ﬁt 2FE4% arrangenent to be within a predeterm ned
bound. The st epgxt, tHeickitiéf @tepli€toichtrdRtilpinechanicallyOdlananizéthg nozde layer andal | y,
the decision to initiate a printing run is _made at 102. efor%E%ny

sensed to

printing hascrifisigliayers dewa o & &t levelAgetht Theehemicalinechanigel planagz

determ ne whet her if j \ n5g 8044 - THrbughhtge heat ed 15
t enper at ur @HEREE tﬁgﬁuﬁr%@aﬁﬁgf@ 1%9 W@‘gﬁ’)m i ed whi chghheat s the
print head JfaifizaRans corforniz? dépasition eereilar nimlis producad.oThe resulh aftenshomical
predeterm ned tenperature of gperatjon. Once. the tenperature has achi eved
a predeterW%W?%W%P%,lsgﬁﬁﬁéﬁ?ﬁ?mmm V114105 has begun. The
utilization of ﬁm@%a@ﬁﬁ@&?éﬂ RSB tetRd sRBodiRshts WSl now prapestibyfirst dedertttingm i n
possible 20 varratioh In faclt)ors such as viscosity etc. allowng for a
nar rower opiek et prebeating gep oreferaly yilizeddn thedI46ide¥ictit i | i zati on of | ower

thermal energies in ink ejection. The preheating step can take a nunber of
different f B re the ink ejection device is of a thermal bend

actuator t : uld normally recej ve, a serjes qf. c . as

i | 1ustraed in Ipithy prefemeg ?ﬁgﬁf@g‘g]’ a03pk BIEheating SRP fd 1[‘1‘|Z§‘Jil ér)logﬁatggbggwepul ses
110 of a 25,pre ' ' SmER tée WihiR b Pyddérrrined gbundn dthg gtepor
ej ection. g&%#ﬁé{é@%@@ftﬁ@éﬁ?ﬁh W}]en It s@desi red to grovi de,for

preheati ng ailjzabadeiilistrsted at Hisia Figad2 Jaitighy sheregisionte ipjtiate gRNBYRG TUD S | on of
a series of short ses eg. . [ch | el {1k FEHd iener gy
to the pri npa%%{d,sjé'f %Pre’t%'y@ ﬁgréglﬂeﬁs\gg%@bWe\gpﬁ%rﬁge@éfgﬁ?gg?ﬁg%e#gﬂ i nk lij ection
nozzl e. 30 KinGed td etetnhitis ivhathesit Babeveanpredetgmingt tiwbshokds Ipthereatadad

tenperature during a printing, operatjon. um. t I been
i dl e fon5a tmpstatise is4po Jouh parhsst cﬁ"?lﬁi&,"? wﬁeﬁ%ﬁivﬁ%ﬁﬁhﬁ”@#&@%,@%

initially 1 ' ' i yekatti® ofl operiténh. t
orint - v o3 teatihs the HErpaGeRlsABbe AESRAl R A elnpctati o opereR Ee;l;%z) s

execut ed suQhcé thatenipeeatire hpeachteyeda piedesermisedspmpgratre, the NOTPY PERL 65 i onal

tenperature T2 at 117, at which point printing can begin and the
has begun.

. The utiljzation of the preheating step 104 results in a general i'e_dugtion in possible

20  variation in factors such as viscosity etc. allbwing for a narrower operatihg range of the
device and, the utilization of lower thermal energies in ink ejection.
The preheating step can take a number of different forms. Where the ink ejection
device is of a thermal bend actuator type, it would normally receive a series of clock pulse
as illustrated in Fig, 13 with the ejection of ink requiring a clock pulses 110 of a
25  predetermined thickness 5o as to provide enough energy for éj ection.
_ ~ Asillustrated in Fig. 14, when it is desired to provid_e for preheating ?apabiliﬁes,
| fheseI can be prov{de& through the utilizdtion of a series of shorter pulses eg. 111 which
whilst providing thermal energy to the print head, fail to cause ejection of the ink from the
ink ejection nozzle.
30 Fig. 16 illustrates an example graph of the print head temperature during a printing
operation. Assuming the print head has been idle for a substantial period of time, the print

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




tenperature left to fluctuate in accordance with usage requirenents.
Alternately, as illustrated in Fig. 16, the print head tenperature can be
continuously 5 nonitored such that should the tenperature fall below a
threshol d egqgo3Rths1s2 series of preheating cycles are injggel %05/5'6793 t he
printing process so as to increase the tgnperature to 121, above
predeterm ned threshold. Assumng the inK utilized has propert| es
substantially simlar to that of water, the wutiljzation of the preheating.
step can take f ot at
R e B e T L e
signi fi cant 1p6wd ahtmpemtxatnl tanqmtamra T2at hl?narwlmbpommrp'@map%n eegitaangdhpr ovi des

for advant ageous ef Iegt il t.he {Ascosh}% chan es th changi ng

t enper at ur e femperae fedt todlucwatgiip gecotdanes Wit ¥iage PAE GG e of preheating

required above *lﬁmateig & ndAtEAGhH LG, tmﬂ;ﬁmhea&eﬁpadmcanmnommomm ent
e e

tenperature an briumtenperature of the print _head during
printings opmoattomd\suchlﬁatlsm&hettmmﬂ@gnﬂé@l balow adhrashoideg. A2 2seriss i ed in

accordance with the asured Hfird 8"

optimal res8f eﬁagatmgcgq ?ﬁ)ﬁtﬁl%ﬁféﬁdﬁ&ﬁ%ﬁ’nﬂtgggg%c séé Bl‘igﬁﬂ]n uggte(r?%étatg@s% n Fltg 17

with the pripg, ah@@chﬁgs&teﬁrgmduﬁheﬂgﬂcan on-board series of terrperaturi f

sensors which are connected to erature er,m.n ni t or

det er m ni ng t heAstwrHpgthed 5&] spbst 3(“&?1&?' lﬁﬁalpél?a?(g{’lgﬁter, 'ink

ej ection dr 'uiéﬁzakiBth éh%%g htﬁig sgfptdiﬁ Emces&vaﬁﬁgé Bfthe BatRRAALI M@bGorsan itk ed at
e

any particular stage on-chi'p (print head) tenperature sensors can be
si npl e NBVS v1st:esmpenﬁntmpersm ddfscoursheothes aperatienal fagtoss mambevigniicapband théown

to those skilled in the art 3/0 / cturing
Process IJ48“&3§‘§?@8 t?rﬁﬂﬁ‘?%‘ﬁ?rd?lgpeég é‘? gt:% ﬁ%‘ﬁ%g g érﬁg%?gs efile%n{):ll?%ﬁ cf)lnfof
standard CMyg #ath chagingtbip@raniepit aoakbbengadilydidehtthat eerok al s
shoul d be usego?ﬂggﬁﬁe\gngENBc portion of tﬁe pr 1@%@ aéédﬁm ch ﬁlgﬁ{n%m al r eady

in conmon uwhﬁ@mgmeélab@@stb? agbientiemperaiare, ¥ danipan Phe only
MEMS rmat er i gélﬁ%e?{ e%ﬁgiﬂ% “%‘é@’ﬁ%ﬂé s r&fé‘%ﬁﬂé\ﬁmﬁﬂ&d c&nagﬁﬁhtiﬂg%pai)aum erial

(whi ch may yirm G, um num” or other material
| deal | y, 15t 0 Hénte, tieer degreep @fi gicheptitgimay be ivaad in acénedancewith e mepssed ambicahout

i ncreasing Chl ar ea, rocess is a 0.5 mcron, one poly, 3
netal CMOS pF® %tgre\ﬁptaﬁgoa?rﬁmdﬁmﬁogh&f’%ﬁ ujtﬁtl on. However, any nore advanced
pr Ocess can be usgg le"b%’éﬁﬁ%alééﬁeﬁ{aﬂatsl1H&bluﬁted119Fi§l\/[15wnhltmrm£ heaBilBMOS, or
ot her processes nay be used. CMOS is reconmended_ onl due, t

preval ence iinclading imeonrboard series of temperaiuis seapers whichgre ¥°§'P&é°dawdﬁfl%°fﬁ%‘fecwos

fab capaci  determination unit 131 for determining the current temperature which in turn outputs to an

20 . mk e]ecnon drive unit 132 which determines whether preheatmg 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.



For a 100 mm phot ographic print head using the CMY process col or nodel, the
CMOS process inplenents a sinple circuit consisting of 19,200 stages of
shift register, 15 19,200 bits of transfer register, 19,200 enabl e gates,
and 19, 200 i nsistors. There are also sone clock f d enabl e
decoders. fﬂfe)o}élﬁlgéisaspeed of a photo pri 51% head is only g‘?'@“ QO%Qnd a 30
ppm A4 print head is only 14 MHz, so the performance is not «critical.
The CMOS: process is fully conpleted, including passi.vation and openi.ng of
bond pads before t.he MEMS processing begins. This allows the CMOS ' '
processi ng teAIBEACHEN ted in a standard CMOS fab, Wt th%&%
processi ng bei nj46devies merpfagiura carchegoastaicied drqm @ gombingiiog ﬁtén‘f ess
Choices It will b | ot gamuimct ure
of NENE devPrsessn HRIAERRurs R ORALS Horm el bl b8 Lledd uBIREASE) LTS
manuf act ur e pestionof tht4Locessing whielnare noldredtieinponremsiss g (AR peesingbldd her e

i s based ' jc' 0.5 m zwel | \ ] I
and Chr 8 niEaoPyfaboiReE, e any MRS el e PERYD AP PRIy pof Y
choi ces of Gtk Haklal (MG REPbe fdlyiesPC, BRSG Slurkifud Coeatiiinmatéids)

effect of any alternative process choices. WO 03/018315 PCT/ AU02/ 00763 13
Nomi nal Pr oddeniRda iocor@ymaiingsirve sirpuitsivetwepn themopgles withayt incrsasing SuipEdon | s

required to fit,drive electrandcs under_th ' : _
m)?eFuI |y afPiniBymPLeess 1 8&/r§c%1§f°%h§€%qq5*§rﬁegélln@ﬁ§§i%%eﬁ-ﬂhgﬂ%ngl{ns nor e
i mpor t ant t hadtaliatdia Foelevér &fyahereadwntéd prodess cdvlbeiusedingicalc Alterabtiviely, 4"
monolithic print heads_1 polysilicon |ayer2 poly | . are not .re Tired,
as t her el0j s NMPS) dipplgn/BiG er EQBFF&EE‘FF pwyge H{f_@a&ﬁ%@‘éf@?@mb@ﬂﬁﬁc{}l’%i gh
currents, g‘%@& t&%hs BB dncs irfths RSB bilehe 3G ablitFofahrgs hinbitsSFCMOS 8B nUM

met al i zati onLow cost, standard for 0.5 mcron processes (copper may be nore
efficient) MapdcitfMaskNot esTypePatternAlign toCD 1IN-wel | CMOS 1Li ghtFl at4 pm

2Act i vel ncl udes noz ch er 2Dar el RhAct i ve0. 5
pm 4N+CMOS 4Dar lggb? ?W@M’&ﬁﬁ@%ﬁ‘ rﬁ%k%éntég‘?éls%c udes riol}lzsﬁl e
chamber CMOS @lgogpréeks/ignplerints a simple circuit consisting of 19,200 stages of shift register,

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

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

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

separate facility.

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

that there are many possible process sequences for the manufacture of an 1146 print head.
25  The process sequence described here is based on a 'generic' 0.5 micron (drawn) n-well
CMOS process with 1 poly and three metal layers. This table outlines the reasons for some
' . of the choices of this ‘nominal’ proces;, to make it easier to determine the effect of any.

alternative process choices.




7Metal 1CMOS 6Dar kContact 0.6 pm 8Via 1l ncl udes nozzl e chanber CMOS

7Li ght Metal 10.6 m 9Metal 21 ncludes sacrificial al.CMOS 8DarkVia 10.6 m
10Via 2l ncl udes nozzl e chanmber CMOS 9Li ght Metal 20.6 pm 11Metal 3l ncl udes
sacrificial m 10DarkPol yl p 12Via 3Overcoat, but 0.§ %@S

11Li ght Pol y\a é”pm 3Heat er MEMS 1Dar kPol yQ.6 p. m 14Act uatorﬁ/@% kHeat er 1
pm 15Nozzl eFor CWVP control MEMS 3Dar kPol pm 16Chanber MEMS 4Dar kNozzl e2 m

17 1 nl et Backsi de deep SI l.i_ con et chl\/ElVB 5L| ght Pol y4 pm F Exanpl e Process

Sequence I - —eRa——rit-t-irot || IIt:lII UI et BIIL UVLD an(] dt her
rnal P Y y
processes .

exanpl e M@SOcess to_shiVidemaleblitRENS feat ures  are | ntegrat-ed—i-n-t he

CMOS nasks, | eamslcrsdwisssvher d OtShmcr@NaSuisedde it griversiggiropies uadepihe 4CRBtrsl  due th t he
| ow CMOS pdrd it mofee (Ui |Faligeanbsized Bbobesst st eps descri bed bel ow aref part
of the exanpi@en 0eneric’ 1|REibrianke ofh-ciatnal iGAARSmpdi@nt hewpehamel trinsistds _shojwn i n
Fig. 18, pr PR, STAr T Y Mk Pradib REATmindhiicipriftyaes <100> wafers. (B
waf ers can il By O 9 250l Gyéls s Iereqalidd] 3 there RON@AS cutréht ettty yi Bl d) .
Mask  Summar 3wl a¥3$' E“J' i J’f’ésup gt Tt Thostof metal -alsd-rbvitids e bRiciR stRldes NRSk of

Fig. 19, in ik A t1 anst EL&) L o catees o waﬂiigeﬂ&yefﬁmgt) > ow a

thin | ayer 4,
Etch the nitride and oxide using the active nask of Fig. 22. The mask i s
oversized to allow for the LOCOS bird' s beak. The nozzle chanber region is
I ncor por at eﬂda'sﬂsﬁﬂ,m_%u5 mask, as field oxide is excluded fromthe nozzle

S I o PO T S I = B

resist, or psing h Neehpllenent of the n-|wef¥MOSrhgk Light Flat 4 pm
2 Active Includes nozzle chamber CMOS 2 Dark N-Well 1um
3 Poly CMOS 3 Dark Active 0.5 ym
4 N+ CMOS 4 Dark Poly 4 pm
5 P+ CMOS 4 Light Poly 4 um
6 Contact Includes nozzle chamber CMOS 5 Light Poly 0.5 pm
7 Metal 1 CMOS 6 Dark Contact | 0.6 pm
8 Vial Includes nozzle chamber CMOS 7 Light Metal } 0.6 pm
9 Metal 2 Includes sacrificial al. CMOS 8 Dark Vial 0.6 pm
10 Via2 Includes nozzle chamber CMOS 9 Light Metal 2 0.6 pm
11 Metal 3 Includes sacrificial al. CMOS 10 Dark Poly 1um
12 Via 3 Overcoat, but 0.6 um CD | CMOS 11 Light Poly 0.6 pm
13 Heater MEMS1 | . Dark Poly 0.6 pm
14 Actuator | | MEMS2 Dark Heater 1 pm’
15 Nozzle For CMP control MEMS 3 Dark Poly 2 pm
16 Chamber MEMS 4 Dark Nozzle 2 um
17 Inlet Backside deep siliconetch | MEMS 5 Light Poly 4 ym

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

description is combined with an example CMOS process to show where MEMS features

are intégrated in the CMOS masks, and show where the CMOS process may be simplified -

due to the low CMOS performance requirements.

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

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

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



6. Performany required channel stop inplants as required by the CMOS
process used. 10 7. Gow 0.5 mcron of field oxide using LOCOS. 8. Perform
any required n/p transistor threshold voltage adjustnents. Dependi ng upon
the char agj@pd/sbigs of the CMOS process, it may be possigi@atRoest the
threshold adjustnents. This is becauselahe operating frequency is only 3.8
MHz, and the quality of the p-devices i'S not critical. The n-transistor
threshold is nore significant, as the on 15 resistance of the n-channel,
drive transgj sj.or S Laod f4 g IS Deer
consunpti o?'mﬁ?‘?‘gg%r |'nfﬁ%&é€ﬁg}qg{/v&§péé&gae?{e]w§£|& e{sgdé%&%ﬁgﬁ@to? m crons
of poly, argl Geéw ethin Lgeng SiOgapdalepositsliN4ifbimisg a fitlddxide hardymasks so as to

f | tions 214 shown in Fig..26. 20 11 P g t
Shown' . b, 1B eREide300 feidh i B ASN s AeRR OB o TR B BRIEC, o

drai n engi nee@h&ﬂfd}mﬂ@@@@s bhdS Beks Thd D25l RUArEber Qb giditis igmrporaet] inakist he
performance of the transistors is not critical. 12. Performthe p+ inplant

shown e.sy. 21mask arfigld q3ide inexchnged fromthn rorglechamberEheresyltis p serigs ghAxifn Fi g,
31, or using the n k W t.h & negative resist. The nozzl e chanber 25
region will b?%%é&%ﬁ?ﬁ?ﬁehﬁaﬁgif%+ dependi ng upon whether it is included
in.the n+ sagkplant thothandélatobaninghef-weh imslowith anegativg resist,ios using a r el evant
as it is subsequently etche and the STS ASE etch process

r econbaended- complemepiof taenWslamskhs an etch stop. 13. Deposit 0.6 nicrons
of PECVD T ?xhpf L Relstorsiddiarstis Fequird@ by the[ENIOS PRocesshrted. Et ch t he
cont act cufésjsgglllfﬁl%? ee@g%?ggt ﬁas?ﬁ%@ Fis. 3q4 Thjé nozzl e?p?oegi on is
treatedims A GGOowdiSmiceor ofifipld otide using and wi |l not pass typical

®n,
design-rul e ,checks. This .reqio g afdeq¥oh B2 DRC.
15. Deposi t 80 E’S&ﬂ?‘& PYEa °%3Y%ﬁ?“§§ﬁ°?hg°sﬁl§@r%%&%%ﬁ%@ "{% B)gﬁg’laf%b
PCT/ AU02/ 0076 3hdracterddtics bf &8 OM®S plotiss,itammyilss pugsibledo nmitethe thrasbald shown i n
Fig. 37 so as to formpmetal regions e.g. 224 shown i Fi 38.. The..nozzl e
metal region iadjustoieatsedhisis hecase te 01?31@85% f%e&‘sf.‘cy Ig Wg@%%ﬂﬁzh@&%a}@gfz
sacrificial, and b5 Ot antis®r MrROIASAMBRCBnifldagt, ad thebtsi on of
metal 1 in thgﬂen%g%lgésﬁgﬁﬁggﬁ%&siiﬂﬁtnﬁgﬁn??@fjt hel ps reduce the step in the
neck 51k egi OResidtarich of thetn-hnmel Hrivectransistor hasa sigbifficant affegt on the effisieacypndoECy/D
TECS glass to formILD 2,reﬁ'. ns.nﬁ.g. 228 of Fig. 41. 18. Etch the contact
cuts using t hdOWCHCONSHERRON i&?ﬁi’q U§i g. 40. The nozzle region is treated

as a singl egl a6 the gatéggiid@n, and again it will not pass DRC .
10. Deposit 0.3 microns of poly, and pattern using the poly mask illustrated in Fig. 25 so as

' to form poly portions 214 shown in Fig. 26.

20 1L fei'form the n+ implant shown e.g. 216 in Fig. 29 using the n+ mask shown in’Fig. 28.
The use of a drain engineering processes such as LDD should not be required, as the
performance of the transistors is not critical.

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

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

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

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

should therefore be excluded from the DRC.

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



19. Deposit 0.6 mcrons of alumnumto formnetal 2. 10 20. Etch the

al um numusing the netal 2 mask shown in Fig. 42 so as to form netal
portions e.g. 230 shown in Fig. 43. The nozzle region 231 is fully covered
with metal g osdigss alumnumis sacrificial, and is etchegepaypgsobsof the
MEMS sequence. The inclusion of netal in the nozzle is not essential,
but hel ps reduce the step in the neck région of the actuator |ever arm
Sacrificial netal 2 is also used for.apother fluid control 15 feature. A. -
'relatively angl e [ 33 of
the nozzle @%@gg'"" mus(?{%:onnecﬂtﬁgﬁké enqgg% 3?#’9 O%rrﬁe]{fg{e?%kégs%ngl s

al so renoved @iy 22shotvhén Fighss. S’Elternofzzlemmltalaégmnmnmmd:\mmiﬁata’slar&d&iuts t he

| ower rimof the nozzle hanbe ntrance, for the i s fornmed
rom 1 LD 3. s hraereeS e eud. wagh eted s parof HeotEbRsetiet enc ror
surface, and f 166&&@@@@%%@1&5& s oy eé@éntia'l“b%t hélpa feBuce 2R NEEMALE nédkk

surface spread. 21. Deposit 0.7 mcrons of PECV Gs glass to formILD 3.
22. Etchsthe a’cmma@ﬁth@mt@t@sli‘rwgaMe via 2 nmask shovvn in Fig. 45 so as to

| eave porti e. I er,
fluid contrgﬁhﬁpﬂgtg7 %ng]&@rdrr\g?jﬁ%s q‘}%ﬁt@d@ﬁgge \AFH{%?%ESSF ggg DRC
25 23. Depogs.[Etdh fle Bbritacd bats 0fingthe VianLimaskoshbwn in Figt 40. The nazzle &giv is treated
al um num usi ng the netal 3 nask shown |Mig. 47 8 as to | eave portions
e.g. 238 as Snawmegleans yia ragion, gpd agays it wili g tI@SSeDé 239" is a sacrificial
| ayer used &? g[@k@mc{? At to Rtk agdd e from the chip surface.

i's so'u I'str

Met al sed to aute V+ over the ch|4p The nozzle region is
fully ccwered Btch hemmhuxﬂusngthcml 2Thask showminfign 4209 tasiesnimetdi al , and

is etched as part of t MB. sequ L Ihe | ' I e
nozzle is not pé’gté@ﬁﬁga%,b %{51“’ Néf‘%s@gﬁﬁég”f%%g@b?%i %nr}uﬁ%%%{ée?lﬁﬁleh&dﬂnfof
t he actuator |'ﬁ¥§ﬂuﬁiﬂiﬁmi¥\&&iﬁbﬁﬂ,8ﬁdﬁeEBEIdW&QH@BEMsQﬁenGEéﬂmlt 0.5
m crons of PECVD TEGCS glass to form,the over crons

of Si3N4 to fdpeipsierofyaetal 2 atheppzrigjenot esspnti f&%ﬁls‘lflﬁ%,f 5%“'?@%‘?? Hhtgsﬁa"
over gl ass usi I 5iHEy fluf¥control
arr angenent O;}QEBH‘Bfé&%c#ﬂgﬁé%rﬁaﬁﬁhg?ﬁggsﬂgglgssS%nglged%fgrt he net al ogtro
sacrifiasal 5 ﬂeayrer A relativeylargeiressanglegpf ndd 2tioinchdedinthe neckgegion 833 of the
Li t hography of this ste

heater vias) iMeEeghamhery Sﬁ&?WFﬁ"g%@Pé&bﬁ‘%{ Wﬁggﬁﬁ%}gul&g{?@? openi ng

bond pads. Thi e MENIESacpifiRiaPAIAHRRME &EE Thivind@brcts tid 16®exrmntoftﬁemmle he nor nal
CMOS process flow. This step nay either be the Er ast rocess Steﬁb@d{q ?ﬁ
e e fab

CMOS process, ehambprentranesiforthe ptegtor Wélmrﬁ%
setup degrees to angle of the fluid control surface, and thus increases the ability of this rim to

20 prevent ink surface spread.
21. Deposit 0.7 microns of PECVD TEOS glass to form ILD 3.
22. Etch the contact cuts using the via 2 mask shown in Fig. 45 so as to leave portions e.g.
236 shown in Fig. 46. As well as the nozzle chamber, fluid control rims are also formed
in ILD 3. These will also not pass DRC.
25 23, Deposit 1.0 microns of aluminum to form metal 3.
24. Etch the aluminum using the metal 3 mask shown in Fig. 47 so as to leave portions e.g.
238 as shown in ngﬁ 48. Most of metal 3 e.g. 239 is a sacrificial layer used to separate -
the actuator and paddle from the chip surface. Metal 3 is also used to distribute V+ over
the chip. The nozzle region is fully covered with metal 3 e.g. 240. This aluminum is
30 sacrificial, and is etched as part of the MEMS sequence. The inclusion of metal 3 in the
nozzle is not essential, but helps reduce the step in the neck region of the actuator lever

arnl.



10 and transport requirements. 28. Wafer Probe. Miuch, but not all, of the
functionality of the chips can be determned at this stage. If nore
conplete testing at this stage is required, an active dunmy |oad can be

i ncl uded onyghipsh@dr each drive transistor. This can be agligteamgioyss h M nor
chip area penalty, and allows conplete testing of the CMOS circuitry. 15
29. Transfer the wafers fromthe CMOS faC|I|ty to the MEMS facility. These
may be in the sanme fab, or. npy be distantly |ocated. :30. Deposit ‘0.9

m crons of gggagbgpéls%%h%ﬁ%@ﬁg@éy 29 % fotmthedver petron current is

7.5 A argo pressure 1S erature is 300 C. This results in
a coef fi ci ep. Dufposite:5 meitrorxpf8igV,do forin the pasgivatorslayerC, and a Young's nodul us

of 600 GPa [Thi olid, 20 Filns D .26 e in
film proper 7&‘31158835%@“0’}3?‘@!? FWZ“SF @Fﬂ?ﬂés%sgg@ E{és?(é gqi%s\ij\tﬁi{?ﬂr#qﬁ g. -
53. This mask tﬂé‘&&dﬂgéméd%%fP@aﬂerrmsqhmmudeaad&ksemrmneanamﬁmmher eis
a small gap 247 shown in Fig. bet ween the _heater. and the ]I#é%l\bl ayer of

the paddse andayeaddtl theayisne. grﬁA%tq the heptesrastator- Lathagreplcgf this StR
e e helofln A difedftts (BPheROAS! 4§ ibloR bf Bl YohAu R kAT "sub 25

m cron accurac’?’f%1 uire IS step to naintain a uniformty of heater
characteri sti q&hogispmmedﬂoeopmhgrbonﬂlpads This isthe nmproc%astopl whichtis differentat er

is not etched sinultaneou th actu t he

heater nask i sfrem §‘erﬁ°6‘?16‘réM$§Pé‘?q°§®é 38'1‘%%? mf‘%elﬁﬁ XaSE ﬁrroge%)sgeﬁ'hfe bond

pads are al so ﬁ?g‘ﬁ/f O pided B, dritheStids@3tS ofthe MEMS prlokcéss) cfepélmmgmlmmem fabsetupond
c

pads bei ng et during the sacrificial alumnumetch. It also 30
pr event swcorromdcmns:p‘oﬂtm@llammsnum bond pads during operation. TiNis an

excel | ent r n.bagsi.e | feterhedSat | ow
enough to né@ @pﬁfggmbﬁa%f%kg{r% # (fmﬁt&’o?gis?ls&sﬂt éﬁ%ﬁéb@\/\e‘t} 03/018315 17
PCT/ AUO2/ 007 6 3thisdtage D€ pogd donilete wsﬁ)ni’gSatmths asga@r@uasé, an'ﬁhlu‘ﬁf: dumrpy Iopdearp| y
done at around 350 C to 400

t
Ther mal st r essbeigeingedsen @’éﬂf?éé‘é?ﬁ‘%imﬁr&ﬁ}\é&r lrﬁ’érl nﬁl oo r r"‘g?%r:}@pg% Shever
t her mal Stressqér%lt?%h&ﬁqﬂ% lgg,@gsé&g@,{ oﬁﬁe@p@glﬁﬁw sandvm ched bet ween

two | ayers of /T|N ri-layer cancels bend due 5 to
t her mal gt r e29sTransfer the wafelrs;fmm thd‘@@seiaghb'dp the MENES fagilifis iThese mayhsin e ve

stress, which incsreases ency of the actuator. 33. Deposit 0.9
m crons of rrag??é‘??{ﬁﬁ' tb&%l‘fg‘m}ll?'ﬁllo I's l'ayer is deposited to cancel bend
from the di fidebrpdsit®.o ﬁﬂt@éﬂm e T spﬁttetraeﬁlmmna@i iN-GSVE I@gae;tmm ca;temtss and

revent the addl e fromcurling when rel eased
ﬁat eri.als. Thg7(§ebp@§gom| g9 pressure 1%03Pa, temperature 1s JOOQ’Q ’H:xlls res smacoe&lclent

of thermal expansion of 9.4 x 10° /°C and a Young's modulus of 600 GPa [Thin Solid
© 20 Films 270 p 266, 1995], which are the key thin film properties used.
31. Etch the TiN using the heater mask shown in Fig. 53. This mask defines the heater
element, paddle arm, and paddle. There is a small gap 247 shown in Fig. 54 between the
heater and the TiN layer of the paddle and paddle arm. This is to prevent electrical

connection between the heater and the ink, and possible electrolysis problems. Sub-

l

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

problems with the bond pad resistance.



10 characteristics should be identical to the first TiN |ayer. 34.
Ani sotropically plasnma etch the Ti N and gl ass using actuator mask as shown
in Fig. 56. This nmask defines the actuator and paddle. CD for the actuator

mask is 1 Rygo9mssisOverlay accuracy is +/- 0.1 mcrons. T%mﬂﬁ)%&,&, of the
etching process Is illustrated in Fig. 37 with the glass |ayer 2

sandwi ched between Ti N | ayers 251, 248. 15 35. Electrical testing can be
perforned by wafer, probing at this tine. All CMOS tests and heater

functi onal i by and, s 80 AR PrEOH Sai bR (ROl HantBieeTs0PCab 400 .

Deposit 15 sacri mat eri al are man ossi bl e choi ces
for this mat gy indlimizeherinsdssrdss al the gigss. Thereal smseould]be@dmdtbyatleawaeposm a

15 micron | ayer w thout excessive fe

selectivity t denosition teIpResatuIg RPWEVRE ¢ @E?i?%?ss %%‘B%E?rﬁﬁﬂa d eshggfags 18
phosphosi | i cagg Refl twh BiyeR op TN Oftie! TiNAl & /TN &6 1 {yBRSGYels bendduy mer s
such as polyi %n ﬁ&%ﬁg&a | um numye% ther a close CTE nmatch to silico (BPSG

wi th thes corr extheniusdistess, ahdlr«tsehs ipohe glasscheingoindar qopsiant SORPresSibHRTH & ich

(aI um num ) IS re efg‘u Q(z?c%%? uses BPSG O these issues, stress
i s the nost dIIFEEHY #bee lgn? e &4 Tene | ayer thickness. BPSG nornal |y
has a CTE wgi IDeBgdi9 dictbonadf nﬁfgnsttdn spattered EENL Thmlgyerns dapositedde adricel bend
corrpre55| ve streéss. However, the. gpfg Ht | orjmg Er SS can b&e vari %g

Si gnlflcantly&@@eﬂlfﬁeqﬂﬁ%ﬂlméﬁﬁ § 1qvhetTijrand glapIgyrrs: R PIRETBESG | s
a sacrificial é’&igfrom c'u;flrr? vﬁ%rréle bd BoRNGRE bdcaificrl ﬁaﬁéﬁﬁls "Eeqi¢pdtitionand

conposi tions K6 nor ma sul tab as a CMOS dielectric can be used. Low
densi ty 10 hi gh chamasristies slwuwlaxdtntlghl twsheeﬁrst'ﬁlmlémf are all benefici al

characteri s Ics.as th | | e ECVD
gl ass when ‘%‘Aﬁﬁs"éﬁ‘? ‘3%& °t§}||:'518t%?ﬁa}'€g] agséfsq}% e%ggga%]ik %%:h}‘gf(ﬁﬁﬁ?&to a
depth of 2 m Cﬂ‘l‘ﬁ’sﬂﬁadltﬁeﬂﬁestth@adim@@dlﬁmddeﬁ)ﬁm‘themammaﬁk@lﬁg:rem as to
formthe structure 254 |IIustrated in sectigon i.n Fi %&fn Fig.
| WD 03/ 0183150veday a9utacyisrd30.1 pgicmns. § qrﬁ%@“é’fﬁ“’* &EW‘?%?&‘BHEH 558 g
subsequent !y Ggpas ﬁf‘tﬁ?ﬁ%&{ﬁg&% siRuARBLRBR N flérs 051 TS VP Thi s

i ncl udes the vari ous ot her ui d control f eat ur es.
CD for tjge BeZRlb@ricwsdstingcad beiperfoms:d b@mfenap;olang etrthr@yames All/CMQS4esis andons .

38. Ani sot rop| cal I pl. as et,c t he CMOS
passi vation | difé “ﬁ%‘? tyand o WM%&% eagonmlytgg? r%%ng%&Fl g. 62. This
mask defi ne%ﬁ]ﬁ%o@i?:’cg bBcreRPEraaErifich) thabitfall dthefe asdinanifipssiblewtibioes fot tiss 255 as
shown in Fig for the chanmber mask- is 2 mcrons, O/erla%{) tﬁuracy

is +/- 0.2 ni cnaesal. Be esmngakiequipmEniiass e Sbilty osdepos)t 2l W at
material 257 ag | ]v%%a#&%?ag%hg taﬁhg m%e ch sER ﬁt}eﬁtljﬁm gﬁE@d?xﬁ"ﬁiNe&v@falt hi s

material are ifrerevan a con uct or,
20 possibilities are phosphosilicate glass (PSG), borophosphos111cate glass (BPSQ),..

polymers such as polyimide, and aluminum . Either a close CTE match to 5111con
(BPSG with the correct doping, filled polyimide) or a low Young's modulus (aluminum
) is required. This example uses BPSG. Of these issues, stress is the most demanding
due to the extreme layer thickness. BPSG normally has a CTE well below that of

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

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

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

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



10 insul ator, or sem conductor. The material should be: chemcally inert,
strong, highly selective etch with respect to the sacrificial material, be
suitable for CWP, and be suitable for confornal deposition at tenperatures

bel ow 500 Gyoeibissfdl € materials include: PECVD gl ass, MO atiodoo7ECR CVD
Ti N, PECVD St 3N4, and many others. The chpice for this example 1's PECVD

TECS gl ass. This nust have a very low water 15 content if BPSGis used as
~the sacrificial material and anhydrous BF is used as the -sacrificial. -

etchant, as t$§ 9@%\1& g@gﬁlg\%&ﬁf Jrglais@&ea{&nﬁ\@a bsifcveRtbattiOtoepolMRd 1000: 1

etch selectiv ass. " The” conforned overcoat 257 forns
a protective offusmgiGMP ST inchdesthe notelesdhemsstvesrint vauousioghes flgid copEolt her mal

bend actuator whil roptti venent of the. act L W Rl shel | .
20 40. Plan af?aﬂge%ﬁfpo&é?g&rm?ag&‘%ﬁt ong. 1y }agﬁcﬁlg‘fw&gls gi/ysé@l cﬁlﬂ?ust rat ed:
in tig. 67.3dhesNRcRARSE dth b eaiche 14yer dviwdi @it CMOSpassivationdayent +/ -
0.5 mcrons over the wdfer surface. Dishing of the sacrificial terial is
not rel evant. u?.‘lln'gﬁlaqhmenm@krﬂéilﬂsﬁsteéwlga%dmsﬂﬂkéﬁﬁ‘l@@é‘l‘e jozge § %5’?9.
260. The rigidi of th BANS At t ept BogdeEmadianber
structures duraf‘aécw ﬁhgouo%ﬂé&{é&hg hlglskig?/)é? g}éc{v@lrlgp\}%?gh@nggﬁg?f ect the 25
choi ce of sachg$ iiérahs. Ovelay stosracylis +/-Mi2 mi¢rhss. pri nt head wafer over and

| t the front i di zed . si.li.con. : <262.
T He b Lt aas8appet 0.5Gmeuens ey ORIdmsCeYetioR ety 25T SRt MR 65202
by way of gl ue{‘h%@?ecu'iz%gprg#»&ﬂgs OakiS LateRfiare HelBRint, 88 It kdxibe dondidton t he

(0] Cr

print head wafer ons using backgrinding (or etch) and polish.
The 30 1oaf er ihdulmor, oxsenscqndndtor. fFbel materiabehobld beheherieally dnggh Blrongoighlyi ng

duration for deep. sil.icon etchij f 5 . 3 hours.

Tﬁe al: curacy éF]eeEtI‘\‘?sezﬁ‘g’lew%‘ 5"15?‘?"? toﬂtggts %cﬁ%lcgi %H%gall' Pr%%glg ff&a%g?ij ér}\g b%ar d- rr;si

thic ckness :3 Eﬁit%«ﬁgf&@gaffoﬁnfn#@pmt n af empaEatiiras Bel8s 580 1C. mwdmwm_ B3763

waf ers cou e i Nne urther_to_i . . i

ef fici ency. Thaclude: FECHD slgss MQEY R T hgéﬁr&é%@%ﬁé{’ﬁﬁlﬁ’@éﬁ%rog%?ﬁq ity

after sacrifi Ci‘t?e' ‘ﬁgﬁg%ﬁhﬁg" gle iOSReeD tTEogSQQ%. Ri6 GhudBisdve @Zefy 10% vatens Of
e e o

PECVD gl ass) on't acksi the wafer and pattern using the inlet mask
as shownsi n Fi @ntea?if BESE isasal avabksacfifidlalgmaterialiand erhydrous HEGH ugeds $shsequent

deep silicon etch, whigch is to ept f ] i doh ; Kk
selectivity ofsa%@‘?l\éfetéhwg a%’&‘% ?%ng(ﬁﬁgﬁ ?tﬁlggegﬁ%lfﬁﬁgf%*&%qogﬁgﬁg?%l@?hed
through the wWgfegelectiit] 6f BPSE obéH EROSTERAS. IThe 4omfommeisvercOaed Y/ dyrmmacur acy i s
+/- 2 mcrons. The inlet mask is undersize hy 5, ZSQ%CW“SM?RQECF&‘ h,side to

allow for a repmpctivaroveringsheH graund theooperationd! @erions ey the thefp M h
depth. Lithography,{ Qb hibveth&R of EeacrhalBR WithfH the Rl B

20  40. Planarize the wafer to a depth of 1 micron using CMP as illu‘stratec}‘ in Fig. 67. Thé

CMP processing should be maintained to an accuracy of +/- 0.5 microns over the wafer
surface. Dishing of the sacrificial material is not relevant. This opens the nozzles 259
and fluid control regions e.g. 260. The rigidity of the sacrificial layer relative to the
nozzle chamber structures during CMP is one of the key factors which may affect the
25 choice of sacrificial materials.
41. Tum the print head wafer over and securely mount the front surface on an oxidized
s -~ silicon wafer blank 262 illustrated in Fig. 69 having an‘oxidized surface 263. The
mounting can be by way of glue 265. The blank wafers 262 can be recycled.
42. Thin the print head wafer to 300 microns using backgrinding (or etch) and polish. The
30 wafer thinning is performed to reduce the subsequent processing duration for deep
silicon etching from around 5 hours to around 2.3 hours. The accuracy of the deep
silicon etch is also improved, and the hard-mask thickness is halved to 2.5 microns. The



10 instead of a stepper. Alignnment is to patterns on the front of the
wafer. Equipnent is readily available to allow sub-m cron front-to-back
alignnment. 44. Back-etch conpletely through the silicon wafer (using, for
exanpl e, ary$gfomssanced Silicon Etcher from Surface Tecp@p,lAggyoo%{,sterrs)

t hrough the previously deposited hard nBsk The STS ASE is capabl e of
etching highly accurate holes through thé wafer 15 wth aspect ratios of
30:1 and sidewalls .of 90 degrees. .In-this case, :a re-entrant sidewall

angle of 91 d ?seéou;l@bé ﬁﬁhﬁn@d ﬁﬁ'ﬂl@f’ﬂg‘ E}o've Erch ﬁuﬁﬂ&ﬁﬁﬂt 170 B ekfici€iop.SEHe
because the A pertforns better, | gher etch rate for a given
accuracy, Wit linfitatidn phwafer thickness :sahe pnmmgadefragditsefteréacrr@%ﬁP%et tch can be

conpensat ed by making the n.the 1 Vit etch
angl es cann‘lﬁ Bb&BO %Qghﬁgﬁe@ﬁg%ﬁgwrgas %&\Gygﬁ?ﬂ%% ba'é’f? ld (gl es é\fgﬁl d ~
nerge. The. Batte?n é‘élﬁé’thefixﬁét@ﬁémaystﬁhlﬁﬁﬂiFiy 67.1Ths h&td&hask'ﬁﬂiﬁlgf phislused esul t
Is as illustrate 69 i ncludi ng back etched ink channe]

t

264. 45.5 Etch fa1the s»bpcqwdt deep siliemetchawlieh At i aslepthy f 3¢, micropsyith gg*;fél 322d as
f |

rateri ol The s spestyif R LT ARRE ellfs 9 i e Rt A€ RRRIichgh Ble

bei ng as showRyfdt, Equr the inlefmBREGH mme@vamytacmmawf- Rodieonsydhefrlef | it

can be renoved w thout etching the CMOS rs.or th

gl ass. This canasb@ur@emmcf %‘Pﬁ‘if%eﬁeﬁhg@?&?ﬁc{% Qr 4 2 S et@l-? e(g; gl ass

such as TECS, #E{e St géééﬁﬂémntﬂéhaé ptt: IQRoSasHY forthid ship uaégmmlgnat 60 C
a n

[L. Chang et rous HF etch  reduces processing ste for DRAM
capacitqos", Sndtead cﬁtaate@péli’eAhgvhmg}SWmttemﬁlo > frant of ghespaten P‘?@@Si The

cctuators ai LLEE S QSR Roadiy SRS Bikhpgamench oLner, | and Trom

amnumi s us as the sacr|f|C|aI | ayer

instead of BPJacklefhrtond; fietél ¢ FRMEph thesikoniwatedusing, Ifoﬂeblamplleean bi&Advamgd and
this step is WO 03/0183 PCT/ AUQ2/ 00763 2‘?%‘8?}‘ a%éh %it
| oose print he%tljsomﬁtﬁwféf%ﬁm Aechmalosy Ayt oy ep?’ic?ﬁ‘t(’“ﬂ% t hei r

packagi ng. This iLf e ?Zg?&?&%&ﬁ&bi&ﬁ eRfing RphiRBGKRHOLs Birbih thewdfer ar e

fragile. The' waf er |s especially fragile, and should
not be tjguc hedwuﬂ' hépsctiratiasax $0:15nd kidewallstof 9p degreasnindhighergead regentraa sidewall

difficult to aut The kage o
hlous: n; i ncor p%‘rg&mafr?g 46&49%\%3%& “"t“ﬁ‘&? §'5%%1?§Qn cgﬁ Sfr?éc}gnggd%g e ﬁgEl in

to the ink inl ik bithe, WRe Khigherlehd rie fdita givenchceubing, Wﬂhhal\g@tkylr&entpm:bw des
nmechani cal support to the print head. The packag |aI esigned to
pl ace m ni nal angle: édso, B e- @mn&ﬁclpcandmomaenﬂﬁtg@ Py B’G{“@gﬁ}?gp ?PP&%’S“‘ enly -

al ong the | ength oft tihd S

pac kgge wth g ’bdgf?fﬁ | an seﬂa{?agl&?‘ (%Jg%mﬂ{otﬂésmm éO%lﬁhm béthse

20 " mask holes would merge. The. wat'er is also preferably diced by this etch. The final
result is as illustrated in Fig. 69 including back etched ink channel portions 264.

45. Etch all exposed aluminum . Aluminum on all three layers is used as sacrificial layers in

certain places.
46. Etch all of the sacrificial material. The nozzle chambers are cleared by this etch with fche

25 result being as shown in Fig. 71. If BPSG is used as the sacrificial material, it can be
removed without etching the CMOS glass layers or the actuator glass. This can be
achieved with 1000:1 selectivity against undoped glass such as TEOS, using anhydrous
HPF at 1500 sccm in a N atmosphere at 60 °C [L. Ch'ang et al, “Anhydrous HF etch
reduces processing steps for DRAM capacitors”, Solid State Technology Vol. 41 No. 3,

30 pp 71-76, 1998]. The actuators are freed and the chips are separated from each other,
and from the blank wafer, by this etch. If aluminum is used as the sacrificial layer

instead of BPSG, then its removal is combined with the previous step, and this step is
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silicone. 48. Formthe external connections to the print head chip. For a

| ow profile connection with mninumdisruption of airflow, tape autonated
bondi ng (TAB) may be used. Wre bonding may al so be used if the printer is
to be operated with sufficient clearance to the 15 paper. f e bond
pads are aI‘BﬂQJISWéISIOO nm edge of the chip. There are a tgéyrwgyoot/ 04 bond
pads, in 8 identical groups of 63 (as th® chip is fabricated using 8
stitched stepper steps). Each bond pad is 100 x 100 micron, wth a, pitch
of 200 micron. 256 _of the bond pads are used to provi de power and ground
connections t ®Mifled-actuators, as the peak current is 6.58 Anps at 3V.

There are auy ghigl %;fﬁwf&sébm%ac&%me@aawﬂﬁpfo@e,tamenﬁmm the pAfk headsin theiad (24
data and 16 control), which are nostly bussed to the ei i dentjc

| .
sections of t pecknging Thisanbst begloneatefy h@bt@@ﬂpﬁégmtgi;dﬁ é‘&é‘a&iﬂc'&ﬁé print-
D T b BB U il 00 A Sl gt o

pol ytetrafl uo ere are also nmany other ways to
achi eve §his. shsultiibe ptferimddinsaniallyl o icisrdiffioblt eechuinmate Ghe package i28 custom

protuberances formed in previous steps, the hydro f‘gaj' | ayer s _an.

“optional, extlﬂ.&CtlftlbnO]ﬁ‘FiDléﬁlc WHW%EF%WW’H%C{‘WEG "?5”5@){3{ © AFRIORSIALG, ¢

head becones Cc%’fl:{ﬁ:?ﬂ ﬁ')acﬂéaﬂg%etg biSthe bacg(&f t@ﬂ:‘ﬁt k2@, THe _P%Ek&_g@ ARG ptovidest hei r
et provi d i nk

sockets. The soc es power, data, "and ink. The ink fills the
print-head by meghiahicalrsiipport talthecquint head cBiverpiackagd ismspesiallysigsignaddoplape wit h

ink, and test. Fig. 74 il]ustrat he, f.i ] ' | nozzl e
chanmber. 30 Prgfyod sEESSARpe p’&ﬁiﬁ’ ch%})b‘ftﬁlthsa{ %ﬁ%ﬁﬁoéé’ﬁgﬁ@acﬁgggé llg—_}lx@r]r%r@eThéz
CMOS progess PghcR4ge! BheSpritit hbddae gluedintdxis\package with asvinpliamgeaBDBichrascess  of

0.5 micron dinensions or better. The MEM5 process paraneters should not be
vari ed WO 03/ 0siB®ns. 21 PCT/ AUO2/ 00763 beyond the tol erances shown bel ow.

Sone of {Negg RAIANE ERERRFchiLtiold1S dRGHFROI hPCRE BRI6RIBBehrbitnilias.

whi | e ot hers have nore obscure relati NI ps. exanple, the wafer thin
stage affects mfi#monsiisraptibnag eirflaweytapfautdmetaidopdiog (TABhmey bhusedhWirehi ckness

of the back-sjde_ hard sk, anpd .the, di gmensions of the ' tic

i nk channel roP¥diRg may ggb*{fé??‘g’g thRsin ?‘BiFaP%P‘S% gltggﬁﬁﬁ%%gg%gﬂfgﬁé

Par anet ej.Type iqt ¥4 Bie 10BShsletyd df\tRdVERD]. SR ZT a tedd Df %
Vaf er th{sckne&%%o%%g%%ggﬁgﬁ&%N Iel Juncti%dn dept hGVDSZ%'s’?l%Ré({TQO %/o n+

Junction dept hSMIBmdpBds, H08 RiBntkal groups of 63 (as the chip is fabricated using
stepper steps). Bach bond pad is 100 x 100 micron, with a pitch of 200 micron. 256 of

the bond pads are used to provide power and ground connections to the actuators, as the
_ peak current is 6.58 A_mps_ at 3V. There are a total of 40 signal éonnecﬁdns to the entire
2(; | print head (24 data and 16 control), which are mostly bussed to the eight identical
sections of the print head. '

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

25 protuberances formed in previous steps, the hydrophobic layer is an ‘optional extra’ to
prevent ink spreading on the surface if the print head becomes contaminated by dust.
50, Plug the print heads into their sockets. The socket provides power, data, and ink. The
ink fills the print-head by capillarity. Allow the completed print heads to fill with ink,
and test. Fig. 74 illustrates the filling of ink 268 into the nozzle chamber.

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

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



p+ Junction dept hCMOS0. 150. 20. 25pn25 % Fi el d oxi de
t hi cknessCMOS0. 450. 50. 55pmL0 % Gat e oxi de thi cknessCMOS121314nnvV % Pol y
t hi cknessCMOS0. 270. 30. 33mL0 % I LD 1 thi ckness (PECVD

gl ass) CMOS ? pml6 % Metal 1 thickness (al um num 65pnB %
KLD 2 thi CB%‘ZQ%I‘?‘ BECVD gl ass) OMOSO. 60. 70, 8pniid % Met al iﬁg. iﬁgzé"%g“

(al uni num CMOS0. 550. 60. 6. 5gmB % 1 LD 3 tH#ckness (PECVD

gl ass) CM>s0. 60. 70. 814 015 Metal 3 thickness (al um num) CMOSD. 91, 01. 1pnfl0- % -

R S R S e
i %
Act uat or t ( %mg&g@%@cg AR oieliave %109@05%@(!&5 r@fﬁtﬁﬁ@lﬁﬁ@ . PSP Eextesile the

t hi ckness 90.95gnb % Sacrificial |ayer thickness (low stress

BPSG) MENB1 3wafasihih sagarsifedts thomst endacshracRpiShy NEVS!JJQQE etrh, the Hicknesaefibs e

e o UYL SHRREH of b i Bt
pol i sh) NEMER QB3R RRBdessParfmbeBaakbeistblies:d mask (Si O2) MEMS2. 252. 52. 75mL0 %

STS ASE back-etch (stop on al um num MEMS305325345gn6 % Control Logic
Turni ng over to F|g 76, there is illustrated the associated control logic

fo[ a tS| ngl MOZZe— The [CRILT O 10| NomOPyhe Wt zeﬂ,ltod_
Gl oo N TR D T B LA TS T e
The basic dp¥sferttiicressi s t o _shift dat a |t E¥8S dne 60%| £ 1659 rﬁéi abm obo3§ % | t he
next unti || N-Weil hmétim dpthce. Subsequert EMOStlhe data 35| t trahskerf dd0 %d a
transfer reiRiondéepth upon WO 03/ 018318MEET)/ Auld2[ 00¥5B 0222 muat | was fegn of a
transfer en @]&c&;ng% Z86." The dafa i ambetlcheds | n d.0p ok2s anmhel wegi|st er
283 and su TSR icHess? (1 TTT10_PHasH ERBETIOT 035 Nad.5 £835 1| Syt | 1#18%] t O
activate a gate ,a_-"r. oottt put—of—ar :'EﬂbS' JCENTY nqgu A 281.
As the pref AL-at-gR—ttHHZES ay-Lf Ak ot et | on of
all 5 contrpobdhigkeesitry one form of <fMp m NS @imlog o T §+ sie& t he
control ci r Dl hjckpgsy (PECVD glass) CMOS 06| 07[ ym | +16%

Metal 1 thickness (aluminum ) CMOS 0.55 06| 065| pm 18 %

ILD 2 thickness (PECVD glass) CMOS 0.6 0.7 0.8] pm 114 %

Metal 2 thickness (aluminum ) CMOS 0.55 061] 065] pm +8 %

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

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

Overcoat (PECVD glass) CMOS 04 0.5 0.6 | pm +20 %

Passivation (SisNy) CMOS 0.4 0.5 06| um +20 %

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

Actuator thickness (PECVD glass) MEMS 19| 20| 21| um +5 % "

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

Sacrificial layer thickness (low stress BPSG) | MEMS 13.5 15] 165 pm 110 %

Nozzle etch (BPSG) MEMS 1.6 20| 24| um +20 %

Nozzle chamber and shroud (PECVD glass) MEMS 0.3 0.5 07| pm 140 %

Nozzle CMP depth MEMS 0.7 3 13| pm | +30%

Wafer thin (back-grind and polish) MEMS 295 300 | 305 _pm +1.6 %

Back-etch hard mask (SiO2) MEMS 2.25 25| 275 pm | +10%

STS ASE back-etch (stop on aluminum ) MEMS 305 3251 345 | pm +6 %

Control Logic

Turning over to Fig. 76, there is illustrated the associated control logic for a single ink
10 jetnozzle. The control logic 280 is utilized to activate a heater element 281 on demand.
The control logic 280 includes a shift register 282, a transfer register 283 and a firing
control gate 284. The basic operation is to shift data from one shift register 282 to the next

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



now be described. Turning nowto Fig. 77, there is illustrated a schematic
bl ock di agram of the corresponding CMOS circuitry. Firstly, shift register
282 takes an inverted data input and | atches the input under control of
shift clockin l.gnal s 291, 292. The data input 290 is o 4 to the
next shi ftWPe"g{"ﬁ’g’F and is also |atched by a transfer reg#éﬁg}tm%g?sunder to
control of transfer enable signals 296, 2297. The enabl e gate 284 is
activated under the control of .enable signal] 299 so as to drive a power

t i stor 300 which al|ows for | sti.ve  heating; ist.OL Th |
functi onal ReGvaen efRTRier prblEPLase ot Spad Bhand plpe cilbe Bl s 100,
gate 284 ag@%@&@eﬁ@% BRANE CORTYI SignilIZe9 Wnetaized eattivitetapawe8d korl | ed in

I rcu

the art o It design. 15 Replicated Units The ink jet print head
can consi sbutpit of a leating pulsese heasfan elepient2¥led unit cells each of which has

basically the sane design. Thi esi 1l ¥ i | ng
initially to F?‘ég%?tseﬁcg’rn@-{?rggqtﬁoﬁs‘%pé & %@ggﬁﬁaﬁh y or gﬁngggf]%l_of
di fferegt comidEiralitry,ane fomibf shitatte CMOSiniplemertationdifshaeantrohercuzy willg. 79

illustrates the unit cell 305 oil ' i d 306, The wunif.,. 05 i
Copi o0 anaondsidwabed TumiaggeviiaiberThr AGRed RngmaGe iy afiofn. ' °

the diffusi ; lefcuitr). PRy {HOR rdgdsteti 282 taked an &DBrtedidmea impynal s
290, 291, é@co@%ﬁ%#@%ﬁ%‘%%hgrgﬁgg% e\l;ig?))susl y discussed with d f erence

to Fig. 77.andlaxhebthe ingutundeocontred ofishif clogkiag signgs 29h 393(:%8@“?%“‘% Her al

| ayout includin he, shi ft, .peqgi.ster .. ' drive
transi st or .ouspRt g?f{)‘i?rﬂi’%ﬂetxlt fk“ﬁtf%s %fraf‘\t}ég {l?oglﬁé:ﬁésc% %}?9 gglﬁ)s‘?%rr{g@%glg?%glr‘}aﬁgper

pol y- 1 ayer @nGol of ddndfH énbible Sifhﬂk 09§)2b7. Tiee/émbleaates28dds antiviated under the
perpendicular traces e.g. 312. The perpendicul ar t e Al | gportant in
ensuring t reantrolns enahle signal 890 sasyp drivs aP‘é""ﬁé‘&P%‘F“’éé@ﬁ%ﬁ‘[C P@?%@Pfﬁ?‘gﬁvﬁ he
power transisto iyl SkIRd ] | trihsfed Fpigr 2BD mad
runni ng ge [agﬁlq rgér%la?#eél g@?é&ﬁg?cui};r di?ﬂ%'?%)%&{(%‘mlrace 112. This is
best shown énablEigate284 aftQtandard IO £omponeatsvslindarstand tyrthessskiflad ifrthe gt d
directions of _the corruygations, which arise unavoidably due to the CMOS
Wi ring unde‘?frf‘el‘épﬁ,mf"é‘ta tant to the ultinate operational efficiency of
the actuator. In the ideal situation, the actuator is formed w thout
corrugatd ongeditatedtinitli Ng 2 WO 03/ 018315 PCT/ AU02/ 00763 23 pl anarization
step on the uppgr. .Syt Wel I3 t ¢6l18 gachlve
actuator. I—b\A/ep@Er"‘,‘E{ gﬁﬁtgs%d%%%grﬁ%{%%sfé% a@%%&?gtkéggcétﬁ%&gddi tional
process St efhich hhdbaaitally the siras ddsipn. Thix desigawiilbneweetdissussed a directi on t hat
Is transverse to the bhending, axis. of .the actuator ' raked.in the
exanmpl es, and pmjé‘gélﬂpﬁlyc@%é&'gﬁtthﬁqeé% uftfage %%ejlf??ﬁ%élnjs}gﬁgaﬁhggfehpan 5
act uat or th%tems\ﬁg%,y~md%{’/gdb@§l§eﬁfdi§cﬁgsﬁm§, than a flat actuator, which in,
many situations %e an acceptable result. By c‘ogﬂ ast gl%(%tlgati.o S .

that exgend | onBigt TRiillnstrates theyaniticell 305 o a 1 micron grid 306. The unitc copie
and replicated a large number of times with Fig. 79 illustrating the diffusion and poly-layers

in addition to vias e.g. 308. The signals 290, 291, 292, 296, 297 and 299 are as previously

discussed with reference to Fig. 77. A number of important aspects of Fig. 79 include the

_general layout including the shift register, transfer register and gate and drive transistor.

25 'Importantly, the drive transistor 300 inéludes an upper poly-layer e.g. 309 which is laid out
having a large number of perpendicular traces e.g. 312. The perpendicqlar traces are
;mpona;lt in érl.éufiﬁg tha£ the conzugated nature of a heater element formed over the power
transistor 300 will have a corrugated bottom with corrugations running generally in the
perpendicular direction of trace 112. This is best shown in Figures 69, 71 and 74.

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

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



reduce the efficiency by about 20% conpared to a flat actuator. In Fig. 80,
there is illustrated the addition of the first |evel netal |ayer which

i ncludes enable lines 296, 297. 10 In Fig. 81, there is illustrated the
second |l evel netal |ayer which includes data in-line 290, SC ock line 91,
SOl ock 292WOMAIS TER 2096 and TEn 297, V- 320, VDD 321, RGHAYRA0763;
addition to associated reflected conpon@its 323 to 328. The portions 330
~and 331 are, utilized as a sacrificial etch. Turning nowto Fig. 82 there: .
is illustrated the third |evel netal Iéﬁé/er whi ch incl uges .a mlg%Firti on 340
whi ch is utplanprzagion step on therupperSuaceQfthe substzate SRR RHOIIS fQFIHpRING, AAPaLpr
actuator. i | ' bﬁﬁﬁe i € 1436 exsufelthat@halr €
with the p}ﬁ%\;eggng@fgﬁacﬁﬁlﬁgdgsc@%ﬂﬁ | ngsatg? g?tit?c}ngtall)rbj&ﬁﬁ gr%onnect i ons.

Tur ni ng nowoiragadtiogs exbéhd ih hdlirection thatlistsansueresitotthebndingaxisof theseptpraneat i ng -
circuit layer- inc¢lydin eater a 350 an 51 wWhi - e nnect ed
to the | owd u%?&ﬂ%&“?ﬁ%“ﬂ&%ﬁ%‘i pre%%a‘?bé:( Ws@ﬂd&r&g%"@ﬁ%ﬁ. ﬁé’{ifﬁ%\{f{sg{ e of a

t aper ed S| Qbrya@r Hahad By b82% l8aleFRvE: thaVeflal atthstof, whih inmapy siwiatieds end of
the actuator arm giving increased resistance and therefor eatipf and

expansi on iwillibean agaspiable resplicBY: eontragt, prrFugationsdhatiertenth lopgithginally oG | ayer
352 is electricall . f r otk 351 by a discontinuity
355 and pr69‘?"58gef%ﬁimél}scyll?ﬁag&atlm%sg&#&%tggrﬂ% ?%e mai n paddl e 356. The

di scontinuity mRFig 86 ahaeass itlustiasd!te ddditiontnfthe firstlovel yyetad dayeswhichincludes s ot
as shown at 355. In Fig. 84 there is illustrated the portions of the shroud
and nozzl e qnalgleﬂm?%%?ﬁu 7ng shroud 353 and outer nozzle chanber 354.
Turning; 40 Fi 9.1, 8B, 81 NBEE id ifludttatedthé Rlcork RvelRidtdl 0dyeBGflichfinctudas dayindlinei nk

ej ection nozzles Ich are divided into three rougs 361 - 32? S’t each
group provi2f0n§Cheklina®h S@Mdiﬂ%(ﬂ@ﬂﬁ-&ﬁn%%fé‘ﬁﬂ%@ﬁ?é nY 2340 oy et} o\ as
to provide full..three c L. ' f keck
buffers andnﬁ'&%‘%&@ %%%cg%%{rrgﬁé‘ggé <’I:c{s?19pé)|n§(1)t§ g?%@?&gd Tlhﬁbg@g?{ ?bg(r?ﬁ ?EBgond pads
365 for intgizedaesiacaficidiéeh.t he external circuitry. WO 03/018315 24

PCT/ AU02/ 00763 Each col or _group 361, 363 nsj.s f t spaced. r{.rows

of ink ejecti onHBIRERAY to gl%ggz fF‘é&Bﬁ“f'fﬁ&ﬁ’ﬁdfuéé ﬁéat“é?mg@feggﬁlgﬁmg eﬁ%?‘]t .

Fig. 87 [ﬁ ! lb@ﬁ}éﬁ&ﬂ%ﬁ@ﬁisﬂﬁfh%@ s AR VB uhderfeatithe AV ab@MOLITHM t h a
e i 1u

first area strating the layers up to the polysilicon |evel. ‘A
second ar eapdtian 341 is sitilizedi as gart EHS abtagtor strugpure with e partiens éerd 343et al , the
area 372 illustrating.the |layers. up to the second |level netal and the area
373 iIIustrBﬁoVWQPgt%gT%g‘é‘Fgc °Ct%8n€'he heater actuator |ayer.

Turning now to Fig. 83, there is illustrated the planar conductive heating circuit layer

including heater arms 350 and 351 which are interconnect;ed to the lower layerg. The heater
20 arms are foﬁned on éither side of a tapered slot so that the"y are narrower towa.rh the fixed or
proximal end of the actuator aﬁn, giving increased resistance and therefore heating and
expansion in that region. The second portion of the heating circuit layer 352 is electrically
isolated from the arms 350 and 351 by a discontinuity 355 and provides for structural
support for the main paddle 356. The discontinuity may take any suitable form but is
25  typically a narrow slot as shown at 355. |
In Fig. 84 there is illustrated the portions of the shroud and nozzle layer including
: shroud 353 and outer nozzle chamber 354. S S LT
Turning to F1g 85, there is illustrated a portion 360 of a array of ink ejection nozzles
which are divided into three groups 361 - 363 with each group providing separate color
30  output (cyan, magenta and yellow) so as to provide full three color printing. A series of
standard cell clock buffers and address decoders 364 is also provided in addition to bond

pads 365 for interconnection with the external circuitry.



The ink ejection nozzles are grouped in two groups of 10 nozzles sharing a
common ink channel through the wafer. Turning to Fig. 88, there is
illustrated the back surface of the wafer which includes a series of ink

supply channel.s 380 for supplying ink to a front to surface. Replication
The uni t Cgﬂos{%ys;.‘ép' icated 19,200 tines on the 4" print l%é@&m/:%ﬁ%? he

hi erarchy as shown in the replication hfrarchy table bel ow. The | ayout
grid is.1/21 at 0.5 mcron (0.125 mcron). Many of the ideal :transform

di stances fall _exactly on rj.d pqint, Wiere.they do .15 not. i stance |
is rounded to Epeh oolosgedp %ﬂ?%é?’wgﬂft? offtyo WW&B@WM&@%@%%&\%}? with an
asteri sk. . e}gﬁﬁaﬁ‘ﬁi&ﬁéﬁh@a"t&aﬁﬁ%f‘ﬂ@ﬂeﬁtfOm the center of the corresponding

nozzles in cases. e transformof a group of five even nozzles into
five odd nozzl Big. 81 Hlustratesstnediorm of @@l Iaysubin aotit awpemapngnwithe fisy afedr t hi s

step occur om a, position where all..fiwve pair IG. ar €

coi ot dent ST BRAHERH iy v WEhd pRopu ot h ke i R E1 rGEGHE e

pi xel sGgi d&‘fy@fﬁig% ¥R eIk ehhaictal thelived STH illuqnsing iHedagersruprte tidl seanidaével
rotation451:711000000 1Even nozzl es in05:15225431. 75' /1013*1. 625* a pod 2Cdd
nozzl es i nostaland the ppepPI3 dHustratingthe tayers up fosthe Redfer AoWIBION BYP 4 COWY03: 1305

S699%87. 375" 7848 Ik bRl ATELRORS, RAS S085s 6700 ho2ARQhaRg BRRAGnaOdgr OUp
5Podgr oups per %%%Cf&%ﬁé‘? gge#g%g ?lﬁfae%rg%p 6Fi r egr oups &
per 04: 1240GR06 A R oTgH0ME wafer. Turning to Fig. 88, there is illustrated the back surface of

the wafer which includes a series of ink supply channels 380 for supplying ink to a front

10 surface.

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

in the replication hierarchy table below. The layout grid is 1/21 at 0.5 micron (0.125
micron). Many of the ideal transform distances fall exactly on a grid point. Where they do
15 not, the distance is rounded to the nearest grid point. The rounded numbers are shown with
an asterisk.. The transforms are measured from the center of the corresponding nozzles in
all cases. The transform of a group of five even nozzles into five odd nozzles also involves
a 180° rotation. The translation for this step occurs from a position where all five pairs of
nozzle centers are coincident. z o -

20



segnent-- 7Segnents per08:1192008W 1016012700000 print headO Replication
Hi erarchy Tabl e Conposition Taking the exanple of a 4-inch print head
suitable for use in camera photoprinting as 5 illustrated in Fig. 89, a
4-inch print head 380 consists of 8 segnents eg. 381, each n is 1/2
an inch inw(épﬂj‘flﬂ?é@nsequently each of the segnents pri n?%ﬁgﬁtgﬁ’g%ﬁél cyan,
magenta and yell ow dots over a differef® part of the page to produce the
final image. The positions - of the 8 segnents are shown in Fig. 89..1n this
exanple, the pri nt.Eead ia Essurred to print dots at 1600 dpi, each dot is
15. 875 m cr cation 80®hus each half-inch segnent 10 prints 800 dots,
with the segbments corrlespondi ng to, positjons as. illustrated in the
foll owi ng |t ablle: 03/ Q18315 4C[/ AUOR/ 00763 26 Segnent First dotLast] dot
00799 180015 216802399 824008199 320@39 9 40004799 648005599 756006399 -
Al t hough epclg|segmént prog.ucesg 800 ot sFof]| t i nal inmage, each dot |is
represente '-gky a @onbi na 'cn"§)f biZ | avéo cyd, {magenta, and yel | ow i|nk.
Because the gninti i s [bf Il|ev@l , gh anutﬁ ge should be dithered or
error-di fflused for®best |[resdyltss. |5 Ea¢h segment {381 contains 2,400 ndzzl es:
800 each of cyan, magentj@a, gnd yellow} A four-ifnch print head contailns 8
such segnentsifor a totdl off 19. 200 nozzle The nozzles within a sidgle
segnent ark grouped for [readons qf physikds| Gridalpi Aduely | Fixels &g | g4ctual
m nim zati pn qf power consurnption during pliwmis naaicens |t er i ves | gisqal
stability,| oy mitemsation |F4§.] 88 droups @f [0 hozzl s 3ar &0 gnolpad t0ogdt her
and share [NE [SAbdokabsint [0 ccHannel] res¢reoi |.254n |t 811565 {of/povidt |cbéStinpt i on,
t he groupi pgs |areapade slo tHat. anly 96 npzzleg are flired|simil tanedusly
from t he efitd rl€odaimbiies MEALRo [Si2nicd tibe |96 npzmhred wmisasilidl e | 198Mi 2aEriSt
distant, 1P ndzzl agodre [firdgd frgmeag¢h segnent.| To filre alll 19 200
nozzl es, 2003 | PpodsinaCMY | 0 | 3:1 | 30 | 5% | 699 |87.375%| 7 | 889 | 111125

1%

tripod

4 Tripods per 0 10:1 300 10 1270 | 15875 0 0 0
podgroup

5 | Podgroups per 0 2:1 600 100 | 12700 | 15875 0 0 0
firegroup

6 | Firegroupsper | O 4:1 | 2400 | 200 | 25400 | 3175 0 0 0

segment :

7 Segm_&lts per 0 8:1 | 19200 800 | 10160 | 12700 0 0 0

print head 0

Composition * . T | | ,
' Taking the example of a 4-inch print head suitable for use in camera photoprinting as

i 1

5 illustrated in Fig. 89, a 4-inch print head 380 consists of 8 segments eg. 381, each segment
is 1/2 an inch in length. Consequently each of the segments prints bi-level cyan, magenta
and yellow dots over a different part of the page to produce the final image. The positions
of the 8 segments are shown in Fig. 89. In this example, the print head is assumed to print
dots at 1600 dpi, each dot is 15.875 microns in diameter. Thus each half-inch segment

10  prints 800 dots, with the 8 segments corresponding to,positions as illustrated in the
following table: '



different sets of 96 nozzles nmust be fired. Fig. 90 shows schematically, a
single pod 395 which consists of 10 nozzles nunbered 15 1 to 10 sharing a
comon i nk channel supply. 5 nozzles are in one row, and 5 are in another.
Each nozzl e produces dots 15.875min dianeter. The nozzles_are nunbered
accor di ng t‘%f??q‘ﬂ%sﬁ?der in which they nust be fired. A thdfgiPtBRa%%dzz1 es
are fired in this order, the relationsh of nozzles and physical

pl acenment of dots on the printed page is different. The nozzles fromone
row represent the 20 even dots fromone—line—of the page, and the nozzles
on the other row rlgpPegment | Ir b adj acent |ine on the page.
Fig. 91 shows the jsaneopod|{395 With tlhe n@¥zl es| nunbered according to the
order in which they nust be | ocambed. The ng¥les|within a pod are therefore
| ogi cal | y separat ed Dyt he |w dtigooof 1| dot23sdhe |exact di stance between the -
nozzles w || depenpg—ongThe (propgdd | es| of il 1nk jet firing 25 mechani sm
In the best case, [ T Neagogoul 0 bezgdest gihed with staggered nozzles
desi gned to match pre—ttowtof L27 R TiBoWor st case there is an error of
1/ 3200 dpi. Wil e WO-63+038315 %do PCT'AL;C%Q“GTG:‘ this error would be

vi ewabl e under a njec+oscopa—ioer—periteptty b.ai ght lines, it certainly wll
not be an apparent Lin 2 phffn(}éﬁgqhic Frage- shown in Fig. 92, three pods
representing Cyan 398, Magenta 197, and Yellow 396 units, are grouped into
a tripod 400. ri ' e, 8&%h dof is Iéprésesietis, but
on different Iiﬁﬂgs?bw%aghg%%@?g{ogﬁaegg?%ﬁ?\?\g@%ﬁg???g%ent col Q}q}pods depends
on the i nkyy £éonthieation iofibi-lees] apat, eagenta antl yedlpwink.\Becausatherpsinting sjbidevieh

anot her. The di stance cap, be. considered.to ant nunber of

dot - wi dt hs,thaﬁﬂ’uh’ﬂ?ﬁeﬁli‘@\?%g%qlg‘e Bofglkr?—fﬁ ffﬂﬁeg?grcb%(s)t&g{lﬁ&'v\hen printing: the
dots pri %t ed bygdch Qe%%.‘{éi‘i'i‘%!@@oﬁ't&% 2M0olnokAles: 800 elich betyant mhgentsarndyetiowhdse
printed by the magenta or yellow nozzles. The %ri névé&? al gorithm nust all ow
for a vari afoupinch print heed pentaing8 sush segmentsgforpotahiof 1 $200 922 ystrated in
Fig. 93, 10 tripods £ %Fedgg A £6r 184084 & pghHe eibilifds
Since each trip @Sﬁg%?v@ﬁﬁ oezsrze?@g&?t ed hﬁ%odgroup corﬁhgi ns SOO%ZZI es:
100 cyan, 1QQN afmesinizatiencf pod@r yeistmptionoduzing printitge Innterrasefebisvieal sabidifn\n
schematically in Fig. 93, wt trigods nunber.ed .0- | bet ween
adj acent traao%yninsg@x%g@m&d"f“&?ﬂ%ﬁ Ay FP?PE%ltggeﬁcr gﬁ%\_%&&l tﬂé %I g. 94, two
podgrou 38 ( E’]&}Qﬂ%?%%ﬁvoﬁ.lﬁm 2Rk FYdeerstnSuritibh, e Groupingsare 2ede sothat anly 96

si ngl ef regr oup , Wwth 4 firegroups in each segnent 415 Each se@gant
415 cont ai naozkldsiareciiyed sinsitafdeuslyiftonpthe entise prigtdisa ﬁ%@é@ﬁ%ﬂwg‘@? Hogtd bes

exagger at ed nlca.)(zxrn'xall%lldi’lsrtg.ntt,y 12 nozzles are fired from each segment. To fire all 19,200 nozzles, 200

different sets of 96 nozzles myst be fired. c ‘ .
| Fig. 90 shows schematically, a single pod 395 which consists of 10 nozzles numbered

15 1 to 10 sharing a common ink channel supply. 5 nozzles are in one row, and 5 are in
another. Bach nozzle produces dots 15.875um in diameter. The nozzles are numbered
according.to the order in which they must be fired.

Although the nozzles are fired in this order, the relationship of nozzles and physical
placement of dots on the printed page is different. The nozzles from one row represent the |

20 even dots from one line on the page, and the nozzles on the other row represent the odd dots{
from the adjacént line on the page. Fig. 91 shows the same pod 395 with the nozzles
numbered according to the order in which they must be loaded.

The nozzles within a pod are therefore logically separated by the width of 1 dot. The
exact distance between the nozzles will depend on the properties of the ink jet firing

25  mechanism. In the best case, the print head could be designed with staggered nozzles
designed to match the flow of paper. In the worst case there is an error of 1/3200 dpi. While



Nane of G oupi ngConpositionReplication RatioNozzle Count Nozzl eBase
unitl: 11 PodNozzl es per podl1l0: 110 Tri podPods per ClYWtripod3: 130

Podgr oupTri pods per podgroupl0: 1300 FiregroupPodgroups per firegroup2: 1600
Segnent Fi r egroups per segnent4: 12,400 Print headSegnents per print

head8: 119, 2@° 8°1_lgad And Print C cles The print head con?%’ﬁgozé?ol“ét al of
19, 200 nozzles. A Print Cycle involves tehe firing of up to all of these
nozzl es, dependent .on-the information to be printed. A Load Cycle involves..
the |l oading up of the print head with the information to,be .printed ring
the 25 subshiyesnt wheldbe vigyeble under@rmigeseape forperf Yé&@%ﬁhﬁ linesd %@?&%ﬁﬂgbl e

(289 of Fig. 76) hbit t ' 03/ 018315 PCT/ AU02/ 00763 28
whet her orq?%;e%lh%ppr%%gﬁ'ea%%h%; Hgﬁlg ring the Print Cycle. The

Nozzl eEnabl e biA$shownén Bigr 92, tinze pads representirgiCyan 308, Mageata 197, andi Yellow :
registers. Logically there are 3 | ft regjsters r_col deep.
As bits ar 3%Hmits.E grapepd iped ’gﬂ‘ﬁ?dor égq"g‘?c!arrep’[eﬁeé‘fﬁg? %mgel k?déigg rgtglc{la e | ower
and uppey n@ag |bﬁtgorp(ﬁg@11e¥|€ﬁd"é§‘.t'ﬁme%£ci Afstande Betvennidférynt cORE PodiQizpeiris pn e f t
register is cdnprised of two 400-deep shift registers: one for the u

SOl pper
nozzl es, anmkget@péroting przarhesousandanay|vewy. from prs ink et tgpnothes, khe distance gan B¢ o ¢ he
alternate interngl registers. r ' i _
concer ned h?ﬂﬁé\%ﬁ’i”g R Reeg%or’is‘tsant;num na{,@oé.gzgdthggg%%gﬁﬁt?%éﬁo%ﬁe?%@fiﬁt&ag%ouﬁ | the
shift regi siygesprifing: theass brihley by drdgah fdaalRs will befoy different bestthan theses are 10

transferred in araF:I el to the apprqpriate. Nozzl eEnable bits. |.S..efuat es
to a singl ePlfi)@F(gW @F magenia of 1@910819“%18;)523& piRtng ag‘?ﬁlg“? ﬂ‘élswntgﬁ'sff’ ggbﬁggﬁt aken
pl ace, tlﬂﬁ Ei%@a%e@tii'aﬁo&%’ho’?—‘%ﬂ&t&. The Print Cycle and the Load Cycle can
occur sihul Taneously

as long as the parallel load of all NozzleEnable bits
occurs at the eAgilhbtratbbinFig. 3, 1/tzipeds dgndQs ate preanizest infpra single pgdgroun Hdge at

1600 dpi in_say 2 ds, .the 4" pript h . i At | § 6
<1600} RoSEl REnIBRLFoRpinsGR oralth ith pOS@R Mblains Sop Rt Jodtidn, 10055
200 mi cr 0seqnBetia arfl 0816w Ro2AMs, Tyarfangementisshowh echematically i Eigndiwithot h
finish within® this tine. In addition, a

( hysi cal ,process external. to the
print head tnipods pemeered@-9pdhbe distagce Qﬁ%‘?eﬁﬁ Jagqné tn&qgggﬁte;aggera?ed for agnty.
.15 As shown in Fig. 94, two podgroups (PodgroupA 410 and PodgroupB 411) are
organized into a single firegroup 414, with 4 firegroups in each segment 415. Each segment

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

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

20

Load And Print Cycles |
The print head contains a total of 19,200 nozzles. A Print Cycle involves the firing of

up to all of these nozzles, dependent on the information to be printed. A Load Cycle
involves the loading up of the print head with the information to be printed during the

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




Lbad Cycle 20 The Load Cycle is concerned with |loading the print head' s
shift registers with the next Print Cycle' s Nozzl eEnable bits. Each
segnent has 3 inputs directly related to the cyan, nagenta, and yell ow
pairs of shift registers. These inputs are called CbDatal , and
YDat al n. sﬁﬁ‘&@”?‘ﬁiﬁ%e are 8 segnents, there are a total OPCE/XB@%@E@ I nput
lines per print head. A single pulse on?fhe 25 SR O ock |ine (shared
between all 8 segnents) transfers 24 bi.ts into the appropriate shift . 3

registers. Alternate pulses transfer bjts.taq.t r | es
respect i vel yhetlsrgg pot %@?zéleéY‘Q?g@?%’@ tt‘l%é'%‘ftgg'f’ﬁgﬂ?eg&%ﬂ%ﬁg@g 8ﬂg{ﬂng gélz are
required foﬁozgfg? hq&gﬁg%.asmh@lggig{&,s_zoo bits have been transferred, a
singl e pul se on %I e shared PTransfer |ine causes the parﬁ,l | el st ransfer of

data from the dhigically thgiesared shiftgegisters apirolsrqagh 800\deep| & gIntory g
paral el 30 transfer via a.ouls f 4 aoulRéter the
Print Cycl egﬁé@%fr?gﬁt W“@ﬁ@#&%ﬁ%@?z@ éﬁ%&lggwtgﬂ%r t%%a line.

bei ng pri nt fgbriillyl edlR s0MAEITSBIT regiSienis@ombtisell of eworddn-decprshift wgistes: onetfhr a

si ngl e SRO ock pu]se, the printing software WO 03/018315 2(?.{%/,61902&00763
must pr oducthempperagzaes, and ons feighe kpier 3zglee It maly ‘tt“'hgeé}?"ftﬁ G 21 AR G
exanple, the first. 1l Swevid, tiielis ¥ shiglessoDor
the next Pr -nﬁ"c’“"&/‘%ﬁlsé&qu’%}( ?&Héag’g?‘lﬂﬁilé%%{fmg%%&%%}é, 2060, 4800, 8600,

The second &kfplshifkregislese wi Il transfer the CC M and Y bits for the next

Print Cycle's daot 1 01,..160 40 3 2R ter 800
5 SRA ock pul seé?cet@etﬁ?’%‘?gﬁ%@%?s ﬁfj‘feiﬁge%éﬁ}E)%aﬁg(?elgggiﬁﬁgs)’ladsiﬁ? rrpor%szfﬁét to note
that t hgo0dgh,ARgeays Parsliel M theREprepisk NuizieEmblebitsFhipequates tb 2 tingl¢ pagaliche
sanme Print Cycle, do not appear on the s

_ ) ane &Qgsi CﬁJ. og:t ut Iti)ne. fhe
physical s ertof 69,260 bit @ngm tho dspasierias ke PR it 1oh&Y P Pt SR g as wel |
B oduce. dot B CI R BELER CRISn Yok S g B8 A e o T ence.

produce dot en e page. 10" This relative difference
nmust be accoyakleBndble bitstoecurd atzthie ergl dftte Ritt €yclat o t he print head. The

actual difference in |lines de ds on t charact eristi of - | | et
used in the pri Morderdg@rmtg ﬁ??’f‘@ﬁ%ﬁc‘é@ﬁggﬁn 4 %ﬁc?rr?]&esd&%? @réétplg c?I(Eailé{mj[)l and
D2 wher &1 g%-iﬁt 9,56 st (SRY600)DRUIRAE QS 10,000 Iafcsdi & bevoadd yieldt wiine e &l y

0 , an |

val ue 4 s the distance between nozzles of the .sane .color
(likely val waomarpseccmdmésmgbrmcwﬁemﬂawnwaﬁ%qgwlﬁamﬁ@%é?@h\“ N 15 of

[ ReDot Li ot UrkeBadibhy B MkAF st SR ) MU/ HREARAL RNARold REpper o

appropriate amount.

. Lbad Cycle :

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

Print Cycle's NozzleEnable bits.
Each segment has 3 inputs directly related to the cyan, magenta, and yellow pairs of

shift registers. These inputs are called CDataln, MDataln, and YDataln. Since there are 8
segments, there are a total of 24 color input lines per print head. A single pulse on the

25  SRClock line (shared. between all 8 segments) transfers 24 bits into the appropriate shift
registers. Alternate pulses transfer bits to the lower and upper nozzles respectively. §igce .
there are I19,200 nozzles, a total of 800 pulses. are required for the transfer. Once all 19,200
bits have been transferred, a single pulse on the shared PTransfer line causes the parallel
transfer of data from the shift registers to the appropriate NozzleEnable bits. The parallel

30 transfer via a pulse on PTransfer must take place after the Print Cycle has finished.
Otherwise the NozzleEnable bits for the line being printed will be incorrect.

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



. 2N+D2800S+1 N+D1+D2800S+1N+2D1+D2800S+1 3N800S+2 N+D1800S+2N+2D18005+2
AN+D2800S+3 N+D1+DZ800S+3N+2D1+D2800S+3 i And so on for all 800 pul ses. The
800 SR ock pul ses (each clock pulse transferring 24 bits) nust take place
Wi thin the 200 microseconds line tine. Therefore the average tinme 20 to

cal cul at e MHROMB31§al ue for each of the 19,200 nozzl es mRGTVAPO0%Eeced 200
m croseconds / 19200 = 10 nanoseconds. 2Data can be cl ocked into the print

head at a maximumrate of .10 Mz, which will |oad the data i-n 80 L
m croseconds. Clocking the data in at 4. Mz will load the pﬁifgta' [ n 200
M cr oseconasust produde tiyddteintbe Toreechseqnench Serdheprint feats As 9N SRAINNG Hhe To

fire them | at once .woul d consu . : .'cin

terms of 1 RRGIENs misegl Hindsr B0 EH TE O {6 PRI BRI dot 6, Hon D!

theref ore @Qpei32be, 4000,24300 Hinkif5606 The pévad SRChEkpalse wall krynstir ttedhiMrod N es

are fired in each phase, for a total  of 2 n I

PCT/ AU/ 0(hits for thonext PR GOl b d 1e3:€°1( é‘quegfml%‘f" ?@H%‘A?Bg‘g{s %égg{‘?’a

fi regroﬁg) sﬂlﬁﬁ&ﬂ&%}%@ﬁ%&f@%&%Begﬂén.equate to 12 per segnent (since
e

all segments are *wr up to accept the sarrehﬁr;i nt signals). The 12
nozzl es from a Igis importantytoaote thatthe odstandlaven €5 Marpeh¥ puiphisediiough Pristsdce t here

are 4 firegroups, 3 nQzzles.fiye fromea [ Jif 1.as are
one per co?@ﬁpg%%%ééyﬁ?’é{od@i @Pﬁ?‘ﬁé‘g‘t}%%" ghigé@;b thpRlE)lgﬂz%I Mﬁ: ﬁ(sel ect
3hgf Aégagfé&gﬁﬁuéﬁ&r@da aR@&Nen Hagz164 Witkiih €k pint hévd, &S wélha spperatien bstwgeven by

nd BEnable |ines, which fire the P dgroqlrigA and P&ﬂgro%éB
nozzl es fr amzales of differgniciolass ersyyes shaf they yill prpdu My ntnes,of 'ePHEpends
on the viscnsit ' genge RS the Ya@ Mt tHRlprint head.
char act gdrl gﬂ?i au‘%%éﬁgersﬁﬁémun?&@gdp%%?%géﬁ%bl ea.t (l). ?helﬁgpi neta head.
The AEnabl eTirattfFdiffetencaindinse pepeadseon the chsacteristiescd the inkijet uigd in the PRE pul ses

can overlap. Thus the 200 ases. of, a Print C st : A phases
and 100 B phadekhe ‘é&?"@?ﬁef’ 9&% %?WF‘F}EP’ Yﬁf’(ﬁlbgﬁpg%# Blﬁ-’ﬁ@%@ ﬁ&ﬂ%trl}ghllﬁ%g%e B. Wen
a nozzle fillf,e?\%eed fozb Rk SR FRRA6LIFR{KED VARIR 4T 8),ané Do ixthe tistanceftietween Thi s i s
not a problemsince the entire Print Cycle takes 20 m'crfl%%e onds. T?’ﬁ
in

firing of anowslkesbfthalsame ralondiliels yalyeFl)y Table Depowsdhe doty aps foi spEmeh)
t he common ink channel zle's pod. The perturbations can

i nterfer® V\P‘{]%prﬂ'ﬂie?qe?"lt%fo a;’ﬁfé%er nozzl e within the same pod.
Consequently, the firing of nozzles within a pod should be offset by at

| east this a du-e—-s—t-o Hﬁfrcfsre fili'c it = mozztesifrom a
tripod (one Ag%ﬁ Epr col ¥§i9¥ apnd agenta yan
Line Dot Line Dot Line Dot
1 N 800S N+D; 8008 N+2D1 8008
2 N+D, 800S+1 |- N+Dy+D, 800S+1 N+2D+D; | 800S+1
3 N 800S+2 " N+D; 800S+2 - N+2D, 800S+2
4 N+D, 800S+3 N+D;+D; | 800S+3 N+2D+D; 800S+3

And so on for all 800 pulses. The 800 SRClock pulses (each clock pulse transferring
24 bits) must take place within the 200 microseconds line time. Therefore the average time -
20 to calculate the bit value for each of the 19,200 nozzles must not exceed 200 microseconds /
19200 = 10 nanoseconds. Data can be clocked into the print head at a maximum rate of 10
MHz, which will load the data in 80 microseconds. Clocking the_data in ‘at 4 MHz wlill load.

the data in 200 microseconds.

Print Cycle

25 The print head contains 19,200 nozzles. To fire them all at once would consume too
much power and be problematic in terms of ink refill and nozzle interference. A single
print cycle therefore consists of 200 different phases. 96 maximally distant nozzles are fired

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



then nove onto the next tripod within the podgroup. Since there.are 10
tripods in a given 20 podgroup, 9 subsequent tripods nust fire before the
original tripod nust fire its next three nozzles. The 9 firing intervals

of 2 mcro ives an ink settling tinme of 18 mcro

Consequent W&?ﬂg’lgl ring order is: TripodSel ect O, Nozz|‘£‘§‘2‘?@“§?’°763( Phases
A and B) 25 TripodSelect 1, Nozzl eSel ecl o (Phases A and B) Tri podSel ect
2, :Nozzl eSel ect 0. (Phases A.and B) Tri podSel ect 9, NozzleSelect 0

(Phases A and B) . TripqdSel ect 0, zl eSel ect .1 (Phases A and B) 30°
Tri podSel ect 1.4\ Zj Sg‘g"i‘i?f?Sffeftﬁn%fgééh"ﬁogﬁ’d)%ﬁreéﬂ“?ﬁodSel ect 2,
Nozzl eSel ect -1 14,P9g$85714 M eRh rot¥d dd@4t6 i3l fer BghleAt BACOMT Eegmentd are

Tri podSel ect 8, NozzleSel ect 9 (Phases A and B Tri podSel ect. 9,

Nozz| eSel ecwirdl ypthasespt the arme pyntisignals). Ahe 19 Rerzies M VeR LERCUFEIPap. The
duration of a pulse wl t e B6H ehdhK Vi scosity
(whi ch chaﬁ&%ﬁw?me?cmagﬁﬁ'rs\e{ .eX#g&eggugﬁgﬁvés,éﬁ%ﬁ%‘@%%ﬁnablg and BEnabl e
lines duf i Nregroliy.Thed ndzZelegiire Gi€ per coloe.Rhoaokzldranenietrmiredibyt head The pri nt
head produces several |ines &fg feeg& ck &%C] umul ated fromthe 8 segnents).
The feedback | irfeitsd¥arziedelect fsglectl z\}lﬂz OMARORYy of the firing

pul ses. Al t houg %ﬁ ing'pRfk dnltfy tBSAERdELHABHRable Nifed, ehithdek from
all segments skﬁre{l(rae ngﬁggfn%'f%}mi%p%o gs'f%‘t,et%us |i’FIGS. Conseﬁgntl A on}gl_ one

i

segnent at the Podgrouiapd PadgdmpBawetieatom Al Sigseseups respeckizely Brettine
ANDed with data, on CYAN enabl es e, i SePdcter
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15 causes perturbations for a limited time within the common ink channel of that nozzle's pod.

The perturbations can interfere with the firing of another nozzle within the same pod.
Consequently, the firing of nozzles within a pod should be offset by at least this amount.
The procedure is to therefore fire three nozzles froma tripod (one nozzle per color) and
then move onto the néxt tripod within the podgroup. _Sinc;e there.are 10 tripods in a given
20 podgrouﬁ, 9 subsequen‘t tripods must fire before the original tripod must fire its next three
nozzles. The 9 firing intervals of 2 microseconds gives an ink settling time of 18
microseconds.
Consequently, the firing order is:

. TripodSelect 0, NozzleSelect 0 (Phases A and B)

25 * TripodSelect 1, NozzleSelect 0 (Phases A and B)
. TripodSelect 2, NozzleSelect O (Phases A and B)

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



20 irrespective of the heater resistivity. Wense inforns the controller
of the wwdth of the critical part of the heater, which nmay vary up to 5%
due to lithographic and etching variations. This allows the controller to

adj ust theh‘g%i“ﬁ%“ﬁ%gt h appropriately. Preheat Mde 25 Thtei,&ﬁz“}#)gms process

has a stro y to stay at the equilibriumtenpera ensure
that the first section of the: printed, 3bhot ograph has a consi stent dot
si ze, .ideally the, equilibriumtenperature should be,met before printing,

any dots. This_js onmpl.i.shed Vi _ preheat,,node. The Preheat node
i nvol ves a *si ng';[jlnéwg%i?fq&)g?@f} g t%léhﬁgiﬁ&&l&n)t his (i.e. setting all 30
nozzl es to.fir&kipoasilect 9/ WoRRSeRE 5(PRAses Aiand By pul ses to each nozzle. The

duration of the "pulse nust be insufficient tQ fire the drops, but enough
to heat up theNQﬁkthQUPbaéﬁ}n%IPWgBFﬁ@WRﬂPEQ‘B@E@ﬁ@ﬂ“iﬂﬁ@'ﬁﬂ@ggé’éryc@ﬁt%eat ers.

Al toget her rpgaﬁgrgéwo&gpaﬁjihﬁ gﬁccfsﬁ?] S‘g‘?ﬁh‘g{a{?ﬁé |v%l/ﬂéxﬁpér@tqkéb.rﬁg 95@H&k4 the t hr ough

in the sa uence as a sta cle. Feedback during the

Pr eheat sTodgEndblepand\BEtatletinesiduringe typicatiPontrycteues until an equilibrium
tenperature is reached (about 30 C above anbient). The duration of the 5
Preheat no an . he around 50 mlliseconds, and can be tuned in accordance
with the i L t Head Interface Sunmary The print head has
the fol | owi ng (Pherpsiot headprodugessaviral linesasAeadhadbdaccnmylatesfrom fhs §pegments).

Sel ect 4Sel egt |.C ripod, will, fidf 2:9): }ch nozzle
fromthe pg'@’#?‘ibaa? lltnées(c o8 B usﬁ\éﬁoaﬁ‘%iﬁg rtl %‘@%ﬁﬁégﬁﬁﬁ%%ﬁﬁ%%&

BEnabl e1Fi rjepghemifiréductOthe patiofeedtactt tisTeddbheX foord pB Gygarentsrshare thesampdni- shi f t
regi ster of segnents Q-7 MDatal n[ 0- 7] 8Magenta i nput t. a,shift

regi st et0 of state Brglines- @9“?““!}‘}55%3&? {'8’-‘ W@ﬁl%@\ﬁpﬁ Prf’%’(aye/gel%?%%{c’s |$J?sfer°élgi ster
of segnent sy,0 %?@E%léﬁn@)%lﬁmﬂﬁ lgath SR I ARe ehdblea e efide)lineofor that kegnent. r ent
val ues SRO oc-ks rom Chatal n[0-7], Mlataln[0-7] and YDat al n[ 0- CDat al n[ 0- 7],

MDat al n[ 0- 7Thefeedbatiasemise\fieszie asdoliowshe 24 shift registers.
« Tsense informs the controller how hot the print head is. This allows the controller to

adjust timing of firing pulses, since temperature affects the viscosity of the ink.

15 s 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
heat:er. This allows the controller to-adjust the pulse widths to maintain a constant cngrg’y

20 irrespective of the heater resisﬁvity. |

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

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

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

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



PTransfer1Parall el transfer of data fromthe shift registers to the
i nternal Nozzl eEnabl e bits (one per nozzle). SenseEnabl elA pul se on
SenseEnabl e ANDed with data on CDataln[n] enables the sense |ines for

segnent n. T S enperature sense VsenselVoltage sense istivit
sense V%en%‘i&‘?%?ﬁzsense Logi ¢ G\DlLogi ¢ ground Logic P\/\Fﬁ@&?@%g@é\er V- Bu)s/
bars V+ TOTAL43 Internal to the print h#tad, each segnent has the foll ow ng

connections to the bond Pad Connecti ons AIthough an entire print, head has a

total of 504 connections ayout gontains_ .1 T, bs is '
because théle%tﬂﬁp“\ﬁt‘égeﬁ’&ﬁ%%&% rT?Sé? %Fx‘i?‘d@ﬁ?ﬁ%’éﬁm%d gﬁgrp%%e&g%c {lﬂons each
12.7 mcrorga_&ig%ge&@ggag{an fnt¥8elel ONs has 63 pads at a pitch of 200
m crons. There an WO 03/018315 33 PCT/ AU02/ 00763 extra, 50 m crons at

each end of th Fegibadpdwﬁlg@& Bretibat modesis pravidgd by Taense,aad coRtiyesintd @8t ance of -

12,700 m cron; 12. m cron 1 0 m@% ve

act uator s b‘i‘?‘(‘ t‘?@%eé? ésr&réh\?e oglds? gcj)apl)’p Q‘&%m ?ld\%ﬁg{gtgﬂgl%or supply
4VddPosist | iRelthi MEdd a8 ibe afoup@5y milsesen) ande:aabe umtdin mopdhnce 860 theinki al
data transfer clock 7V+Positive actuator supply -8TEnParallel transfer

enabl e 9V- Negw@ositien.act uat or supply 10EPEnEven phase enabl e

Print Head Interface Summ
The print head has the following connections:

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

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

pads:

Pad Connections
Although an entire print head has a total of 504 connections, the mask layout contains

15 only 63. This is because the chip is composed of eight identical and separate sections, each

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




11V+Posi tive actuator supply 120PEnOdd phase enabl e 13V-Negative actuator
supply 14NA[ 0] Nozzl e Address [O0] (in pod) 15V+Positive actuator supply
igﬁ% %% mgz%ie Addr ess El% (in pod) 17V-Negative actuator supply
zzl e ress (2] (in pod) 19V+Positive actuator
0 : .

- NA[ 3] Nozzl @A@g&gs [3] (in pod) 21V-Negative actuator s%d;lg'l%%ﬁ’g.%i[ 0] Pod
Address [O] (1 of 10) 23V+Positive act uat or supply 24PA[ 1] Pod Address [ 1]
) (Z%VO]I; 10% 25V- Negat i ve. act Iuator supply 26PA[ 2] Pod Address [2] (1 of - 10)

+Posi tive actuator supply.28PA[ 3] Pod Address .3]. (1 qf -Negat i ve
act uat or ;&53?56m%r&@éﬂﬁ@ek&%}w&é\?ﬁ&%‘%‘HE@%E‘.32“."'38“;% e&ﬁ otr supply
32FGA[ 0] Fi 1108 WRcBRS(19Fmickn, 83'f Negat i ve actuator’ supply
34FGA[ 1] Fi regroup Address (1] 35V+Positive actuator supply 36SEnSense

Enabl e 37V-Negative actuator supply 38TsenseTenperature sense 39V+Positive -
actuator siBadly 40RsenseActuator resistivity sense WD 03/018315 34

PCT/ AU02/ 0Q763nMN0. NanmeFuRehd on 41¥mblegat i ve act uator supply

1 V- Negative actuator supply

2 Vi Negative drive logic supply
3 V+ Positive actuator supply

4 Vag Positive drive logic supply
5 V- Negative actuator supply

6 SClk Serial data transfer clock

7 V+ Positive actnator supply

8 TEn Parallel transfer enable

9 V- Negative actuator supply

10 EPEn Even phase enable

11 V+ Positive actuator supply

12 OPEn Odd phase enable

13 V- Negative actuator supply

14 NA[O] Nozzle Address [0] (in pod)
15 V4 Positive actuator supply

16 NA[1] Nozzle Address [1] (in pod)
17 V- Negative actuator supply

18 NA[2] Nozzle Address {2] (in pod)
19 V+ Positive actuator supply
20 NA[3] Nozzle Address [3] (in pod)
21 V- Negative actuator supply _ ;
2 PA[0) Pod Address [0] (1 of 10) - . _ !
23 V+ Positive actuator supply ° '
24 PA[l] Pod Address (1] (1 of 10)
25 V- Negative actuator supply
26 PA[2] Pod Address [2] (1 of 10)
27 V+ Positive actuator supply

28 PA[3] Pod Address [3] (1 of 10)
29 V- Negative actuator supply
30 PGAJ0] Podgroup Address [0]

31 V+ Positive actuator supply

- 32 - FGA[0] Firegroup Address [0]

33 V- ' Negative actuator supply
34 FGA[1] Firegroup Address [1]

35 V+ Positive actuator supply

36 SEn Sense Enable

37 V- Negative actuator supply
38 Tsense Temperature sense

39 V+ Positive actuator supply

40 Rsense Actuator resistivity sense




42WenseAct uator wi dt h sense 43V+Positive actuator supply 44VsensePower
supply voltage sense 45V- Negative actuator supply 46N CSpare 47V+Positive
actuat or supply 480 C] Cyan serial data in 49V-Negative actuator supply
50D( M Mage gl data in 51V+Posi t i ve actuator supply | ow
serial dat Q@?%SWNegative act uat or g y 54 C] Cyan dafgﬁghﬂoﬁés
testing) 55V+Positive actuator supply 5 %( M Magenta data out (for testi ng)
57V- Negati ve actuator, suppl y 58 VY] Yel I.ow dat a out (for testing)

SOVHPOS | Yotk S0 Ne B‘ﬁl‘&rt; ve—th-rve—t ugl ToSUpply o1v-Tlegative

act uat or stipplINe- 62\JddPos 7 ] . at or
supply WO[O37 wasib 02/ 00 ﬁ?gmé&uﬁ&bﬁpﬁﬁt ion and Operati oncl
Tol er ances [Par FTETE Pse > e Nom Max. Units vari at ijon
Anbi ent  Teipe e v .uw_n:m oll uVédcgﬁor_gk%BbUL NOZzZT €
Radi usLi t h¢graph-eBr+ght SE aLIj ) T O NOZZT®
; : Rowcr st ge Senise

Lengt hPr océgssi rilghi-nebss w, HS +—1- u... zzte—Trp—Contaqgt
Angl eProcegsinffBright nnccv:\rh st gggﬂ_v b Y o
Radi usLi t hdgr aghi cBr i ght MHC adj o ;
GapLi t hogr 4phi éBr i aht ness¥Adj ust () Pepifiveaptustos sppplyn

48 DIC] Cyan serial data in

49 V- Negative actuator supply

50 DM} Magenta serial data in

51 V+ Positive actuator supply

52 D[Y] Yellow serial data in

53 V- Negative actuator supply

54 QIC] Cyan data out (for testing)

55 V+ Positive actuator supply

56 QM) Magenta data out (for testini

57 V- Negative actuator supply

58 QlY] Yellow data out (for testing)

59 V+ Positive actuator supply

60 Vs Negative drive logic supply

61 V- Negative actuator supply

62 Va Positive drive logic supply

63 V+ Positive actuator supply




Chanber

Ar ealLi t hogr aphi cBri ght ness adj ust 550060006500m cron | nl et
Lengt hProcessi ngBri ght ness adj ust 295300305m cron Inlet etch angle

(re-entrant
Thi cknessPY

)

QL3O Real - ti me0. 951. 01. 05mi cron Heat er

Processi ngBri ght ness adj ust 90. 59191. 5degr ees Heat er

Radi usLi t hogr aphi cBri ght ness adj ust 10. 811. 011. 2m cron I nl et
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Resi stivityMaterial sReal -ti me115135160S%3 cm Heat er Young's
- Modul usiat eri al sMask desi gn400600650GPa Heat er. Densi't yMat eri-al sMask

desi gn540054505500k K %r, CTEMat eri al sMask desi gn9. 29. 49. 61(16/C
Heat er W dEshricatiopandiidpergional Tolerances o1 o51 351i cron Heater
LengthLith 1 cReal - ti me27. €28 6i28.| DoinpensetionAct aMior |(Newss| Max. | Units
Thi cknessP} ocessi ngBri ght nesjs aajationt 1.192. 02. 1 crppn Jd 4 ng'
Modul usVat E ateS! gn aal GregsméETEMAL er i1al 9Mezsk | SO °C
desi gn0. 00 g -4, 87 CACTUAT 0T, Yl bnid V| Bripibenialnse | OBBSH G 030 90BRARI[ ees
Actuator t| . ; . c]?r&eéé‘;g“' g n%ﬁ&kb‘aﬁ'ﬁsﬁ?u\?ésu - 79 Cf o HeBron
Cancel | i ngltrarPESeessingBrghtRes FEesInoa g T T tey e A
LengthLith \*”i‘ﬁxpfcﬁwcé%ss "]%.O?ﬁlstng_, - .r_ UUSSé _x.h. Hctot ol SehY) : :
Hei ght Procg i ss__ldtingmphic) st o 58 A 00 4 1p2 | micron
Angl ePr oce$ BiddleBhdmberiGan s o (ithograpiricy o Brightpessadiesy 081 20, | 12 micron
Vi scosi t yMiCmmberReditssk desi gj-13thoespiic: JByightpegs adjystt 50108 | 110 4 112 micron
t ensi onMat ¢rlethePr ogr ammed25p Iabegidphic) ||Brighthdsseadivsti | y5569 | 6000 | 6500 | microm
25CWVat er i aff st D@pRMEdO. 72. S[L5Bddcebsitly [h\Brightness adjust 295 300 | 305 | micron
Concent r at VB iekoomiaD’ a|Teeiahko pBrighnclaupar at 902 | 91 | 915 | degrees
(relative) OpErIEOINOTe- TO0F 0B Ldding T [Gailii@OPer al | 0.05°r [ogr.@niraids 10 Guicddk Pa
I nk Dryi ngleer pol s rrogr ammElFQre il P PRRe0r | 115 | 135 | 160 | po-om
Vol t ageOpeltai- o4 \CQSM}‘@%L. P2 N aercs | | Rkl Gestr S C | Vb0 TPLadh 15650 P 6pa
requiredl. S MEMEE e+ obec R eI BferSt-of 3 3
i eri . 400 | 5450 | 5500 | kg/m
Resi st ance - 3—b4—tA- <-atgh ot o4 96 | 10%°C
(Ti N) Proceq3iestt1C3Er ect by desi Jiisissial tory 2 : J
Vol t ageQper &eata Wkl - t | ne2. 53, Ohogmphic/ar Reaktimen wit ) Addi bﬁé@%&_ﬁﬂﬂ&-he
mai n conseduknadenih a change] ilithogdphien| Reaktimser at uje?]-3 | A0 1j jymicron
Vi scosity q ansloriss Pliknekse NS || OProcdesimyg e SBrighmest dinstbdnd-act udl o 2bspasiden ¢nl y
to differeidAl YduRgaMeddals!T € | Materials | Mask design _ 6 | 75 | % | GPa
Glass CTE Materials Mask design 0.0 0.5 1.0 | 10%°C
Actuator Wall Angle Processing | Mask design 85 90 95 degrees
Actuator to Substrate ( Gap Processing | None required 0.9 1.0 1.1 micron
Bend Cancelling Layer Processing Brightness adjust 0.95 1.0 1.05 | micron
Lever Arm Length Lithographic | Brightness adjust /| 87.9 | 880 | 88.1 | micron
Chamber Height Processing Brightmss_adjustﬁ 10 | 115 __ 13 micrén
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 2.5 15 cP
Ink Dye Concentration Materials Programmed 5 10 15 %
Ink Temperature (relative) Operation None -10 0 +10 °oC
Ink Pressure Operation Programmed -10 0 +10 kPa
Ink Drying Materials Programmed +0 +2 +35 cP
Actuator Voltage Operation Real-time 2.75 2.8 2.85 v
‘ Drive Pulse Width Xtal Osc. None required 1299 1.300 | 1.301 | microsec |-
Drive Transistor Resistance Processing | Real-time - 3.6 4.1 46 | "W
Fabrication Temp. (TiN) Processing Correct by design 300 350 400 °C
Battery Voltage Operation Real-time 2.5 3.0 35 v

5

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

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



WO 03/018315 36 PCT/ AU02/ 00763 between the actuator |ayer and the bend
conpensation | ayer, anbient tenperature has negligible direct effect on
the bend actuator. The resistivity of the Ti N heater changes only slightly
with tenperature. The follow ng simulations are for an water d ink, in
t he terrper‘g?ﬂ?/gls?’énge 0O Cto 800C. 5 The drop velocity aﬁgT{ﬂ}%ﬁ%gVﬁ une
does not increase nmonotonically with i ncB®asing tenperature as one may
expect. This is sinply explained: as the tenperature increases, . the .

viscosity falls faster than the syrface tension falls. t he. viscosit

falls, the beswesndhe agpatos Wefaag ﬂlf}f%et’ﬁémﬂ%"?iﬁ "il%)’eﬁﬁ-ﬂ’@“‘é‘ﬁ%ﬁ’f?ﬁ%?ﬂega@i er. d

However, theg, h ' i TiNteafehehahgagionl
gcééﬁgiﬁ?ﬁggcb gifg?ﬁt gﬁ%ﬂe"dén@&%ﬁi&. TheresiD@Ee] of the glonly

pressure zon ront to the |ow pressure zone behi.nd the to
paddl e - chglighdly wéthaemporntare. The following simulatiens ankforaw vigien based inksindhe

&Lg%gggpn%tﬁmg%wﬁﬁé%}ges and | ower viscosities. .F-I

01.7938.61. 251. Pige &6% vB103i+ PHRAHES Voldhe d6éshobRidredst BHotéHi:Hy SvithabckeBing
.r2.842.k471. 61904853. 142.713; 3. 100. 88 , .

400. 65- 32. 6lenyBIaNCe? AL oAy expeet Bhis soBmplyFaplaingd: a3 theggmperature increases, the

600. 4729. 21 251 4 : A0 e {(Rcosity falls, the movement of
800. 3525. 61.“2%‘18.1%%6.]'@3 t%ﬁm’sqﬂfgg'%gt%%"ﬁ% 310-88 The tehperature of the
1 J46 print heesht obthe agrdlaisatadealighily easize Howeveroths movemens of the inlcargengdshe o) une
and drop velocgity. Th enperature is sensed.on ' 1 SOELhe The
t enper at ur e Padfie ffgrﬂg‘ﬁai“gg%é%sﬁ‘éfé )zor?eseﬁ é'%ﬁﬁ?@@? &xont t§méé)lg E)N?é%sﬁ&%g 81?1 se 0 utﬂpl)%t .
The appry pr'z, de __Iﬁﬁ{géﬁe@hgﬁ&é. Thias SRkESBSink InEvemeittis fifort biscuBed's et Higheb| e
(Sen) and selecting the appropriate segnent using the D Co.7] lines. The

Tsense si gna¢mpegatuiies)pnd losgr pigcasiiges.dri ve ASIC, and drive pulse width is
altered to conmpensate for the ink viscosity change. Data specifying the 20

viscosity/tenperature relationship of the ink is stored in the
Aut henti catfronchi p asgoci ated] Wi qh the i hk. Varidti oh wifth Nozzlle R4di us
The nozzl e |rgdius lhas g si gni,éicant ef fect {on tthe drgp! vol une aré,d dr,o(
vel ocity. Ho - g » | 8 g
212 |8|% 4 g 18|53
§, 3‘ 'E - L =] -g) = ﬁ = b= g >
g IR = g | 3 -
El 5| &% S I s & |82 |
E g o g b= % é % é ..a © ) 6 E
2| & ‘E 3 g g3 E
8 A | T | <|< &
oC| cP |dme| ym |pm {pm | V | mA | ps | °C|pm |[ms|ms| pl
0 1179 | 386 | 125 | 1.0 | 27 | 2.8 [4247 ] 1.6 | 190 | 465 | 3.16 | 2.06 | 2.82 | 0.80
20 | 1.00 | 358 | 125 | 1.0 | 27 | 28 |[4247| 1.6 | 190 | 485} 3.14 | 2.13 | 3.10 | 0.88
20 | 065 326 | 125 | 1.0 | 27 | 2.8 | 4247] 1.6 | 190 505 | 3.19 | 2.23 | 3.25 | 0.93
6 10471292 | 125 [ 10| 27 | 28 [4247] 1.6 | 190 | 525 | 3.13 | 2.17 | 3.40 | 078
80 | 035 | 256 | 125 | 1.0 | 27 | 2.8 [4247] 1.6 [ 190 | 545 | 324 | 231 [ 331 | 0.88

The temperature of the IJ46 print head is regulated to optimize the consistency of
15  drop volume and drop velocity. The temperature is sensed on chip for each segment. The
tempefature sense signal (Tsense) is connected to a common Tsense output. The apprbpriate
Téense signal is selected by asserting the Sense Enable (Sen) and selecting the appropriate
' segment using the D[Co.7] lines. The Tsense signal is d'igitized by the drive ASIC, and
 drive pulse width is altered to compensate for the ink viscosity change. Data specifying the

20  viscosity/temperature relationship of the ink is stored in the Authentication chip associated

with the ink.

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




WO 03/ 018315 PCT/ AUO2/ 00763 37 this reason it is closely controlled by 0.5
m cron |ithography. The nozzle is formed by a 2 mcron etch of the
sacrificial material, followed by deposition of the nozzle wall nateri al
and a CWP step. The CWVP pl anarizes the nozzle structures,_rennvi n7q6 the top
of the ove?"ﬁcbg’{o,ls“&ﬁd exposed the sacrificial material insTGEAUGHHRTSS
sacrificial material is subsequently 5 ¥enpved, |eaving a self-aligned
nozzl e and nozzle.rim The.accuracy internal -radius of the nozzle is.

primarily determned by the acguracy_of theg. lithograph and th '
consi st encythigfeasemis is¢lawhasantralied by %? migfan ﬂ‘r?\g’@&@g LI@?B%{?ZIGI*&_ °r'f’18$ PY82ng
table ShOW%mgPo%f&éﬂ F e Lac e Iétleﬁazﬁhswéagy lepodi¥ibllof thE heAd Wil massdle

radius, the drop velocity steadily decreases. However, the drop vol ume
peaks at aramdmdCMP step. Shé&CMPoplanarizesdheiozzIptsruetures remoying thedop efdheis is 5.5

m crons, and the operating. tol ecance specifiCall .al. : 49 | af i on
on this rad¥§eoay ?@oﬁeﬁaﬁﬁa@nﬁ? mgeﬁ% 1%5.1&73' ﬁ%:?agﬂg&mﬁgﬁ% fslr%u@%etalﬁéolﬁl al so
i ncl ude extkpIRs, MabiigSeRialigha et aad n@RRthhITHe acangsy iftbrmal mdids 6f the
mcron). The major nozzle radius variations will |i kg\% be determ ned by a
conbi nat i ornaatle is primerilyrdetermingd by tie apeurasy of thedithegrphyynd LheLonsisERey e ans

that vari at‘hgg§e§&?\#£58¢%65%%ng%ﬂ' 15 local : differences between wafers,
e n e

and differe center and the perinmeter of a wafer. The
bet ween waf er ditefellowingsatis shovspemtiart aatigustrogzle tadiigWithdneeasingingzalerent .

udden. 1 taeug e ropAgorioystesily RIEEER AR Al bRty rein

5. 00. 6537. 64 5 %xggéﬁ +idftds. 3fe fbAfRd Bezze Adiud #625.4 BrordiDarfi¥the operating tolerance
5. 30. 6532. 61. 52.842. 361. 416648269. 02. 882. 223. 920. 87

ss0. 6532. 61speeifisati@valloss . 14E Sarien op thispeiusogiving @ range of 5.3 to 5.7 microns.

a0. 6532. 61. 25252 842 4 333. , 5.0 and 6.0

0. 6532 61. 7EBesyipmons i (e Bbey dye oBe piiathed opergting range System 20 A
print head g@den) Thé edjor Rozbermditianartationd will leliaiecictamined by e gombiphtiinpies can
e omt | o2 e aperdicaporld ok h ¥ TS5, Tl Hhedh ol BrialbR ARy lobeid-

15 local: differences between wafers, and differences between the center and the perimeter of a

wafer. The between wafer differences are compensated by the ‘_brightness’ adjustment.

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

-

Ink Viscosity
Pulse Voltage
Pulse Current
Pulse Width
Peak Pressure
Paddle Velocity
Drop Velocity
Drop Volume

Pulse Energy

Nozzle Radius
Surface Tension
Actuator Widﬂ1
Actuator Length
Peak Temperature
Paddle Deflection

pm | P | mN/m | pm | pm \Y mA ps | nJ °c | kPa pm | m's | m/s | pl
50 | 065 | 326 | 125 | 25 | 2.8 | 4236 | 1.4 [ 166 | 482 | 759 | 2.81 | 2.18 | 436 | 0.84
53 | 065 | 326 | 125 | 25 | 28 | 4236 | 1.4 | 166 | 482 | 69.0 | 2.88 | 222 | 3.92 | 0.87
55 | 065 | 326 | 125 | 25 | 28 | 4236 | 1.4 | 166 | 482 | 67.2 } 296 | 229 | 3.45 | 0.99
5.7 | 0.65 | 326 | 125 | 25 | 2.8 [ 4236 [ 1.4 | 166 | 482 | 64.1 | 3.00 | 2.33 | 309 | 095
60 1065 | 326 | 125 | 25 | 28 | 4236 | 1.4 | 166 | 482 | 59.9 | 3.07 | 2.39 | 2.75 0.89

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

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

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



PCT/ AU98/ 00544. A print head and ink supply arrangenent suitable for
utilization in a WD 03/018315 PCT/ AU02/ 00763 38 print on demand canera
systemw || now be described. Starting initially with Fig. 96 and Fig. 97,

there is i d portions of an ink supply arrangene ' or m of
an ink gj&@oﬁﬁﬁf 430. The supply unit can be configure TtAgmls/H@ Jude t hree

I nk storage chanbers 521 to supply thré® color inks to the back surface of
a print .head, which in the preferred 5 formis a print head Chlp 431. The

|nk|ssupplledtot rint hea Idlngi
or mani f ol @riagan WW“EH P'ﬁ&‘l'alfé@%mévdg B¥W gg aﬁfm%d ?gaﬂéﬁ%lm@gi% gqﬁmw of
ink via cl %?'9»7 hHeqs ARSesled postcHslor ak mk4pbly matn@anhamkttmfom gurinkit  head
431. The put ets 432 are very small having a w_dth of bout 1gamg1gcrons

and accor disnpply unit¢430.t Bhexwpply dait can beeponﬁgﬁequg%yldedg@? Hrages ¥ than -
th d t th
hous: b 495268 51%5@0%3?@3@8@%&%‘% LR of AfridchshbpAich Mdd pitefitn B2 the
structuse aBgn chiy43l. tThe ikeis pupiptied ﬂoeha:lpnmheadbyrmeadlsgf aminkhe i nk

di stri but d b L ik

a:j?\e;: vg E%&mh?@éa@émg °?Ean ‘ﬂg ﬁﬁf“’h’ég f"'gg%ﬁ iegff‘l léﬁ gﬁtr;f%?vtflg"l tg‘acg surface
438 and si dag. ﬁg cf&éig %&er@a?d%hﬂ%ﬂ@ﬂ ﬁ?@to"tﬁe bakloh theipinehieadl43 5. Timplmlbtst he

print head aperture hi's manner e adhesive is aé‘?fi)‘?’ ¥
t he inter cotdlare vergsmabhbzsvmgaww@ ofipbput 108 micransand secqrdingly n REA0L %L of

bl ocki ng th k f th
orint head s ERHERT easgof i Res RRrae g kel R RfE okt opRELO) | e
provi degh t habp smiieﬁ¢metﬁbna1sfngr495aesemwmmftm stribution nol ding 433 so as

tofllterthelnk passing through the nol ding 433, 20 Stri
ol di ng 433 ancﬂ"hanméheadééla?@anﬁm&tﬁswg\é?g’lé‘zfawbﬁFﬁ‘ar? ittt "3

whi ch is again QS oS ERdAB elaR Rllike ebsient Nt er f ace
438, such ?prffaP"% Q&ge@%’&gﬁg@@g}}m@gg’%% ?ow thrgfjgh hol es 440 which

are fornmed idhesiesf2ctive walls of the baffle unit and in turn through the

;: gtstsl ﬁBﬁnrmezPll\é‘me%égg it S%ﬁ?% al%’éﬁgﬁjo@&eteglggc% e(ra43§1[bhggﬁspace gga?t
baf f1 es,or giMisg Ahbsidd thd hirerhakideest the girft eadegemmi HB5 Taabis mankerdhrannel so

as to reduce accel eration of the ink in the stora e cha may be
i nduced by adhssiverisrapphisd qrkioghe tnép&wwp&%a&?s ot b PRTERR SR P t;‘F%‘?&P&@‘&

formwotildy, %ﬁﬁﬁ{lﬁ.@eﬁé Hﬁ:ﬂa\{ @gggagﬁe sI Rﬂ%ﬁﬂé@lﬂ‘éﬂe bRt &mhe printhB&l pri nt

head, whilsf® ously alTow lows of ink to the print head in
response t OcipUBY Ged BIEa88) it hbnimisedmA fillecd3fis tlse proatded drat isclesigredita fiso

1 ow 11 ot ustonb e SrRmGnane 412 s Bl R pl-fmgforr fe BoRbPldat T G
in a hoysing 44f, dTHEnHMThAEing 493 &RITIHRL436 are in turn inserted within a baffle unit

437 which is again attached by means of a silicone. sealant applied at interface 438, such

that ink is able to, for example, flow through holes 440 which are formed in respective

walls of the baffle unit and in turn through the slots 434 with which the holes 440 align.

The baffle unit 437 can be a plastic injection molded unit which includes a number of

25 spaced apart baffles or slats 441-443. The baffles are formed within each ink channel so as
to reduce acceleration of the ink in the storage chambers 521 as may be induced by
" movement of the portable printer, which in this ﬁréfeﬁcd form would be most disruptive

along the longitudinal extent of the print head, whilst simultaneously allowing for flows of

ink to the print head in response to active demand therefrom. The baffles are effective in
30 providing for portable carriage of the ink so as to minimize disruption to flow fluctuations

during handling.
The baffle unit 437 is in tumn encased in a housing 445. The housing 445 can be




WO 03/018315 39 PCT/ AU02/ 00763 ultrasonically welded to the baffle unit 437
so as to seal the baffle unit 437 into three separate ink chanbers 521

The baffle unit 437 further includes a series of pierceable end wall
portions 450 - 452 which can be pierced by a correspondi ' | nk
supply con&&‘){amg’i‘? the flow of ink into each of the thr&ng%@?%. The
housi ng 445 al so includes a series 5 of 3hol es 455 whi ch are hydrophobically
. seal ed by nmeans of tape or the like so as to aJlow air -within the, three

chamber's of the baffle units to escage whilst ink renmai. it hin the

baff1 e charessenigely veldedie Wﬁk&w&t& s 8t regel °k‘i‘iﬁ@? WBF%%%S%&%& By
manuf act ur 'sggmktg%gé HsrBbe 551 Ditlel AR it 437 PurBRP AcRIdSs 4 Series BEierogablsmdonent s
as just destribed, 1t Is possible to use relatively conventional . di ng

t echni ques,walbpgutions 458 e 452 which cn bicnjereed bifa easrespoRdipgeating indpugply capduit

interface wt e pri,nt head, . That | i S cy
requi r ementi§t &'Féﬂﬁ'rcgil@ﬁm@o%gh ?fnth%f%e eczmgg&ggif% gﬁdé&glg g§g§ %g yﬂllg ﬁfég%@
Comonegt S Jitolbs @54 WhicherehyatdpeticallysedledBriens biapgot the likedo adits elidvbut i on
mani fold or second nenber needing to be produced ifgiqﬁ(ge narro

tol er ances siewilkig thegthreg shamberseof thehatilepnits do,esrpRe W nglﬂi)m‘té\ﬁ:ﬁg%sages
380 for ”90'-@%@ﬁ%i&pe@lﬁiﬂr@@{c%ﬁé&thé'ﬁdlékd%@495.seri es of positioning

pr ot uber anc series of protuberances is designed
to accurately [@®pintiufactiritgehcink distibuiennst insepdreie interasting compenepts agisbnat ed

bonded film 470, in addition to first 465 . d
pusbars. uh A9¥Rieg F ISPRR e Gt S AR R el bR D

| ocat i ogp a&%?& &Q@cuiéégfr&ﬁﬁe&it thdiateFAE Wit e peintifeat OThatdybedaust thre | ow
resi stance power and 20 ground distribution al ong the surface  of th@lTAB

film 470 whditensional Acqugack reqHirerAeIsH#Te Broken doyvn inistages Py psingsyqeessiysly smaller o
TAB film 470, _which i | | had ish Agifdldof 1 0s. 102
and 103, i d%%ﬁé“@@@é@%ﬁ’@&%ﬁélgyhgéﬁltbgllrngéi e gﬁ at g/signal gus in the
form of a pdebid inkiib&fnecding@iteproduadd ty tiesataenodentglerances nled¢d fopadentater connect s
550 which rel easably connect with a 2 corresga&?i npg plurality of external
control | i ninterackios &¥ifhthe inksupnbypassagestR0SPmaqdR e A  shar  contacts in the

form of ,deposi tog A% HRludsd  {eRSs FositidhiRg proderantategni6ol-62 T AHirki | m
470 has lg pl ur aﬁ;etﬁpg‘bgt rans&ler seley sext endi nggbconnecti ng |ines 553 that

al t er nat el y saies oEprotubbranges iscdesigngsisbyucapirately ResRILIBEFCONBSR) MEARS 10 EGHPFRPL | | nes

550 to bond pads on i Y- i | with the
30 control PEarPg§u@%&pﬁoﬁ%ﬂd@m%§ﬁig\ég@uér?%sﬁ}%ﬁggéﬂ%g&glﬁgn t hr gﬁ%h the TAB
film One ofyrdufié buskaRwiaEVabntgemnedtedsitidT ARl ABO hi 4 largesiupiberdfdi ng a

fl exi ble means of connecting the riaqgid busbar rails.to the fraaqil rint
head chi p .4%xcations along the surfage of the TAB %lm soas to provxglc 1lor low resistance pogver fnd" |

20  ground distribution along the surface of the TAB film 470 which is in turn interconnected to

the print head chip 431.
The TAB film 470, which is shown in more detail in an opened state in Figs. 102 and

103, is double sided having on its outer side a data/signal bus in the form of a plurality of
Jongitudinally extending control line interconnects 550 which releasably connect with a

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

" The inner side of the TAB film 470 has 2 plurality of transversely extending
connecting lines 553 that alternately connect the power supply via the busbars and the
control lines 550 to bond pads on the print head via region 554. The connection with the

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

rigid busbar rails to the fragile print head chip 431.



WO 03/ 018315 40 PCT/ AU02/ 00763 The busbars 465, 466 are in turn connected
to contacts 475, 476 which are firmy clanped agai nst the busbars 465, 466
by neans of cover unit 478. The cover unit 478 also can conprise an

i nj ection er??/ﬁhsPﬁ” and includes a slot 480 for the inng.}A%z/&fmﬁn

al um num bar for assisting in cutting a printed page. 5 Turning now to Fig.
98 there is illustrated a cut away view Of the print head unit 430,
associ ated platen unit. 490, .print roll, and i nk supply unit:491:and drive.

di stribut,j ' whi ch i nt ; k15,430, 490
P 401 The gulta bR des 26s Mt el AR REhagS RIS 495 ol bty P00,
al ong the alpsipainkl tA6BusbBS 488, 466 by Gneatld oftcoperainitdd84 I efveennip4T&hilsog has

occurred. The operation of the system :1Q of Figg. @ggl S ver sitm' lar to
that di scl osaccomprisean injecion malded parhanddpcipder aAlB 4PQ (R Abe infariion ofdng o og i n -

the core portl Is i : 501 around which is rolled
print medi a%&nﬁﬁ%fﬁﬁsﬁ%ﬁﬁég%ﬁ?@@g&ﬁ%& the control of electric notor
494 betwsen t heTurpingmew t@ Big. 88 theprris iltustratadia quti awag yEwwiithe print headuniedHy

i nterconnected via jnk tr m ssi an _.channel s s a2 nit
430. The pr PHPCIA Pfai?ﬁi tgg(i,pggﬁrogleangérﬁﬁsélgg i“ﬂggg%%’?‘%%@%@wae?glrs@ﬁ?#oned
PCT speci fi gak u®Nwhith idtér8onn8&s edchF theivmith 430)4D0 aic4b1t he assenbl ed form of

single printer unit 510. Features and Advantages The |1J46 print head has
many features afue guilletineblpds 48% israbletta be dpyenay afirst @6‘@5%‘8?‘8)8? mIpyms o e

cases, thesg@Qggﬂ;{@ﬁé ot aPilrhdeA6Y aﬁwgr@;pﬁgms' doblefed, The oBtrifiin GAACSysten? O

t he advant a om t e avoi danc robl ens 1 nher I n prior art
t echnol qgi eef Ff. 98lis veryirhidar tofhasdisstosed it PET pateohapplicagios PCIVAUGNE00344g fink

Resol ution The resol ution of. | J46, pri he s 1,600 .dot er. i nch
(dpi) in botfstemeinthecore B?W@BPB%HQ%\P}HRE?IL:I#?W&%& ?%““Pﬁg“%‘%léﬁab"?rpé‘é‘ti on.
Thi's all ows éﬁéakd 50BN Tho g da 1 Y& irdér §:0b&dirol 3PelbdtB@aptor a0dlbitivgén tasal i ty
text (including Kanji). Hi gher resolutions are possible: 2,400 dpj .and

4,8007dpi velaen299 ahdpenthsadunindf0witlythe dak being injsaconBectedonp INkATanRission |y

1,600 dpi is,cho S,y I . | [ kon of
advanced co r‘?ﬁé‘}“éfs§ﬁ5 glthlhg gggtjl h@%@%%vﬁ%@ gl h?%hél(r?@ 391 cli-g%g%é %ﬁséﬁ@%ﬂﬁ%}? mal

i nk j et @evisgasmatiousdiPGDSpedificatidny da Fige 09, thera il @itemtddttie SGerkblgh farmeafe
quality requires high resolution and accurate placenent of drops. The

monol i t hi c pingle R MRilal%r e of 1346 print heads allows drop placenent to
sub-m cron WO 03/018315 PCT/ AU02/ 00763

Peatures and Advantages
The 1746 print head has many features and advantages over other printing

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

discussion of some of these advantages follows.

High Resolution
The resolution of a IJ46 print head is 1,600 dots per inch (dpi) in both the scan

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

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

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

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

monolithic page width nature of 1J46 print heads allows drop placement to sub-micron



41 precision. H gh accuracy is also achieved by elimnating m sdirected
drops, electrostatic deflection, air turbul ence, and eddies, and

mai nt ai ning highly consistent drop volune and velocity. Image quality is
al so ensured by the provision of sufficient resolution to ay requiring
nul tiple i kO Béﬁ@? ¥ies. Five color or 6.color photo |nkPF5@1@ygV§hs can
introduce 5 halftoning artifacts in md fbnes (such as flesh-tones) if the
dye interaction and drop sizes are .noet absolute|y perfect. This-problemis -

I ted bi th I t i head
[ oh Specd | %@s{a%ﬁmr i ﬁcﬁwﬁgﬁéﬁﬁ%ﬁéﬁi%@m mislEdrd b e, "roos
| hi h g%j{“% niel afd t
SI’I ﬁ;NSa :‘8I ? pgigeg&i éﬁcress H&ilﬂn 2 secondﬂﬁ E&Qg&\ﬁnﬁdro?_glhllﬁ 30 page
per minute @a]pcﬁ)y dmafgeapmhnymdso gnsiwret bl dzecprovisipn pﬁﬁﬁgﬁntﬁﬁs Ao & be used
llel t bt
| ow cost anaagindRiledrk dRRies P Rleg oo gPE enGloink dckyeblp Bin ERKES 2 7

As the ngzz'hﬁlf@ﬁﬁE laiFaciEmhidyomek ($UdR ad fl<B-tprds)if theady@ intsravibonyandidgdp sizdse chi p
area per print head can be | ow. This |eads tg abl ow_ nmanuf actur| ng} ;{)st as
many print laeenpt ebsohely: perfect. Ehisproblpm is elifinggd iy binary thregeolor syfterag sychas
The high resol print head is chosen to all ow fuI ly digital
operation ustt tnﬁ}g glfn %ﬂf hal ftoning. This elimnates color non-linearity
(a probl emvmth continuous tone printers), and sinplifies the design of

drive ASI Cs Higinfpded [(Blpprvpenprint fleaddchi eve true 1,600 dpi resolution, a
snal : ?r Op( i ' Zf )’I‘h ﬁy_fc%klﬂﬁﬂtm@\af ﬂhéﬁﬁnﬂqwamhuomgu Spsadopersmmeasmo smmmmg
pi coliter p

si ze of advanced comerci al piez electrkg
and t hertoal i$ requirest TU@umeé%pmls’t afnl gplar é4pﬂgq1§lesﬁthﬁn2smd§ ewipg £l 9 o

Drop Vel 00!ttt sk E AR RLOE pbebufhe REACURR B AR lcafBORRALS

does not rel accurate drop velocity control is
avai | abl e. Tbiobta 40y, 90\wpal; $20 prrh,@ed. 1146 priGheadsiare hgvs Post andRompaetse n
applications where ;zfgeéa and airflow can be controlled. Drop velocity 30
can be accuragigplp he 1803 8EPragtiednsi der abl e range by varying the energy
provided to the WD 03/018315 42 PCT/ AU02/ 00763 actuator. H gh drop
velocities (f1fy E@stl> n's) suitable for plain-paper operation and

15 As the nozzle packing density of the IJ46 print head is very high, the chip area per
print head can be low. This leads to a low manufacturing cost as many print head chips can

fit on the same wafer..

All Digital Op_eratlon - ;"
The high resolution of the pnnt head is chosen to allow fully dlgxtal operation using

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

printers), and simplifies the design of drive ASICs.

Small Drop Volume |
To achieve true 1,600 dpi resolution, a small drop size is required. An 1346 print

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

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

" Accurate Control of Drop Velocity

As the drop ejector is a precise mechanical mechanism, and does not rely on bubble -
nucleation, accurate drop velocity control is available. This allows low drop velocities (3 - 4
m/s) to be used in applications where media and airflow can be controlled. Drop velocity

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



rel atively uncontrolled conditions can be achieved using variations of the
nozzl e chanber and actuator dinensions. Fast Drying 5 A conbination of
very high resolution, very snmall drops, and high dye density allows full
color printi n(% with nmuch | ess water ejected. A 1600 dpi g |$¢? ée)’ead

ej ects ar oSHRIT/H48YS of the water of a 600 dpi thernmal inkU? ?B‘E)’P 7% . This
allows fast drying and virtually elimnf&es paper cockle. Wde Tenperature
Range 10 1146 pri.nt, heads are designed to cancel .the effect of anbient:

tem t . Only the ‘change in. i teristi. i th t t
oot o ol High dropyeiootes (o 1S iR BRNE Ir Rl Brad hBer BIPRR0L I 0 g
t enper at ur e@;ﬁg@g uﬁc%n&éﬂ&?éoﬁéiﬁtoﬂs 08 ve athibRdWing vaAstiondaf the nogdechambes. No

Speci al Manuta ring Equi pment Required 15 The nmanufacturing process for
1146 print sdadmaioedimengions.entirely fromthe established semniconductor
manuf acturing industry. Most ink jet systens encounter major difficulty and

expense in ving fromthe | aboratory to production, as high accuracy
speci al i zed‘g—oﬁgﬁ&w

cturing equipnent is required. Hi Producti on acity
Avai |l abl® 20 A 4&comhingi vmlnglm,s@etepwwsmgﬁgm ’%B#“EPO%F °'&%‘H“ﬁ$\§%iuce
around 18 i o8 po Rl SACR 1ERELa@raUa. AtdbD dEMRRS bl ehd {jocPuBd vl o1
starts per nt an oduce aroun O mllion print” heads per annum
There are c83% eftheyvaaiof a 60 tipidhdoal iak jet printeh dhismllow fast dryine-and yirpalligt up
Cost 25 The fact orz set - cost is |l ow because existing 0.5 mcron 6" CMOS
fabs can beClIpBaEs PAPRECX Caps coul d be fully anortized, and essentially
obsolete for CMOS | ogic production. Therefore, volune production can use
"ol d' exi st igge Teabdrathteangdbst of the MEMS post-processing can al so be
perfornmed in HE ﬁ@ | ' E : &.[0nly thenot
heat ed, 1éjhere a é P whrcécgstthrr?{i: S%‘g&sjtotdn t Eahetc?%g;lﬁc%f&bﬁé?&tpﬁgsucan %e WO
03/ 018315 43higd inAhloenDETaRticsweith tefipertuat hifiowss apeeationendthizesdden for opti num

[ gn - Tastncee” cole Cecently dlve ched Sues.li A AOUREIN & Aope oo 2

water based inks.

No Special Manufacturing Equipment Required
15 The manufacturing process for IJ46 print heads leverages entirely from the established

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

manufacturing equipment is required. ! | ‘

High I;roducﬁon Capacity Available

20 A’'6” CMOS fab with 10,000 wafer starts per month can produce around 18 million
print heads per annum. An 8” CMOS fab with 20,000 wafer starts per month can produce
around 60 million print heads per annum, There are currently many such CMOS fabs in the

world.

, Low Factory Setup Cost |
‘95  'Fhe factory set-up cost is low because existing 0.5 micron 6" CMOS fabscanbe . - |

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

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

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



the light-fastness of many pignents, and considerably in excess of

phot ographi ¢ dyes and of ink jet dyes in use until recently. 5 Good Water-
Fastness As with |ight-fastness, the lack of thermal restrictions on the
dye al |l ows jon of dyes for characteristics such as - t ness.
For extrene ybﬁ@%ﬂgv\ater-fast ness (as is_, required for wagﬁg,tglﬂﬁey{o@ti | es)
reactive dyes can be used. Excellent Col*dr Gamut 10 The use of t ranspar ent
dyes of high color. purity allows a.col or. ganut ‘consi derably wider than -

that of offsef, printing and silver:halide g h 1;deqng i n
particul ar “s?‘iitag'gﬁ aﬂg‘é’f’ a¥°83%8° ghoseh fogﬁgﬁrﬂ%mﬁ%g%figfsng%f ?%?%\%aﬁcﬁ' éfl eEJd

pi gnent s usKek frith thmphiti@auepboAvechyiddimcstiie light-fastessoafldoThis jesaguatso ( CWYK)
the gamut i$ necessarily limted to the ,teq&&ahedral I e et er}ldtok)e

col or ver t itaekight-fastnesy ofmanypigraents,3ad cofside mteﬁféesngﬁ’,o 05D, gagﬁiaa and

yel | ow di es : . re as possible. A slightly w der " hexcone'
ganut t hat I%Fﬁﬁgéégﬁﬁ%hﬁggé@greens, and bl ues can be achieved using a 6
color (CMYR@) npodel. Such a six-color print head can be nade economcally

as it requiGexl WatertHagtnedsdt h: of only 1 nm Elinm nation of Color Bleed 20

I nk bl eed bet wegny@pligtFasess! e laék sfhBertial fetiictiénsuni therdye atiolveseection ofr i nt ed
while the previous color is wet. Wiile inmage blurring due_to i?k,bleed S

typical |y idyes fanchdracteristigs such @owatspastess Fo exggmelyhisthiraigrfestness (351t ones of
an i mage. |nk.bl .0 ' m cr oenul si on- based i nk,
' ™y lrﬂ%:egﬁfgﬂygﬁﬁg%l gexﬂie'sf%?gﬁ?;gy&ycanﬂéhw Sl sed |

for which are suited. The use of mcroemulsion ink
can al so hel p prevent nozzle clogging and ensure long-termink stability.
. 25: Hi gh NegzllentColoniGagmut| J46 print head has 19,200 nozzles in a

monol i t i ¢ CMY f1anRe of@iripartit AyQOsiamsh doloriputityt alleead coldhighmutdonsiddrably ar ge
conpared to other print heads, it is a snall nunber conpared to th%lnunber
of devi ces wiset thawthat pfnfsgtprinsing end eilveshalidgpheteersshy. Pifselprinkigg fhparticular
production. It is.also | %.0f: Qﬁgelrg} VaRinGhR-EbleF S Whi ch
Texas 30 Ingatsraﬁf’%ﬁ%%é?ﬁlgé}%%%@tgc/#tt?én%ﬂgg;?t a gﬁ%ggrar or Device (DVD),
nmanuf act ur eglstegisTEMY) dtifbuarcoldySRtanc(OMEYE) firegamut sneces@ridplinigeshe4

PCT/ AU02/ 00763 51, 200 Nozzl Ad P i dt h Pr.i.nt |
(OWYK) | 34 olopmiadei NGREREMEGA S ST AR BRSFIERs 7 ECRET oA deddh ug.
chips. Fach 0,86, flieAyRidIaR RRpEYAIYPEelas Podsile. A dlighaly wider hikx@ae® nozzl es.

gamut that includes pure reds, greens, and blues can be achieved using a 6 color

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

-

chip width of only 1 mm.
Elimination of ColorBleed - wo _

20 Tnk bleed between colors occurs if the different primary colors are printed while the
previous color is wet. While image blurring due to ink bleed is typically insignificant at

1600 dpi, ink bleed can ‘muddy’ the midtones of an image. Ink bleed can be eliminated by

using microemulsion-based ink, for which IJ46 print heads are highly suited. The use of

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

~+ . .25: HighNozzle Count o Lo o i' .
‘ An1146 print head has 19,200 nozzles in a monolithic CMY three-color photographic

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

30  Instruments integrates in its Digital Micromirror Device (DMD), manufactured using
similar CMOS and MEMS processes.



Integration of Drive Circuits 5. In a print head with as many as 51, 200
nozzles, it is essential to integrate data distribution circuits (shift
regi sters), data timng, and drive transistors with the nozzles.
O herw se, 1 NLjyym of 51, 201 external connections woul d | red. This
s a severé‘%@o&h mw th piezoelectric ink jets, as dri v%@@w@&wé cannot
be integrated on piezoelectric substrat's. Integration of many nillions of
connections is common in CMOS VLS| chips, 10 which are:fabricated in high
vol une at hilh i el d. | s the nynbe 8f of f-chip connections that nust
p

|
be |imt ed2lid8HNOZEIES BETEY HQYAONBDAC, i nt heads are made as a single
nonol i t hi ¢ CMOR, folni polors(CMBKD 146 printchead fos pagevigth A4/USdeiter PEnting pses two

(M cr o B ohins. ELOAAaEa) chi 0 23600 pbfles SRR SER0 AR 17 vt ik

jet and sone piezoelectric ink jet systens, the assenbly of nozzle plates

W th the prhbraiSef PAVOCircuig nwj or cause of low yields, limted

r esol ution,—hﬁan o Eed o SFnoiel, 1 i8EdsBMAN & ifteglaietiatal | Y
constructed fr aﬁ‘g}‘{lfepfl?@?raaln@e’?g%ﬁgps. . lgg’as'}ser?bly and gfignrrent of
these chi phstiibutivh crcpies@hifteregistors); siata tidfing/avditicive tramsistonsowith themorzles de Pri nt

W dt hs Long page w dth prin{_heads can be construgct.ed .l or
nore 100 m@tgswese, ﬁmlmmma%il f(ﬁgféﬁ’?a? .°°“Fﬁ%"°é‘ﬁ6’8"‘@7&5%%6?@%?%3%&%%%
chipis degérgﬂgﬂ ifh AibdeIBREricGAk je¥s, Ad drBiR cirbwltsadint be intépratexbon flezvefeeirict head

gives a photographic size printer, two gives an A4 printer pur gives
an A3 pri ntsabstratesr htegratiomtef mang millisas of seanectensts mﬁ%g’ogﬁoéi@ﬁ Bénti ng,

25 page width wide format printing .¢ P AL FQ,HQI ;

Oper ati ¥h DipFR g ]?rhﬁa{éﬁdn%Pﬁ@uﬁtﬁgﬁcﬁﬁf&eg%glgﬁwg% g Ié;;upr aé%&gg?. The
si mpl est  megkadudt Be lihite@r ovi de two print heads - one on each side of the
paper. The cost .and conplexity of providing two print heads is |ess than
t hat of nechani ¢cal stens to turn over the sheet of 30 paper. WO

03/ 018315 4XOPBIURJEINGSPE3 Strai hg t Paper Path As there are no drums
required, a stridd@pintpepdsrarpmede asarsingle meralithie CMOQR ehiPt R0 BRI [ ity of
paper jans. This IS es Lhaldv. el el I ' [ MEMYEr e
the conpl e¥SHR AWQWEC%QMF‘?(%%E{’%‘@ g&%&%\(}é‘?ﬁ% %ﬁ%ggggﬁzﬁ gﬁ‘gt_lantgfj or source
of papeysj afMicro-Electro-Mechanical Systems) processes and materials. In thermal ink jet and some

piezoelectric ink jet systems, the assembly of nozzle plates with the print head chipis a

major cause of low yields, limited resolution, and limited size. Also, page width arrays are

typically constructed from multiple smaller chips. The assembly and alignment of these

chips is an expensive process. : o : ; : ;

20 Modular Extendable for Wide Print Widths
Long page width print heads can be constructed by butting two or more 100 mm 1746

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 pﬁnter,

and four gives an A3 printer. Larger numbers can be used for high speed digital printing,
25  page width wide format printing, and textile printing.

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

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

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

30  paper.



5 High Efficiency Thermal ink jet print heads are only around 0.01%
efficient (electrical energy input conpared to drop kinetic energy and

i ncreased surface energy). 1J46 print heads are nore than 20 tines as
efficient. Sel ling Operation 10 The energy required t | ach drop
Is 160 nJ 031 %grol oules), a small fraction of that r"&ﬁfme‘?"gfé&ﬁr

t her mal ink Jet printers. The | ow energ§’ allows the print head to be

conpl etely cooled by the ejected ink, with only a 40 C worst-case i.nk
tenperature rise. No_ heat sinki ng is reqw red. Low Pressure 15 The nmaxi num
pressure gStaightRapeiPathn | 346 print head is around 60 kPa (0.6

at mospheres) . mmqwaemumnngeqmredmmaightpmbpﬁhnmb@wdmem%l | apse in

thermal ink j d Bubbl ej et .syste S H0 MPa
(100 at rms;Pﬁ%sF‘E’é,'?’ °?R?Re&'ﬂ1an?sijﬁ'ébs 5VSP?°EP3@‘$‘B&?@”?&§?§ Idﬁﬁi@g Bri nlt% ﬁea pressure:
The hi gh pr.essik SeechdhiGhbieh@leito aitl oldrdioPrizes are b Majoreburdest gpear jumsul t i n

hi gh -mecham? F‘ stresses. 20 Low Power a?%o ppm A4 1J46 print head
requires about 67 Watts when printing full 3 color ~ black. Wien printing 5%
coverags, d&ighEfficignaver consunption is only 3.4 Watts. Low Voltage

Qper ati on | J46 TReimid lﬁlqammhem@aeromyeudmﬂr&(a%eﬁh‘gieat @leceigpngrgy tipt sane as
typical drive 25 ASICs., Thernal |r]k et I cal u t 20 V,
and pi ezoelcéﬁlPPﬁeétQWPJnggcﬁ‘WWn AR ‘i"\‘% °‘}°F%'X'% ﬁ%a% FJE %rl nt
head act uatg Q’E%ie kor nomi nal operation at 2.8 volts, allowing a
0.2 volt drop across t drive transistor, to achieve 3V chip operation.
Qperation from2 or 4 AA Batteries Power consurrptlon I's | ow enough that a

phot ogr aphiSelf-JatingOperatieBad can operate 30 from AA batteries. A typical
6" x 4"jgphot ograplndrgyiiqured lorfest 4o dropQs Ja0AIe(®. I6aniprolouleshid sodil Giegtiars

PCT/ AU02/ 00763 46 (1 ncl ud| ng drive tr I.stor sses tteries
are r econmeafdhal required; for thesmal ipk jet Bnﬁ@saﬂ'}‘llﬂ‘f’éﬂerﬁﬁ aliovg%t@e) R‘E@ hefféﬁ e print
time is incp PkARith BRIy R0 Warkt-Gie ihkaempeR@ideatsy. Nl t age
Oorrpensatlor?%?pjej%ytcér??ln fehgggémgn opler até from an unregul at ed battery
supply, to Iedat sthkiag B8 réquifetli ci ency | osses of a voltage regulator. This means

t hat consistent performance nust be achieved over a considerabl e range of
supply vol tﬁggires;rmhg U46 print head senses the

15 The maximum pressure generated in an IJ46 print head is around 60 kPa (0.6
 atmospheres). The pressures generated by bubble nucleation and collapse in thermal ink jet
and Bubblejet systems are typically in excess of 10 MPa (100 atmospheres), which is 160
times the maximum 1J46 prmt head pressure The thh pressures in Bubblejet and thennal

ink jet de31gns result in high mechanical stresses

20 Low Power
A 30 ppm A4 IJ46 print head requires about 67 Watts when printing full 3 color

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

Low Voltage Operation
1746 print heads can operate from a single 3V supply, the same as typical drive

25  ASICs. Thermal ink jets typically req}nre at least 20 V, and piezoelectric ink jets often .
require more than 50 V. The 1J46 print head actuator is designed for nominal operation at

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

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

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




supply vol tage, and adjusts actuator operation to achi eve consistent drop
vol unme. Smal| Actuator and Nozzle Area The area required by an 1J46 print
head nozzle, actuator, and drive circuit is 1764 10 m2. This is less than
1% of the ired by piezoelectric ink jet nozzles, d 5% of
the area ré&ﬁ??’gﬁ%y Bubbl ej et nozzl es. The actuator ar ea reg{@%}affects
the print head manufacturing cost. Smal“l Total Print head SI ze An entire
print head assenbly. (including ink supply channel s) for an.A4, 30 ppm 15

1, 600 dpl, four _color pri.nt i i ze
al lows i nconqleding doive W‘B‘%@ﬁ?@og “"egargﬁ%?arrf?nezld@qfe Bﬁ' ri tE’trfgrdsbcs

phot ogr aph ngﬁﬁt&i £ deSontRAf tHErint TméTPicrdasedio 4debonts A Arbatteridsoan bewsedck et

di gi tal ra palntop PC's, nobile phone/fax, and so on. I|nk supply
channel s’ take nost_ of this voI ume. The print head chip itself is only:102 -
mm x 0.55 nBeterpVoltage Compensaion at ure Nozzl e Capping System A niniature
nozzl e cappi ng EM6ipeim livads dxneperdtediogmevuriregulatddigition suppliictagbimiraty o

phot ograph printer this_nozzle c ) e X 4 mm
and does> nefficieaeyAosses phY tage]{egﬂlgganlﬁxbsxﬁwgma#_f ﬂ*\?étn%e?gﬂl Ag ¥el d 25

The proj ect todhdidabld fhgle éfupply voltdgey.) TIRII4 rﬁaéﬁqansemheheads is
at | east 80%’“%2%@%% Srl?mrl gea dFﬂ?t al gtg:l\/DS chlmvmth ﬁn area of only
0.55 cn?. Nb.qtplymﬂﬂﬂﬂ.@@]uwmenﬂamfé\ﬁ‘éfuﬁYegﬂﬁ"nWtE‘I‘tthY Ut p areas in
excess of 1 cnR. For chips less than around 1 cnR, cost is roughly

proportional,_t Act;a rAhE Rz PALeal NCTr€ases rapi dIy between 1 cn2 and 4 cnR,
with chips g%e-‘

i ncentive to en?hge%UqP‘FPétbytqq 3%?‘?)“@%%‘8?@% g‘ia“{rh e %8Irtgc‘ﬁﬁ'—l§rﬁ€£ernal

ink | et gnd 6164 thc{n' lr% of‘tﬁ@gt%ar ﬂﬁe&ﬁ&ﬁei@e@@{c@ﬂlﬁ@ﬁﬁoﬁﬁs AT hrduf@ 540763
width is typically around limtin e cost effectjve ength to
around 2 cmof the amajrcqmrteébgBubbiﬂeq npEgeshr ﬁﬂCtH@a@fmg}'rﬁ?c § ‘E@ ‘?
reduce the chi Bf dth ? nuch as possible, allowi ng cost effective

monol i t hi c PREBTi nt heads. Low Process Conplexity 5 Wth digital IC
manuf act ure, the mask conplexity of the device has little or no effect on
t he manuf actgaidlbtd Psint sad@idef i cul ty. Cost is proportional to the nunber of
process Stens, - aaldiftin héa'aqs{eﬁa%ty (ncficnlg i8R bugbly @A) For dn ki 30pDAL heads
use a standard ron sin oly triple CMOS manuf act uri ng
process, 15w tﬂ;ﬁoampadoiutcolonpmnt&eaﬂvslﬁasTkX§2@pr7mm The small size allows

incorporation into notebook computers and miniature printers. A photograph printer is 106

mmXx 7 mm x 7 mm, allowing inclusion in pocket digital cameras, palmtop PC’s, mobile
phone/fax, and s0 on. TInk supply channels take most of this volume. The pnnt head chip

itself is only- 102mmx055mmx03mm

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

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

not require the print head to move.

Hi Manufacturin Yield
25 ' 'The projected mapufacturing yield (at maturity) of the 1746 print heads is at least 80%,

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

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



Thi s makes the manufacturing process |ess conplex than a typical 0.25
mocron CMOS |ogic to process with 5 level netal. Sinple Testing 1J46 print
heads i ncl ude test circuitry that allows nost testing to be conpleted at
the wafer Testing of all electrical properti di ng the
resi stance ogﬁéssﬁict uator, can be corrpl eted at this stad’gﬁl‘w%(évglr
actuator notion can only be tested after4’15 rel ease fromthe sacrificial
material s,. so final testing nust be perforned on the packaged chips. Low.

Cost Packagi ng 1J46 prlnt ads re. packaged.in an.inj L on d '

pol ycar bonat~"’é‘1(lg ‘1“'3 n’g‘@lti“g g'eec}f?ﬁg\?%’éﬁ %E@é\%g‘ ‘iﬂ)}bgét

Bondi ng (TA@ ga%kqms hﬁé&*aeva&ﬁen%%ﬁs&ﬂ ka6 thOehip Hedlh asmach apt i on).
Al | connectlo e al ong one edge of the chip. NoAI&Qa partlcle

sensiti vi typddsthﬂmahmmgcb&tdfmt@smmoldb@@aﬂmvl panttheadse consi dered in the

packagi ng, as there are no nenory el enents except static registers, and a
change of stat due 8n§£ particle tracks is |likely to cause onIy a

single extr P ited (or not), on the 25 Rel, xed Cri.ti cal
Di mensi ofis The Withdigital IGmeppfactsss. @85”%?0‘??*%“@8‘%6}‘%‘?‘?"% haslitge enpee k
circuitry i %nﬂ@mﬁ#&wg coftOY it &My A6kt Isadroﬁo%&laﬂdﬁﬁe ASmber of PIREEE eBPNI S

currently use mcrons, which'is two device generations nore
advanced t hand ﬂiemthogﬁ@hprcrmcﬂrdamhsmaq ul4Geptintieads uge a SW%@B“%@‘@“’EIC

processi ng steps .hav cr.on_or_great

PCT/ AU02/ 00 PEY tiBlS %%@?S@ndﬁfﬁuﬂﬁgmﬁﬁ?& uér?le R ces cracE| hg dur i ng
manuf act ur e TRiEmakes tHelrhdhafachiiab pRItessildsh chraplex tHagmnypgical 0R5)mitron £MOS logic

pi ezoel ectric devices. This limts the size of the print head that it is
possi bl elmoprmwldtﬂﬁvélmqtﬂe stresses involved in the manufacture of 1J46
print heads are no greater 5 than those required for CMOS fabrication. No

Scan Bandi ngy heads are full page wdth, so do not scan. This

I t .S f t
ori nt Q?SGSB;’HE. ; %IE% e ineliden b0 G PR LIS EilBitha pile | ©
al i gnment ) 'Méf'sﬁﬂé’dels‘t’agé TosHRY émadnéctrw@p@bpémemmn@mg\mmsmaerdf thet 0 heads.

These causes of "bandi ng have al so been_addressed. "Perfect' Nozzl
Al i gnnent  Alactugfor;tcar beieompleted g thisistege, Haweer, h@%oram%ﬁ% G2g 9aly bedes i cron

accuracy sb y reféase(%ro% the sacrificial materials, so final testing must be performed on the packaged

chips.

Low Cost Packaging
1046 pnnt heads are. packaged in an mJectlon molded polycarbonate package. All

i

connections are made usmg Tapc Automated Bondlng (TAB) technology (though wire

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

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

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

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

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

microns. Advanced digital IC’s such as microprocessors currently use CDs of 0.25 microns,
which is two device generations more advanced than the IJ46 print head requires. Most of

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



m cron stepper used for the lithography of the print head. Nozzle alignnment
of two 4" print heads to nake an A4 page width print head is achieved with
the aid of mechanical 15 alignnent features on the print head chips. This

al | ows aut chani cal alignnent (by sinply pushing | head

chi ps toge%&?&sgﬁw thin 1 mcron. If finer alignnment i SPE%HEZPdrOe I n

speci al i zed applications, 4" print heads 8an be al i gned optically. No
Satellite.Drous The very small drop size (1 pl) and noderate drop velocity. ,
(3 ms) eIirrintesé atellite 2e0 drops, which are a major source of inage
qual i ty prosPRREERASUERGtRG s, satellite drops form byt catch up wth
the main drop. Déxices lmgdumngsmm@@cttyamaqqt@%@%ﬂ%%%@ﬂ“&fm&d% ety
of velocities relative t h .g?'l o) Wl tB4t iGORSBIbE ths Satellite
drops whi c handpigaee °tﬁ1885 lf:%fé%]\}le oms;ageos?zeelogt?%mttg%e rl)ri Et head, and -
t her ef or e ap@nEFhétare. Tienstfekdes thvolved ircthe pranmiactneead LEGDriatkeadTire 9o greater

difficult to avoid when high dr%% velocities (around 10 nls) 25 are used.
Lani nar rmﬁwsmmf%\foﬂ&bfp% BEUY- requires lanminar airflow, with no

eddi es, to achieve good drop placenent on the print medium This is

achi eved by%ﬁ of the print head packaging. For "plain paper'
application or, Qrinting.on other “r : f‘,aﬁﬁ:%n ' Rt 30

vel ocities are H& P‘F"étﬁ'ieégsﬁ Wg?géﬁ’isgggglgpfgﬁ'unlfrhé can %%%E%Ftel@ed usi ng
variations gfoniragnt iflesd @Il prevlemoofink jet pistepoBandgaduedo ntheufaness (mis- 3 col or
phot ogr aphi cfggfrﬁi nt hggédQS vﬁlth_a 4 PCT/ AU02/ 00763 V\ADb 3/018315.‘:@? m]{ts drop
vel ocity, adifeateddsppy PHnthead plighaenpis pualipa 21 PO0REN R RAEH I i oci ty,
on the sa f ks d W@aggtbgemgédnade usi ng the sanme process
par amet éﬁs%ﬁ%\@l\ﬁ%ﬁ?g@%%ed&%é)&gps M sdirected drops are elimnated by the
provision of a thin rimaround the nozzle, 5 which prevents the spread of
a drop acr osRerfentt NozglatAllgnméntsur f ace i n regi ons where the hydrophobic
coating is Conp@mf%%ozms e BrinCheriskehlignvb rrsubdiiaa ntcuney by ther®sS ar e
energi zed in Bubblejet or other thermal ink {et S%Stfgf t he ea‘f,, erm one
act uat or spmasiaxds steppestused for thedithegraphy of the paint head, Nozgle POF G T I

1J46 10 pri,nt. head | ' ; : eHanegnt
actuators afhpg{s,?g mg%? Hbgﬁéagée&{der#ﬁggééﬁghg‘nf\ﬁg%ﬁgﬁggggﬁggﬁi ng | ayer
equal | y, 1550 digsmer fedirecon te prihichepd dilpe Thissillows rutomated meghaniaghaligpment

el mnates t(g)? gurL%lly SJS%%?:»% §Mt'¥1%ag lclﬂi)sg t'o(g:eﬁr??osvtvﬁ‘l!ﬁ% 1 micron. If finer alignment is

required in specialized applications, 4” print heads can be aligned optically.

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

20  drops, which are a major source of image quality problems. At around 4ns, satellite drops
form, but catch up with the main drop. Above around 4.5 m/s, satellite drops form with a
variety of velocities relative to the main drop. Of particular concern is satellite drops which
have a negative velocity relative to the print head, and therefore are often deposited on the
print head surface. These are difficult to avoid when high drop velocities (around 10 n/s)

25  are used.

Laminar Air Flow

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

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

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



Each sinultaneously fired nozzle is at the end of a 300 micron |ong ink
inlet etched 15 through the (thinned) wafer. These ink inlets are
connected to large ink channels with low fluidic resistance. This
configurati virtuyally elimnates any effect of drop ejegt] fr one
nozzl e on ﬁ(ﬂgwlﬁ%zl es. . No Structural Crosstalk This |gaé{2€(g(%g6g] pr obl em
Wi th piezoelectric print heads. It does 4ot occur in 1J46 20 print heads.
Per manent Print head .The 1J46 print heads can be permanently installed.

Thi's dramatically |owers the. production gost af cans | £8..::8S.1.ne
consunabl e TEEE0P YelAcitiAngd ﬁcelqrrviﬁ"ua@ea%?ti P&sh‘%‘h{f W%&a‘?‘%"% n &
Kogation (rgsi - ' spthé gEMe prédessSpardnteterst Si gni fi cant
pr obr em m%ﬁeq@sﬁb’ﬁgf%’tﬁeg&nugég{ﬁﬂg?&%%gra%? ink jet ljpri ﬁfﬁ heads. 1J46 print
heads do not have this problem as the ink is not directly heated. No

Cavi t ati on Mo MEsdirectedIDrept by t he vi ol ent col | apse of bubbles is another
probl em t hat | iNfstiSeciddedrofuré elirainated By the! pepdsiomofh thinitém atoued thamorzik | et
print heads. 1J46 print heads_dg not have this V\l%‘)ff03/.01831§vj3‘g/tﬁéuo2/ 00763

PR SFET ST

50 pr obl%m which peEeniythe sBIsAEef adrap perpssthe PR hesds fretal s are
used in | J46 prind. Qhse@r Nnozzles, which are entirely ceramc.

" Ther ef ore,l]hxd%@rhg&f:rsegﬁglgggga erm wth electromgration in the actual ink jet
devices. The 5 CMOS netalization |ayers are designed to support the

requi red cuNp&@hesnahCrdsstialtk el ectromigration. This can be readily achi eved

because the curywgg adjeRhi £0latirt A8enaEizé@in Bubblejdrendtaer thirrinakink jensystemmsot  hi gh
speed CMOS switching. Reliable Power Connectjons

e th 4
consunpt i onthetheatSe@n e astuatos spreads te others; gndiatice!s ﬂ?%\gj‘s““gﬁ ?‘fg‘it%u '%r‘g?{n e 10
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P
hi gh el cutren tron. Wrst case current_ for a photographic
1 J46 print heeachndtietiendgancellingdayseemally, sohaom effegt opghe paddisgoyitios. Thiy ™ Anps.
This is supplied via copper husbhars to 256 bond pads along the edge of the
chi p. Each wéwaﬂbb%%ames??ﬁw °’Fﬂ§§?l§11m of 40 mA. On chip contacts and vias

to the drive transistors carry a peak current of 1.5 mA for 1.3
m cr osecondgjo AfidicCrogetallraxi mum aver age of 12 mA. No Corrosion

Rach simultaneously fired nozzle is at the end of a 300 micron long ink inlet etched
15 through the (thinned) wafer. These ink inlets are connected to large ink channels with low
fluidic resistance. This configuration virtually eliminates any effect of drop ejection from

7

one nozzle on other nozzles.

' No Structural Crosstalk _
" This is a common problem with piezoelectric print heads. It does not occur in 1746

20  print heads.

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

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

.25 Kogation (residues of burnt ink, solvent, and impurities) is'a significant problem with

Bubblejet and other thermal ink jet print heads. 1J46 print heads do not have this problem,
as the ink is not directly heated.

Erosion caused by the violent collapse of bubbles is another problem that limits the

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



The nozzl e and actuator are entirely formed of glass and titaniumnitride
(TiN, a conductive cerami c conmmonly used as netalization barrier |ayers
in CMOS devices. Both materials are highly resistant to corrosion. 20 No
El ectrolysis The ink is not in contact with any electriCﬁlt 0 {'i l's, so
there i s nd®PEUEHY) ysis. No Fatigue Al actuator novene Cﬁﬁéﬁa ?n
elastic linits, and the materials used a?e all ceranics, so there is no
fatigue. 25 No Friction No noving surfaces are in contact, so there is no
friction. No Stiction The |J46 print, head is designed to elimnnate
stiction, ei’rth% &WW‘F ?EmedNEIVB devices. Stiction is a word
conbining "stick”™ with "friction" and is especially 30 significant at the

in MEMS du ebtRSnikekighi ve scaling of forces. In the 1J46 print head, the
WO 03/0183%0 %%02/0 7 ad | -
substrate, eli m98¢ fﬁ%&gﬁm %@@g@%ﬁ%ﬁ@%ﬁﬁéﬁew&réﬁﬁ

ot herw se b eRfcre4RéRISED %rbmeﬁrvamlammgmom thEfaetusl ink jes deviegspTheed t o t he

materials are | ess than 1% of that which leads to rack 5, &#pagatlon W th
t he typlscaICM@Sfm@M@gHM@%m@FS‘ﬂfé‘t?FWPSH °9‘F‘&§’§ FURRIEV N ners are

rounded to gi gl Sé&l&mgﬁé%an BOlesRR Rhieved Yecils@he clufer codi oS ariss ¢dim

conpressi ve's I's much more resistant to crack propagation than
tensile st rmﬁrdmlﬂv&c,tnottngh speotl OMORgyihingl Pi ezoel ectric material s nust
be poled after they are forned into the print head 10 structure. This

poling require el Ei h I%ctrlcal field strengths - around 20,000 V/cm
The high v

pically limts the ?lze 0 Fthez eleﬁt |c
print heads to Whtlm‘ihd en@gtmnsweafmnrq ﬂé%met kyads e fi t¥uﬂ5'fslf6
heads requir teb i G 13&%31@& tthe
formati &h oft %ﬁggaedg (Eggxgk}@ncy@e#{%gﬁ%&é%ﬁﬁtgﬁﬁgﬁs'Y_ %Ih? 2 15 pregbl em
t hat pri marédnyurdptidnl Wosstphezaabredors photogkapjnetIM6 pmmeap iprintingiade seqoads

designed to revent re tifie si on faIIs
bel ogv zero.fr ‘E‘P‘larﬁ Vel F‘H’H Yo 49!1%“‘%%&%@9? %lé’?h Véa %°el’ rvl&? é’?‘ét% \%gg%i‘%‘ll psi '
a wafer is I Ghakige ik dhig: HaBFbonlHag ciisd SmbatRm of 40 mA. On chip contacts

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

15 maximum average of 12 mA.

No Corrosion
The nozzle and actuator are entirely formed of glass and titanium nitride (T1N),:_ a

conductive ée_ramic commonly used as metalization barrier layers in CMOS deviccs.'Both

materials are highly resistant to corrosion.

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

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

so there is no fatigue.

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

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

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

30  significant at the in MEMS due to the relative scaling of forces. In the IJ46 print head, the



26% of the wafer area. Instead, plasnma etching is used, requiring just 4%
of the wafer area. 20 This also elimnates breakage during saw ng.

Li t hography Using Standard Steppers Al though 1346 print heads are 100 nm
long, stanggi§ofiaPrers (which typically have an imagi ng,ciﬂﬁhg,o@,gpund 20
nm square) are used. This is because thg print head is “stit usi ng

ei ght identical exposures. Alignnent between stitches is not critical, as
there-.are no 25 el ectrical. connections between stitch regions: One segnent
of epch of pr i W?ch [ QbsteRe stibkivh Ng an
“aver age' Q?ﬁglz?l?ﬁus# n@%&% ra%é’}élex O%B%MFE{%%%PE% ?‘3%‘?%& Color on a
Singl e Chi\ahi&ﬂ%umrdt]n‘drwma:dsnwmhmgadate all of the colors required onto a
single chip. This cannot be done with page width “~edge shooter' ink jet

t echnol ogi €s. 03/ 018315 PCT/ AU02/ 00763 52 W de of Inks 1 J46 print heads
do not relﬁggﬁg\étg%—%il?ﬂopertl es for drop egj ectl an. n be gased on
water, i croerfhestresses applied to tha matasialsare lepighan 1%mktha hWBl

ot her sol vents. de range
of vi scbsi Pppaontith sRL PR SRpRR of AN ant Blapd Bt Cferfuk]

al | owi ng ardﬁhs&l th il fienied staseg Hompbish The glaswis alao aliays Wdoncaunptessivg sEefdi es The

print head ckaging is designed to ensure a rflow is lamnar, and to
elininate @Eﬁhé%muql?ﬁ‘@fq@ﬂf‘ﬂ‘%é? Pr&ﬁlmeB%gaE%ﬁ’@gte&FletW%I ence coul d degrade

i mage quallty due to the small drop size. 1o Drop Repetition Rate The

nom nal dr Qg li’b Réjufe®f a photographic 1346 print head is 5 kHz,
resul ting E E rop
repetition rat Eief‘??rlec lﬁﬁteﬂ?’lf [ﬂugth ;@?eﬁ?agg ﬁ%l gﬂgt@mﬁ% Waﬂﬂ%eagrl nting.
The maxyjh NMUENHHES. Tlﬁ&@@éndglragnfeﬁbﬁylhsghwlecnm figld btremigthe e ardund20800 dzche refil |
rate, which is determ ned

surface tension en erat ed 15
pressur i ze@h¢mghvm¢%ﬂ§$@b@ﬂep¥'é!wc€l§t]é‘?% °8’63\é\gﬁ‘e@|¢ %?gpbllygh{]@lar&%d
positive | SR QLIS tPPb1& Rk pridP HENAS FequiddndPolings entirely
adequat e fgrmog 'H&%Og(gg? cons‘ﬁﬁrr%r appl i cati oeﬁs For very hi gh-speed
applications, such as commercial printing, nultiple print heads can be
used i n codoRexrtifiehDiffusionf ast paper handling. For | ow power operation (such

as operation f RemriedAfEdéd £ the Founatibs ofibubples anetoldyclmprsaue veriatidne -iedluced
to reduce power. 20 Low Head-t o- Paper Speed The nonéeélg he, d t yaper speed
of a phst ogr@qhmﬂlaﬂ_nﬂma@mafﬂw‘ﬁé’é?@°?1§°t’6w“}$mséIﬂéP A print

head it is (r)ercht ol Hiff&Fon, WiHE K preRBRYWeva tiiltibefbwoierd.ne typI caI

Elimination of the Saw Street
The saw street between chips.on a wafer is typ1cal}y 200 microns. This would take

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

20  This also eliminates breakage during sawing.

Lithography Using Standard Steppers
Although 1346 print heads are 100 mm long, standard steppers (which typically have

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

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

Integration of Full Color on a Single Chip

1746 print heads integrate all of the colors required onto a single chip. This cannot be

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



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

| nproves drop placenent accuracy. However, this head-to-paper speed is
enough for 34 ppmoprinting, due 25 to the page width print head. Hi gher
speeds canyFa@hisis be obtai ned where required. H gh Spegst@ddeoias
Required The cl ock speed of the print hg d shift registers is only 14 Mz
for an Ad4/letter print head operating at 30 ppm For a photograph printer,
the clock speed is only 3.84 MHz. This- is nuch |ower than the speed
capability ; e rocess used. This sinplifies the 30 CMOS desi gn,

and elimn sipation prohl ens when, pr.inting n - Why | mages.
WO 03/ 018315 SH4pErNSISs 'é‘gm'sel#e&ﬂgﬂ gk H?P?“Ej\fﬁgd@ﬁeﬁﬁ“rﬁ@&gw?{ gars%%i Sters

and transf %é Wil lceinibng b, Vmﬁaﬁﬁcﬁh&ﬁm&m fheRivaixes; oflethérgolventequi r es
35 transi stors per nozzle, conpared to around 13 for a dynam_c des

ign. :
However, (46 pinahéads desbeituredsfos inke pvdr aaxidemsnggyeisviscosity 4ndisdach it?jﬁ’é’g' noi se
I mmunity, |ower quiesce 5._pawer cQq ' eater processing
t ol eranées.T?W‘a@%@ﬁp?m%tﬁgﬂ%ﬁnsaﬂ8wmfﬁe‘% ?f%ﬁﬁé é olpg%gf) ﬂg'rat io of the power
transistor is 688. This allows a 4 Chmon- resistance, whereby the drive

transi st or 1eefifarEsFhwitioho Edienct uat or power when operating from 3V.
This size ”an?hﬁﬁnﬁﬁt ﬁ%ahgaa&&?ﬁti&és eFto leH@lrOthat AHTMGs MrhiRar £ tohi f t
other Togic.

regi ster to an us an adequate drive transjstor, along with
the associ afligfnaleeddiesdThisiis importent, a5 eddies oxturbulenes eanld drgradgimaggualitydie | s

not al ready requi redorl by. the actuator. There are several ways to reduce the
per cent age @themmall EBﬁ‘é?med by the transistor: increase the drive voltage

so that the required current is |less, reduce the lithography to |l ess than
0.5 m C{@n,D@g@'mM ot her high current drive technol ogy, or increase
ar,

the chip 1 2 nofind thdiftebARBh HAL of H SrofostdoRId 1V4d (e hUHAiS B LRI, redtiing

under neat h t he ‘actua Yoconsunpt’ion of the present
desi gn is ciangriespedd of 2 sbnedperfphotveTleencoingl deap repriige rae forgpidesint bsd The

presently disclosed jnk jet pripti t echnol | Se:SAH Aide. range
of printini§ 19@4@&2‘@%“8@‘%%? paagsi ‘g‘% fé %gﬁ#ﬁn%ﬁﬁégﬂm%ﬂwg utc?? and
monochr one g L 68,AK fefil¢hS, wiich S@skeriinedbpsifade tetisiomwREN gperaxdarsing non-

15  pressurized ink. Drop repetition rates of 50 kHz are possible using positive ink pressure

(around 20 kPa). However, 34 ppm is entirely adequate for most low cost consumer
applications. For very high-speed applications, such as commercial printing, multiple print
heads can be used in conjunction with fast paper handling. For low power operation (such

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

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

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

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

High Speed CMOS not Required S 5 o
The clock speed of the print head shift registers is only 14 MHz for an A4/letter print
head operating at 30 ppm. For a photograph printer, the clock speed is only 3.84 MHz. This
is much lower than the speed capability of the CMOS process used. This simplifies the
30 CMOS design, and eliminates power dissipation problems when printing near-white

images.



4. Network connected col or and nonochrome printers 25 5. Departnental
printers 6. Photographic -printers 7. Printers incorporated into cameras
8. Printers in 3G nobile phones 9. Portable and notebook printers 30 10.

Wde forma | r.s 11. Col or and nonochrone copiers 12. I
mnophromﬁ@é&&h_ﬁse machi nes WD 03/ 018315 PCT/ AU02/ OOYGSPE@QE}@W&

Mil ti-function printers conbining print 3fax, scan, and copy functions 14.
. Digital conmercial printers 15. Short run digital printers 16. Packagi ng

printers 5 17. Text]J inters 18. Short run digital printers 19. O fset

press supple °_ 20. Low cost scanning printers 21. Hi gh speed
page wi dth pri rftershift @gRRrs ddtenderegisters areiully optigidgsigngiA staticdrsishi di h

printers 23. Portable col | : j
D5, i cicet PN RBsOR g potale SRR aupl 18 ety BB ERRCLELS
CAD pri nt er ge spafle db¥igt it iséVefdl bdMAn@fés)ineluding hight Alsise ipmnumity) lweiSfhiestémvt 0CD

. Qpdsh
printers 31. Wallpaper printers 28 32. Lamnate printers 33. Indoor sign

pri n{erss 3goweaBicphsvmptign and greates progessing/tQierarfafre printers 36. Photo ki osk'
printers

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

resistance, whereby the drive transistor consumes 6.7% of the actuator power when
operating from 3V. This size transistor fits beneath the actuator, along with the shift register
10  and other logic. Thus an adequate drive transistor, along with the associated data
distribution circuits, consumes no chip area that is not already required by the actuator.
There are several ways to reduce the percentage of power consumed by the transistor:
increase the drive voltage so that the required current is less, reduce the lithography to less
than 0.5 micron, use BiCMOS or other high current drive technology, or increase the chip
15 area, allowing room for drive transistors which are not underneath the actuator. However,

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

| Range of applications
The presently disclosed ink jet printing technology is suited to a wide range pf

_ printiné systems. - L o .
20 Major example applicatfon:s include:

Color and monochrome office printers

SOHO printers

Home PC printers

Network connected color and monochrome printers

25 Departmental printers
Photographic-printers _
Pn'nters incorporated into camerlas

Printers in 3G mobile phones

v 0 N o R

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

12. Color and monochrome facsimile machines




25 37. Business card printers 38. Geeting card printers 39. Book rinters
40. Newspaper printers 41. Magazine printers 30 42. Fornms printers 43.
Digital photo albumprinters 44. Medical printers WD 03/018315

PCT/ AU02/ 00763. 55 45. Autonotive printers 46. Pressure sensitive | abel

printers AYO OFRIBHS proofing printers 48. Fault tol erant EGRAUPT0383 printer
arrays. 5 Prior Art ink jet technologies4Similar capability print heads are
-unlikely to becone available fromthe established .ink jet manufacturers in

the near future. This is_becausge fhe t mai n %ﬁntenﬂ\?‘éﬁo- thermal ink jet

and pi ezoell8eMulti-fyngtior printers gomabiniig pENG iA%. Feans T FIRY Br obl ems neeting

the requir nﬁm idgation. 10 The nost significant problemwth
thermal | nkﬁj'e tlals%n?)%/l\e&ra consunption. This is approximately 100 tinmes that

required fors. Shasmnaligital pantersns, and stens fromthe energy- inefficient
means of drfﬁg gé'ec,ti on.. This involves the rapid boiling of water to produce
a vapor bu P k\ﬂﬁ‘?‘%ﬁ“@i’ﬁels the ink. Water has a very high heat capacity,

and nust; bej7 qupAspameRd in thermal ink jet applications. The high power
consunption limts the nozzle 15 packing density, as The nost significant
pr obl em wi t 8. Shert owl digital pentessk jet is size and cost. Piezoelectric

crystals haﬁ%ﬁ\éter SS?gl?ﬂlém&%?ﬁﬁg}SO” at reasonable drive voltages, and

therefore r ge are r each nozzle. Al so, each piezoelectric
act uat or nugg, Loe cosvsomnirgcprinters t s drive circuit on a separate substrate.

This is not_a_signifjcant 'B%Ob'l emat the current imt of' 20 around 300
nozzl es per2bAigh sneedPRgeSENPINKS S ni or | npedi nent to the fabrication of

page_ wiglt hz%!r'd?ébobﬁe&ﬁ brks Rith 9RO pape awlidiprinenpar i son of 1J46 print heads
and Thermal Tnk Jet (TI ]:1)') printing nmechanisnms i FactorTlJ print heads1146
print heads28\Partallgeolpeang menoghtlet S PrB®OFul | phot ogr aphic i mage quality and

hi gh qualit ¥4. Label printers
25. Ticket printers
26. Point-of-sale receipt printers
15  27.Large format CAD printers
28. Photofinishing printers
29, Video printers
30. PhotoCD printers
31. Wallpaper printers
20 32.( Laminate ];)ﬁnters
33. Indoor sign printers
34, Billboard printers
35. Videogame printers
36. Photo ‘kiosk’ printers
25  37. Business card printers
38. Greeting card printers
39. Book printers
40. Newspaper printers
41. Magazine printers
30  42.Forms printers
43, Digital photo album printers
44, Medical printers



text Printer typeScanni ngPage wi dt h41J46 print heads do not scan, resulting
in faster printing and snaller size Print speed<l ppnB0 ppm J46 print
head's page width results in >30 tines faster operation Nunber of

nozzl es30051, 200>100 ti mes as many nozzl es enables the high print_speed
Drop vol ume®8 93P 88 t ers1 picoliterLess water on the pape?‘,mgp?%o[mﬁss

i medi ately dry, no 'cockle' Constructic¥Multi-partMonolithiclJ46 print
heads. do not require high preci.sion assenbly WO 03/018315 56 PCT/ AU02/ 00763,
Factor TIJ print headsl J46 print headsAdvantage Efficiency<0.1%%0 tines

i ncrease i reANfomAVePrin€®y|ts in | ow power operation Power supplyMains
power Bat t er | i | ows -portable printers, e.g. in caneras,
phones Peakii?ggé}ﬁ?gee\éilggggtﬁmtﬁ nrhe hi gh pressures in a thermal ink jet
cause rel i a4, Oolor ppoofing eristetsnk t enper at ure+300 C+50 CHi gh ink tenperatures -
cause burnt dye deposits (ko ti.on‘) Cavi t ati onProbl emNoneCavi t ati on

(erosi on duis.Eauly cexa.tqeggpg&mtp HPE head Iife Head '
|'ifeLimtedPermanent TIJ print heads are repl aceable due to cavitation and

kogat i ons OpgfigHAd mkgéﬂt_é_@&%@jew VAl | ows operation fromsmall batteries ,
| mportant for parlabl aﬁﬂgﬁ%fﬁ&hs Q%miiﬁagtﬁe%auawabﬁwmmn@m 1/ 50
on al I 'ows

of the drop ej¢€ ner attery operation Chip area per40, 000
n21, 764 n2Shwljét rdntfacaudroissthé noar fuvste. Tisis isftecause therdwe main ¢antepders ¢t thsgmal

lated b killed in_ th t 1 | B d/
o0 11 cat | offE I BEs e ke AL oo ert A R R Rrkhecng BE° D00 Pl ¢

embodi Ment S e quirements of the application.

10 The most significant problem with thermal ink jet is power consumption. This is
approximately 100 times that required for these applications, and stems from the energy-
inefficient means of drop ejection. This involves the rapid boiling of water to produce a
vapor bubble which expels the ink. Water has a very high heat capacity, and must be
superheated in thermal ink jet applications. The high power consumption limits the nozzle

15 packing density, as

The most significant problem with piezoelectric ink jet is size and cost. Piezoelectric
crystals have a very small deflection at reasonable drive voltages, and therefore require a
large area for each nozzle. Also, each piezoelectric actuator must be connected to its drive
i circuit on a sepafatq substrate. This is not a’ sign:ificant problem at the current limit of
| 20 around 300 nozzles per print head, but is a major impediment to the fabrication of page

width print heads with 19,200 nozzles.

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

Factor - TIJ print heads | 1746 print heads | Advantage

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

i | Printer type : Scanning | Page width : |‘IJ46 print heads do not scan, resulting in faster .
) ‘ printing and smaller size

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

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

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

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




W t hout departing fromthe spirit or scope of the invention as broadly
descri bed. The present 5 enbodinents are, therefore, to be considered in
all respects to be illustrative and not restrictive. WO 03/018315 57 WE
CLAIM PCT/ A 763 1. A portable inkjet printer conprigjipg: | ongat e
pagew dt h p Hﬁ?/ﬁlég]& having a plurality of_jnk supply pass%@gpozzda&‘ﬁ

el ongate pagewi dth ink distribution mani f%‘% d connected to said printhead
and  substantially coextensive therew t h the manifold including a |

plurality of : 1he

pri nt head, Sl e M N PEREY B 268

al ong the J& i I<2°§H‘Ef:5’f asﬁﬁ‘i#ﬁc’é’ﬂfhffé’('ff‘é&?“’t o Sai d
mani fol d an %uhcf aht | Al IT codte nncw Ve—t P‘%wg\? onanrl | nr\l ||r~|| nn at dast
one el ongat Pﬁ&'@‘é\’/ﬁpﬂt h st¥rsgevend, : i d -
mani f ol d, sa } spaced—aldng

|°r15°5”t rans @F 5“%?“@&1"|‘8%ﬁ“‘§‘d“1‘d§“t“€? defli ne
... EWPFOQIEWSH inkoinlets andlvi a

"'é%.?g f | ow t%sltlﬁﬁem?aﬂwwwe b dyeidepetits e
H‘B’P‘her as q%ﬂgvh@éer?sm deedeibubkle seliapeshiimits | of

t he portabl gprit ovi-ng—f-or—f the ink fromsaid
chamber port} i |fleerent;j 5 H—gﬂmﬂﬁ‘t"ég" iﬂ“ﬁ"@?ﬁb"ﬁ%‘é"‘f“&m
active de 202 A

wherein the Qﬁf“‘%dﬁl Uty ¥ies of s“ﬂ??’%itglé"‘m&ﬁ% attpriss » IRpArtaRt ‘g

d—s o er—Ra
t he storage c‘ﬁ&‘rﬁb“éﬁ‘”"and S04 ng
chanmber portjons—sach-including =
which ink in
acting to ree
from one sai

ber

Separ ate Col | nl/c I\ nrl n+ PV EV2Y-YaY- d: ng tfl'P,Qﬁ ocket,
orinthead i s %{wﬁgr?em%ad UM p. 25 45 pr i niler VBl apnpein sk plap e
V\,her e| nt he St-oF :arn: h:anhnr | S—6-0RSt r et raal naldad corponent-s- 5

A printer ac Qr&ﬁ“’l‘i@"’to c|4<9i0991»¥n coﬂgﬁﬂ%t edyfwlrf‘f%""ﬁlhwrfﬁﬁlw{éﬁ? connedt ed

conponent s. 3922 A pL im 5 _wherein the ipk sunply
unit includes three or nore said ink storage chanbers, each having said
baffl es di sposed therein. WO 03/018315

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 présent
5 embodiments are, therefore, to be considered in all respects to be illustrative and not

xestrictive.



58 PCT/ AU02/ 00763 7. An printer according to claim1l wherein at |east one
of the baffles extend in directions transverse to the |ongitudinal extent
of the printhead. 8. A printer according to claim4, wherein said

conponents _are injection nolded. 5 9. A printer accordin l.aim 6,

I ncl udi ng évch:’éqlBJ&BI e wall portion in each said ink sto%@&@%&%ér for
connection thereto of an ink supply condlit connecting to a bulk ink
supply source. 10 10. A printer according to claim1l,, wherein sai.d ink ,
supply unit includes a housing having a series of hydrophobically seal ed
breat her hOVNECLAIM: An el ongate pagew dth ink supply unit including a

series of substantially coektensive el ongate pagew dth storage chanbers

for hol ding separate color inks for _s_géqpl y 15 to an el ongate pagew dth
print head, kai d A peetableginkiet RS COMERSIBE NG a series of baffles spaced al ong

each chanber an i I ThhRAENR ' f PR su sdges,def i ne
chanber porti ongdn?ggﬁ&?hg%m%gngmhol e 1\:/n?gp'\ft\/nhi C bi nk cﬁéprzy_gisi,tg@t he i nk
supply sunit, t e ehmihte pagenddthink distribetéonmanifoldj cghnestsdae said grivtheadaRdwi t hi n
sai d chanbers whjlst sinultaneays al l.owi.ng | ' t hr ough
sai d chanbe’f“gs%%mﬁlﬁ E°qx§ena¥vﬁ\%erH}’hé%‘f§ﬂ"ﬁ‘§#é% ﬁ@%@n& %%méh%er porti ons
t hrough sai &r%%amg 12 said\hki sﬁifpl? BiBAgés bt prftheddantbfirther inlading 4 pluralitier ei n
sai d nol ded chanbersS conprise two separate parts which are seal ed together
to form saidihhmlﬁuwitipneﬁﬂlpnsﬂlsmammﬁ: printer according to claimS5,

olai m 2, “aher of g EpEpRERUSBIEE Bl AR cOfiecied o solt BT CindRBRAgy °
conponend s &xtensive therewith and including at least one elongate pagewidth storage chamber for
holding ink for supply to said manifold, said storage chamber including a series of baffles
spaced along the storage chamber and extending in a transverse direction so as to define
chamber portions each including a hole aligned with said ink inlets and via which ink in the
chamber portions can flow to the manifold, the baffles acting to reduce excessive
15  acceleration of ink along the storage chamber from one said chamber portion to another as
may be induced by movement of the portable printer, whilst allowing for flows of the ink
from said chamber portions to the manifold inlets via said holes in response to active

demand from said printhead.

20 2. A pi‘ihter according to claim 1, wherein the ink supply unit has a series of storage - '

chambers for holding separate color inks.

3. A printer according to claim 1, wherein the printhead is 2 printhead chip.

25 4. A printer according to claim 1, wherein the ink storage chamber is constructed -frqm
molded components.
5. A printer according to claim 4, constructed from two or more interconnected
components.

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

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

directions transverse to the longitudinal extent of the printhead.
8. A printer according to claim 4, wherein said components are injection molded.

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

supply source.

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

having a series of hydrophobically séaled breather holes.

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

a series of baffles spaced along each chamber and extending in a transverse direction
50 as to define chamber portions each including a hole via which ink can exit the ink supply
unit, the baffles acting to restrict high speed fluid flow within said chambers whilst
simultaneously allowing low velocity flows through said chambers as ink 1s drawn by the

printhead from the chamber portions through said holes.

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

two separate parts which are sealed together to form said ink supply unit.
13. A printer according to claim 5, wherein said components are injection molded.

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

from molded components



