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WD 2004/ 062925 PCT/ AU2004/ 000023 A DI G TALLY ACTI VE
3- D OBJECT CREATI ON SYSTEM FI ELD OF | NVENTI ON Thi s
wO noansiseh rel ates to the creation of obj ects BST/AY2004/000023
digital additive manufacturing and nore particularly
to creating working objects that may be electrically
and/ or nmechanically active. 5 CO PENDI NG APPLI CATI ONS
Vari ous met hodsiersy sy aesvanch eprer akusriorkesteng to the
present invention are disclosed in the follow ng co-

FREDOIBIvVERRIo¢ati ons filed by the applicant or
Tktlasffg\lfeg %gge&?f{s tot@eﬁb rmglzf ﬁl;]bgeﬁ’lsrllventl %@f]‘? tI gw g neOUS| I mdtk part1cu1ar1y to

DAND4PCT DA AMDSPCT, 10
TBANDECE BA BT G ECP %%k@cﬁ@f?n@msm

DAML4APCT. The di scl osures of these co-pending
CaFENDENE ABREICATEONhcor por at ed herei n by

cross-reference. Each application is tenporarily

V%n%gﬁr{%éﬂiod% gysg%s hﬁ%p;ga%h %latﬁél EBQEJ presllll'lﬁeﬁ%lll Lre Q@cl«gs@cp{nemeeﬂllmmng co-

rres ndlnq I nternational Patent applicatian
pen@mmphomehﬁl ithegplisant g AesengROUREPressn 1vpR sypulizRegysty; Wi the present
whhacturing is a process by which an object is
defined t hree dinensionally by a series of volune

el engn er.ej QAR

obj gﬁf‘&iﬁ%&&hén Cgrﬁce 41%1& ea 0:gPé‘]lsIﬁaI\ | n%é%o%ﬁgpcﬁ DAMOSPCT,
voxeDAMA® At DML QPﬁé@ s DAM]1 W@WAQ@IZBCHWBB%W%FC%

time or layers at a tinme. There exists systens that

T}H‘:S(fsclg&ga's bt iede éoq}éha‘ﬂg abMQ@aohse&ehlﬁ&hﬁﬁ)éd b&ein 9}‘ dr&ﬁ-reference Each apphcatlon

g et s JAE e S A RS s P
appGatich nigbep vhentatiisttk. and are only useful for 20
produci ng non-wor ki ng nodels. SUMVARY OF | NVENTION In

phbRGRO®ES®Nt i nvention we digitally define objects as a
series of voxels and have a production line that

DBF% aéffzt ve man actlcl:ltmsé 1sb CI%% :n}t’e \Ighggxl ag gbggtt ¥ géﬁéd Jh:g%wcﬁmenswnally by a series of

ron 1i1ne-si reates erent

V(ngllie ellegagn?ts (ﬂgrgﬁ)akﬁjarq&{er?ed% Js Qoxeﬁ)a?]n: ogjgétiisl tf2h pﬁﬁ&%@a@a\é/l@mg down each

separate subsystem In the preferred enbodi nents each

V&8l dh 89 tihn§ irf 1B%s b fh& 50uRs 2 RinRIOPFETSa il SO the system
builds up multiple objects S|nultaneously The

T e!rene|x1strs] ?y%tercr)ls Jhaet Egesmorcp?gd inkj et?ype e(qmcrﬁ prmt’ material onto a substrate, so building

the object. However, these systems typically utilize a single scanning printhead and are only useful for

producing non-working models.
SUMMARY OF INVENTION

In the present invention we digitally define objects as a series of voxels and have a production line that creates
objects by creating each voxel. The production line simultaneously creates different portions of objects with
each portion produced by a separate subsystem. In the preferred embodiments each portion is for different

products and so the system builds up multiple objects simultaneously. The finished objects may be of identical
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1 WD 2004/ 062925 PCT/ AU2004/ 000023 or of different
desi gns. The portions nay be of any shape that may be
waele@iunedoky descri bed. Portions produced by di PEBEABR104/000023
subsystens may have different shapes. In the preferred
enbodi nents each and every voxel has the sane
di mensi on. However, a product may be defined b .
or of differkrs defensBliregottibrsmap ot gy sbape Sathpy bb@gifallb%nhv%mms produced
preferably created or |aid down onto one or nore
by diffisent yubtyeieyus map havp difffrd 8PS d enbodi nents  one or nore
substrates are provided, each having a substantially
In R ARed SHMCHiRRRS A WoiyolxdRis € kale dingnsigieiiosid agrodiahy be
of the surfaces preferably noves in it's own plane
defipaity vbeB ofmidrs that amersizebut does not ot herwi se nove
relative to the subsystens. Each substrate need not
hC 3R ls@steadds. Th Se preferred embodiments
Th%g}éggﬁsgjé&g}%ﬁg?ﬁéggﬁ%g@g%ﬁ% be of any shapepdesi red.
one bR B0 WidStakedheB pldRiNed @AM PaS subshitilil Pianas fubls upth whicl faterial is
constant velocity along a path or nay nove in steps.
depdtiBd. SHRSE thelutfaddyrefabidpmbes i dlsoed pliue prsdthatubsystbrar ut dypsgnot otherwise
or nore axes, as it noves between subsystens, as it
movevletive et suissyteany Sachmsbstratg ned ndt Bave ¢ pledapiyefrop urpn Whigh material is
conbi nations of these. In the preferred enbodi nents a
depoited ind thsgerfacy oyt aftaay sherrdesingh The hrlate pRCYRYE RAYERGEOYfras ot
roduction line at a substaptially constant velocity.
confRs VB Y PGS P OF Y T PP oS TEER Y AB Sy Bl aboutone o
oG BB EpAeRy SR P FsheR i B T 06 Dlon i cqmbioations
of tggsg. o{ﬁe $rQ tred%%(ﬁlﬁfems a t&ﬁﬁﬁ&&u&{rgg&o@g paht@he@ﬁb\éys@b@ Sfthe production
confrguratron. As an exanple, a substrate having a
1in€H b bRdLdiGRlcottahihv@6gymey be caused to rotate about its
axis as it noves past a subsystem so that materi al
Thg BB e P BB TN AP e BT RPA BTy B LB fepgr bt coud e
obj ect . and .t he | ayer - t [ ' kiguration. As
ool et o YR o o KRR o e RS @ e
S8 e NQhinsbSe ﬂ%'viﬁ@%ylmd-ﬁbﬁ sdrBYEGHES bEPANsed BYQat@abORMS ix@/ 4 it moves past a
|Ckhess. Layers "having 20 differing thickness

su%‘i/sttem, Bt BatQEdch AW ex@hd inM Kol dA tHelR@ingtapereé. t he
invention. Simlarly objects nay be nade wth

mul tiple | rs th do _not. .hav i ie. o
R
eriselnr. ) f @@J%ﬂﬁ&ﬁ&gil havi
ﬂa%il%q%egf Y gyt/hgrl%g F}Iéel\7gnt e anéug?rle% ’ |¥%E§LS| ‘c;nsc.o Al ter nastS ea:’zees e
diéfe@iX?ﬁﬁkrﬁ@Xvitﬁﬁ ﬂ@%ﬁeﬁﬁkr A Eithbnl tNeBicdpe oBCivediol Similarly objects may be made

Preferably alternate | ayers are offset by half a

withQXRplei14Yer® BE: do hotASle heGdmet thikness thambtbristidr t hogonall
di recti ons.

"

an

In the preferred embodiments each layer is planar, is made up of voxels of constant size and all layers have the
same dimensions. Alternate layers may be offset relative to each other. Preferably alternate layers are offset by

half a voxel in one or both of two mutually orthogonal directions.

Because voids may be formed in the object, when we refer to a ‘layer” we mean a layer as defined, which may
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25 Because voids may be forned in the object, when we
refer to a "layer' we nean a | ayer as defined, which
wWoragn4/029¥80 2004/ 062925 PCT/ AU2004/ 000023 i ncl BCEAU2004/000023
voi ds, not a continuous |ayer of material or
materials. In preferred enbodi nents each |ayer is
created by one or nore printheads. In the preferred
incledelvoidd, @ A tantitoes layer dfmtatesad dsmaggriels.ar r anged al ong a
Iongitudinally ext endi ng production |ine and one or
ern%d §1;n£1ﬁ§ &h 1RV crlRAsitby obed ¥ mbre bﬂﬁﬂﬁ@&dﬁ the pREbridPatbbdiments the
Irst |layer, the printheads print onto a
mﬁfeﬁfé |a1@ H§z{n¥edﬁfoh@£ Bekith@yaYy ex@hdifPgredubtidh (ife)and Sne he@ore substrates move past
printheads for all |ayers operate sinultaneously and
the Bnthtis) 288 apadd Gorh thie Sitst Ipyer, e lpeatitbadsprifgonta e pregiowslyfprinted layer of material(s).
layer of a first set of one or nore products, the
Theseinthends for dllridybre ambratessiopyltangpishygndeso sibiso thel stapyleﬁheaéfs Pamtmg a first layer of
second set of one or nore products andﬁ}he t

a figst setrptf Preecpeimpre profychst hsrgeond prisfhead it w@}g aspoond layer ot 3 sgcgled set of one or
oy G U oL S 8 BT G 00
ot R0 ! G 3pU Y R
squﬂaned%g{, ﬁJ H'Joﬁ %Ll!?r§<§f16d%%etpéﬂpﬁhﬁb%ads extend across

ate and are capable of
printing across the full substr

Tn ¢ prefprred ﬁ@kﬂﬁlgwts fhe ermﬂteﬁfeyxtﬁ)“& S 0 8’51% % Fhe s g e frpable of

t t Thi
s B BB A AP SRS o P
staﬁo%n 3 t’[%gtena%lr% ab suPs"g]r\é\@J %%sed ppsrf {h rﬂﬁl@gﬁ atld, ﬁ‘tﬁiaﬁtﬁﬁy Soadmnt @Eed with the

ri 0 e substrate. e substrate speed is

priftff gs'})ﬁ%tm k& Qovls REmSAM WMot buRBse. TRY ubbirhe @dedGy Gdtehed o r@&Owidth and
t hat 't he substrate has noved the width of the rows

pnﬂﬁéa@ tyRH tifn@ ko tBRAMB subktiathRaAGedicWieth oflthe rbivtygintell éor p@k brinttowd cycle.
or rows printed by each printhead will be printed next
Thithehefr@Wor OavBIpyintat hyrbobgrintioad will be pringed next (9 atpryiopylxfrisied gag or rows.
enbodi ments the printheads each print two rows
In b prefetrairvebedihapts s printhrodseachornt SHpO Ty vrniasspuslyfor inoggaferl gibstrate speed.
substrate width printheads are preferred, scanning
W'lepsﬁbsggté th\!ﬂ?ﬁﬁtﬁeaﬁﬁye PRerkéll,iséab @@ty de @risthdal riaf Belisddyto simultaneously
produce multiple ayers of objects. The terns
pnﬂ&k%ﬁh@ﬁ&@m$oﬂﬁﬁunt and derivatives thereof are to be
understood to include any device or technique 20 that
st b LLga ny device or technique
TEGRE: BIEE HEHR o A i AP S SR e any ‘

tha{mgpgsu 51] c%t@@rﬁgéral o\ﬂ% sﬁr@at:ceiﬁ a E&tr&lié@ minkt head or
prirntheads for a ayer as a layer group'. As used in

the d t d d t ‘
Eagh g@yggg{jl R Iﬁgqr,})égxro]ﬁ ag.geeé{lrﬂs WJ Beﬁeé% ﬂ%ﬂ rprtatg% nlbper{n %O%r %‘i‘ as a ‘layer
one

gr?uéa Eflﬁi? lrn éhe rru 10 an% cfé{lms t1t?s to lapQ[ngélmood Ith?i’c 'ﬂQ}Ier éralp%y L@% @ﬂy one

printhead that prints one materlal and the use of “group” is not to be taken to require multiple printheads

and/or multiple materials.

Whilst the layer groups may have multiple printheads, each layer group preferably prints only one layer at any
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and/or multiple materials. 25 Wilst the [ayer groups
may have nultiple printheads, each layer group
wee@heeard y prints only one [ayer at any 3 WIPCT/AU2004/000023
2004/ 062925 PCT/ AU2004/ 000023 one tine, which nay be
made of one material or nultiple naterials. The nunber
of printheads in each layer is wusually deternined,bg
one tihe whiinb@rbe ofdern bemiatetial of BRliiRle PAtqrigle e nymper; gf printheads in each layer is
preferred enbodi nents each naterial i rinted by, a .
usuaﬁblﬁfmf@!l@ by thereplenef meicEANADe BT g’ﬁ B’iefcéﬁ‘?‘ﬁo °ﬁ‘k’?f‘fé‘%e&§ %’F Gaterial is
~only to enable a single |ayer to have nulti .
prink LA PRI TP 2 S R e S p bl Bl g have malipe
bej ng, .pri.nted have a rel at| . [ ' i ;
Rl T it g ek ea i MU BEPR Mooty ompared
wardt BB s GRABDEL: o 1T 5o} (ar 16 THG I RbdrPhonidis dssinAs it o
at eac pr ni hea onl'y prints one material. Thus if
pnnth@a% ol PLifRBnk thatedHd q{ﬁﬁﬁf 168 sydtdnd 18 tdpite Mpalitihg Mdifient materials, at one
materials, at one printhead per material, this
prinhSAIpel :Serib, Bfs kdahife Hgantads philyser. Hovowethis fis, ottty prechidg pringreads that
to preclude printheads that print nultiple materials.
princi@iteMemstertBCause each printhead could print nore than
one material or nultiple printheads could print the
Hov:!'e(\)fer,sl%%ser@%%ﬁﬁtﬁéad cc;ul?.l%hﬁ DR Han BAS mAhiMEor InGltifle privthede cduldl print the
one’ratio between the nunmber of printheads and the
samld WHIRES, thef doblinbf 1R1aRbe ABAE Blohdthisa betvieer tBe mumber of frintheadd and the number
that all the layer groups are identical, and in sone
of dReRAkhAIBRAL It ib hot britical tesdllriatyer erdupt arliddnfient, entin fogyp gpbodiments it is
groups print different nunbers of materials or
destliblcftip differort v ot o iffsfent npypheesiof Bpterialsiof difffrpn cqinations of
appreciated that for production efficiency nore than
mm@m@-pylnthead in a layer group may print the 15 sane
material. Were the refill rate of the printheads for
Tt vl b BFrSRedARE BF pradustioh Sffisittop ham thamdre yritthved is a trecr stopieieay print the
i ncreases can only be achieved when all material s have
santeliuteRaAMWhdaetibefill of ofihé prinfresdifor diffsens petpriafsfis sgbptentially the same, speed
_ material requires a nuch longer refill tine rQvi si g
inc@hset saw ordy bermolrievedyytion lhaaterials haye the prse nRRReR?f P&Pth"é&soﬁ%weﬁﬁ y o
al | ow i ncreased '
il eni § PRGBS PG R P RS 5 e o my
di fferent, tenperatures and so in preferred 20
B HEEHsHt s gﬁprintheads of a layer group may be
mai ntained at different tenperatures. Even if only one
Winea tidfrent imajesaly pseptintef direp m@p@g@g bemingg aifferpnidprngiafupegand so m preferred
material conpared to nol ding. For ex | e it is
empestiradnly|the prigfhestseoA Yy BPETAY B PHERIPTAS i BPBEIEE. The
voi ds maybe of any conplexity that maybe digitally
Even if only one material is used there are advantages in printing material compared to molding. For example,

it is possible to create voids in the finished product. The voids may be of any complexity that may be digitally

described. Thus, any pattern of dots may be missing from the object created.

The number of separate products that may be printed simultaneously depends on the printhead width, the

product size across the substrate, the product size along the substrate and the longitudinal spacing between
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descri bed. Thus, any pattern of dots may be m ssing
fromthe object created. The nunber of separate
wWEe@die9gs t hat may be printed sinultaneously JdBEEAU0081000023
the printhead width, the 25 product size across the
substrate, the product size along the substrate and
the | ongi tudi nal spacing between 4 WO 2004/062925
prodR@GT/ AU2004/ 000023 products. The preferred systens are
capabl e of printing nost materials that are required
The B%Ferréﬂ?srté?ns e %a;ﬁi)l@ @ig)ﬁ'ﬁtln@ Bo§ SnatetdlihaR ard rediited b@tterealy) caoimstances
may be’incorporated into products. Exanples of such
wheidla IBEEE 60 @bhE e Sicorpaittidero peanisixadplestobruchdisretsohicgsinclude
whi ch can be manufactured in nore appropriate
semidBI@tdr adicBoching whinh s b masnfadtired in Bofe@pprepriale Fpigrials apchia froghpmaller
the current systens of the invention. For . di
featgesiies tharia the orregtsysicas of the ipventipe or smicapugior; dgvicegy ths dpvis gpeed s
on feature size and material s _used. VWil st preferr
cepiofsbeh e o814 R K GG s P e 8 produce

sem conductors, these are rel at.ivel s. Thus,
OB PRI Ph e BARTL o otnd s foye o RaP AR hd o
exanpl re. a.hi i | B6ofGisépatdiely Mafufactured
ror SRR e ¢ L B SR o B Bl o
inte%'gtgfcg:rcﬂ{ c@ﬂ) will 5&1?&%&!&! 8 offobed tdIRinBRRANEPIpbead lcRcuit Aechanically active
pposed to printing a |l ow speed circuit. Mechanically
obj e@@trﬂay Rsoldd iﬂ_é‘@ie@ GrhoPe ;_Hﬁﬁng&hrﬁlﬁt shifabttisie prodde thive ﬂlee.ngbpdimtritq'tgat create
cannot satisfactorily produce them |n enbodinents )
threb Bigdenstoh& @totuctst e @it preess nanatategieaiiss mio whirh svh pﬁqrcptwéfwces may
process may create the cavities into which such
be iiesgll et e devices may be inserted. The material (s)
printed by the printheads may be hot nelts. Typi cal
The\%ﬁe‘figl%i) bk RS prddRbts mhPbelBthdlh iyfieal viddaitics ara bigui 1Alogntipoise. The
that rmay be printed include various polynmers and . .
matd@istha® mey bepBited indldk GarBus polymérs atdmeslspowsal bllays. ftds thsippssible to print
15 wires, in both two and three dinensions in_ . _
wirls{ BOE tvi>. and e tisionsih podicts it meisrial eplidifiessp 3 @lid gjtepyyfreezing or by
by freezing or by other processing to formsolid .
otherpretssing tAdorm salid vouslst AraseddsBe dopripiing 25hdeies ng[ RS Pl curing of
ternms cured, curing or derivat] ve& are to be

derjyptévey a8 1§ @ﬂungstpqﬁldxp ﬁ%}%de awr?ﬁsa %tjéan cﬁxgi m or materials in one state to the

ransforns
material or materials in..o ; . APEs ®Fent curi
s SPEH PR BT s TSP A S h g Rt curin
; '.fferrcé_\&jt11 %&g&sals may require different curing
PR GUES “or curing conditions. 20 The preferred
printhead is a Mcro El ectro Mechanj stem (. 1
The yrpferresiorintheed @ Misio RispirorMesbanige Systen ME@@) &/rsyew%aadf(“%%@aa material is

chanber under the co ni rol Otb}e%lexrrrlgl}{.qp k‘e enc%ltisetﬁ%g forthe following patent

ojerded Bomhibamhesuder e cprol 48 Bl SI R pat

specifications that disclose numerous such MEMS type printheads or printhead components:

6,227,652 6,213,588 6,213,589 6,231,163 6,247,795 6,394,581
6,244,601 6,257,704 6,416,168 6,220,694 6,257,705 6,247,794
6,234,610 6,247,793 6,264,306 6,241,342 6,247,792 6,264,307
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speci fications that disclose nunmerous such MEMS type
pri ntheads or printhead conponents: 6,227, 652

WG2018609388 6, 213, 589 6, 231, 163 6, 247, 795 6, 394PGBAU2004/000023

6, 244, 691 6, 257, 704 6, 416, 168 6, 220, 694 6, 257, 705
6, 247,794 25 6, 234,610 6, 247,793 6, 264, 306 6, 241, 342
6, 247. 792 6, 264, 307 5 WD 2004/ 062925
6,2R@TY AU20DBAG00023 6,828, 2206883984, 61168988, 526,338,547
6, 283, 582 6, 239, 821 6, 338, 547 6, 247, 796 6, 557, 977
6,2%73@0, 6085560352, 843:6,6893, 65836,5812, 10729365227, 66312,107
"534, 609 6. 238, 040 6. 188, 415 6, 227, 654 6, 209, 989

6, 247, 791 6, 336, 710_6, 217, 153. 6,,446, 167,6,243, 11

6,228,6583, 58%%3:58° 247, g%ﬁ%"’é‘,}zao, éé@"‘ } 267, gf%% ’6%%273, gﬁ(ﬁg’%g
6, 309, 048 6, 420, 196 6, 443, 558 6, 439, 689 6, 378, 989

620090125, 468661634, 7651765523, 16416167 406, 1249163 505, 61881
6, 457, 809 6, 550, 895 6, 457, 812 6, 428,133 6, 390, 605

7'426,014 6, 364, 453 6, 457, 795 6, 595, 624 6, 417, 757

6. 623, 106 10 10/ 129,433 6 57 ' 65 10. 1 3
6A@@%§29,4§?“%$%39,6@%”¢%?425,gy%ég?ﬁ78,gﬁg§%?315,§§%§g
6,338 548 6, 540, 319 6, 328, 431 6, 328, 425 09/ 575, 127
6.465,1383, 83850,%64, 33848,890, 598.58K9575, 16457.39/ 575 6475133
6.322. 194 09/ 575, 177 6, 629, 745 09/ 608, 780 6, 428, 139

5, 549,09/,693, 09086693, 3B0,Rp428, k480, 53565, 5385,788
3 9 1 3 A 5 5
63@?@89,78@ T5°6 609,787 6, 439, 008 09/ 693, 735 6, 588, 885
6. 502 306 6,652, 071 10/302, 274 10/ 302, 0/ 303,
GA%QNSOS,SQS@Wﬁ?3O3,§é§L%@/303,§$5%910/362?%€% 6206
10/ 302, 577 10/ 302. 644 10/ 302. 618 10/ 302, 617 10/ 302, 297

10/MBRAO1 MEBO54MTBO3 6)FBHaG MIBOS 1295806 MIBOZ.44M B0S SNFBefS
MIB 10 MIB 11 MIB12 20 MIB13 MIB14

6,425,971 6,478,406 6,315,399 6,338,548 6,540,319 6,328,431
6,328,425 09/575,127 6,383,833 6,464,332 6,390,591 09/575,152
09/575,176 6,322,194 09/575,177 6,629,745 09/608,780 6,428,139
6,575,549 09/693,079 09/693,135 6,428,142 6,565,193 6,609,786

6,609,787 6,439,908 09/693,735 6,588,885 6,502,306 6,652,071
10/302,274 10/302,669 i0/303,352 10/303,348 10/303,433 10/303,312
10/302,668 10/302,577 10/302,644 10/302,618 10/302,617 10/302,297
MTB001 MTB02 MTB03 MTB04 MTB05 MTB06

MTB07 MTB08 MTB09 MTB10 MTB11 MTB12

MTB13 MTB14

Some applications have been temporarily identified by their docket number. These will be replaced by the

corresponding USSN when available.
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Some applications have been tenporarily identified by

their docket nunber. These will be replaced by the
weororeeendi ng USSN when avail able. 6 WO 2004/ PGRAR004/000023

PCT/ AU2004/ 000023 Such MEMS type printheads may

utilize different ejection nmechanisns for different

ej ectable materials while other MEMS print heads
SuchMEMS ppe difheassomty uts dlfbient Siteion Bedhapiens pm di<ah 4P B B Hperals whil

othe d p%htﬁeahpmgﬁmﬁie%ﬁfkﬁ:gt bREHRS shut@S &d zillloatliﬂa@ntﬁﬁaeﬁﬂub &e ejected under
t Is

to be understood, tha
oscl i PRSI 8 o PEERNLE T PPN SRS PRt e st oter e of
printhB3A 2§ bekged] such ktknas inkjegrintdads arlpjestelegrié prinfesdels or
pi ezoel ectric printheads. 5 The aforenentioned patents
The‘%fo?&ﬂe%ﬁed}faieﬁﬁ ReRRe HiHtaRBtemOfor fintify ihk) Gutiitrlll] beluprediated that the
be appreciated that the systens disclosed may be
y@mﬁh&h&dnhpmamMth@mhsmmﬁam$mMals In the preferred
enbodi nents the data for each layer is stored in
QG11AL At M iR mb LB &1 or a6 with the layer
In t?%aet 50 elgl%ogmteﬁ mgpaﬁfe P%f esr abl ymeac | ay eolrr gr oup
gro?d R4 Pﬁ&tﬁfla‘% f'ay&l qirﬁ'erﬁt%l atd 1@ dréhp @ko di@aShia bMEngb eestitR@receding layer.
aye ThuS i f an earlier layer group fails,
Thit ¥GE 858 YaGer @V Shilsdfutddf3Sre RN gratds par&jllrwﬂmhmmslmcyapgqjh pringjeg the
to printing the 10 respective preceding | ayer.
resfiR6t0/k preeddiny layaf t er such a change in which l[ayer(s) a
| ayer group or groups are printing, the system may
Prefiyt %gﬂ%% A d Hard AVELRTyck( @Y Hyer bt Foxf R ROinkiRY BE sySEDLIRY
hother so &S to restore the ayer groups to having
aut igallly ehfet 19% r 828 ffn dn@ﬂﬁ* grbipRo ffotesd hatg restany @ layagpapséchaving
to the actual |ayer being printed. In the preferred
datS AN (HBMag iR pebedibg ogtr chmsred iorignstiug tgeribeing tiatedr der  of
10 nicrons each | ayer of the products 15 is about 10

rre% em{) e%gg ch Dot thyBhéathns %Vtﬁé &8Br moh&ﬁ&&s kB Uyer of the products
Se arate SU% systens, each creati ng a separate

is sz&XE m.ﬁIonsc']ﬁQlaaﬁ@'ﬁl% t}}ptcﬁ@ﬁtemml&&e RbREIL000 Sepatte $ub-s@temkl bacll creating a
I gh may be created on a typical production |Iline
selﬁlfatetl;ﬂr@r Pk fd. BEDRetiuerRpltS abolia & highinny beeacited oxztymcal production
ejects a droplet that forns, when frozen, dried or
lin€ bRti@Chref@red ehtiotimesd. ement (Vbxel) that is approximtely
10 mcrons high. The printheads typically print up to
Ea%)g)o nea%%oz(%fpe Jells QMISHIQ A ¥kmS QvhBY d2dn, BHRd bfoured B vak@biElement (Voxel) that
I'ets 1 n each |ine across the substrate. In
is gpgl%m%t@lfymj fnﬁ:@i}n@lﬂ?@‘ﬂ]&d’ﬁﬂﬂ&&ds&ﬁﬂ:aﬂ@fﬁf 1 t@dbeut30 ea tneddtsnd so print up to
bei ng hexagonal in plan view with an effective height
ab8ft 361600 Wtop bl i Hali line Sorosd the substrhta\hethaprsfynsetdembmdnts 1he @@xels are treated as
| ayer groups, each of which is capable of printing
beB h&BEdnal dixddns/ietwrvath sveffesivg feight of about 10 microns.

If we have a system with 1000 layer groups, each of which is capable of printing 30,000 voxels transversely
and 60,000 voxels longitudinally, we have a volume of 1800,000,000,000 voxels. Within that volume we can
define as many or as few different products as we desire that will fit in that volume. Where multiple products
are defined within that volume, their design need not be the same. We could, for example, define 1000

products within the volume, each with its own different design. Products may be located transversely,
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and 60, 000 voxels longitudinally, we have a vol une of
1800, 000, 000, 000 voxels. Wthin that volunme we can
waledosne292s many or as few different products aRCT&U2004/000023
desire that will fit in that volunme. Were nmultiple
products 25 are defined within that volune, their
desi gn need not be the sane. W could, for exanpl e,
longitedisaligant O 8cally wiitne tasother pradugtsTias nyesiuetigay be geded grtqp of gagh other, not
own different design. Products may be | ocated
just sidebysideprrafl guend.7 WO 2004/ 062925 PCT/ AU2004/ 000023
| ongitudinally and vertically relative to other
ThelkRHIE dbodihBrikShafRs 2peitCHidth bEaoud 9 5arme atsebstratrspded pf abfut @chm and an
other, not just side by side or end on end. The )
abily ©hettret: Wobiegksneri o whiglvie alzupkOinr¢ronithitkhThy§ thepsefrred pyhodiments
mm a substrate speed of about 208 mm and an_  abi I_A't
are thie tp piimt proguyts thet HEFOChiplasss prsto akoyk homygnd wps of e pshh g g ﬂ‘.[%’ more than
m crons thick. Thus the preferred enbod] ts 5.ar :
29585 he happf thetheight RIS mpRR P Fabent SO0 e AL e@*‘%‘ Toer, i
~about 1 cm and one .of.the height and width no nore
dimension is lirdied byemEOERENMt t he hei ght and wi dth may be
up to about 600 nm As will be explained later, this
ProbuceSsvmms i S |imted by nmenory considerations. PRODUCT
SAMPLES Exanpl es of products that nmay be manufactured
Exéﬂﬁ)ieg 8 p%&t?&sdthé'trﬁﬁkt 12 nfhufiched uBiERibb ety vE the heenticrbihdiude small electronic
electronic 10 devices, such as personal digital
dev@ss bih &k SonalGiaditalubsBias, Saltuhitautioughao reletiatyilargl opjeta syl as flat panel
objects, such as flat panel display units. The
disfliyaisc Theirddyctiofy dia produimtlinoi eteinplficd 8y b BHeYR FEepley
the follow ng exanpl es. Personal Digital Assistant An

Pegﬁgpﬁi faRtRdi4et that may be produced by a system of
the plgesent I nvention is a personal digital assistant

(PDA) such as those e by Pa Inc . of M]I.pj .

Antggmp}e qud%fhetg}ay %?Ao%geg %aia ﬁ%tﬁlg Io%tgg Spreos]@nt Hgm%g) !)1( Igeg%nal g tal assistant
x 10, mm ( H, % Diyibiil o9 X | PDAG% SdiSentBns of 115 mm x 80

@I?Tﬂmé?c&ﬁ%m?ffﬁ’%ggﬁg% Cr?}%lléﬁiaég% eng? %}%(E)L B mer ons, a o oon

t Ol Al { | abd nh1QBx¥sQ¥ SliSord high £:AWsth § 8€: 16d@th of 6 microns, a
m%’é#f%%’égﬁﬁq%i% uéltgl.ak'll'l%i S requires gkpl)pr oxi mately 98
totsHY db65 09 biltioflAfk8ls ard feqifed RYUSAHBach PRtuce TEiRtequiied dpprogifibtely 98 Gbytes of

materials are used in the product. At a substrate
da@ ABRShsine 2R ihTHiReht el are asetl jnpheqpaddugsr oduct i on |ine

can produce approximtely 4.32 products per second,

373151 prod i duTidnhihOfn Plo@disphxiRBikly 4.32 products
Atﬂé‘érstfa%easgeseg?nﬁﬁggglfnﬁg&g%g%/ae Fu g cont | nuoglgl y. %20 v Ao PR

Ldn | Srodust £136WMBn frhBicts pbr K& bissinidad sy§ten runs continuously.
peg{é%:ohag?%gu%?él, S%g@g’yst em halg ttcwe potential to

wRHPSE ﬁ%%e.ht@tl thad the current market for such products, the system has the potential to substantially

reduce the cost of these products and so increase the market.

Whilst the system may print polymer transistors and displays, these have lower performance than silicon based
transistors and displays. However, as discussed elsewhere, the system is designed to allow incorporation of

made up components into partially printed objects in the production line.
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reduce the cost of these products and so increase the
mar ket. Whil st the system may print polyner
W e@asededrs and di spl ays, these have | ower pePEDAINNE/000023
than silicon based transistors and displays. However,
as di scussed el sewhere, the systemis designed to
al l ow i ncorporation of nmade up conponents into
Flag@antliTV |y printed objects in the production |ine. 8 WO
2004/ 062925 PCT/ AU2004/ 000023 Fl at Panel TV A fl at
A %&%‘1 TV ¥ BB oM s ARl 64 1Best ShicgaI@san bé rinkekin the typical system.
rgest object that can be printed in the typica
Of &¥RE 8 Eﬁm whdker ShRUkE, S¥idef RinpeddR fnayie dlized Bjréaee objwitt@pre memory is
printheads may be utilized. For |onger objects, nore
reqilRBBXdYori thicker dBjgtts thethxelheiglt onybt brsised or giojedayers PriRd by prewling more
hei ght maybe increased or nore | ayers printed by .
lay@ govisoWhityt theopriathBads bayethe ehiliip ary (ap fpRiet sigqiehly; syaedly i larger voxel
have the ability to var the,droglet size slightly,. . 2 higher
sizayeaprarpqirpdy differens printhepds P’V°\‘)%k“e‘l"q““§4' ? °°\‘Nié"r‘é°f?aée&df”%°g%z,“ selism
di fferent_ printhea woul.d be required. .
rof e PO oOT YL S PP R B i i i maf B2 o ercay
of the finished product. However, depending on the
acoB¥®®uct, this may be commercially acceptable. A

typical 53 cmflat panel TV has_dinension of 450 ﬁn1§§ 1
A 990! ThemflaqrgnakY has dimepyion offS0 musT 79 o Hgum 8F * WrgP), e "grasona

10 microns high and with a side |e of n.crons, .
ol AR REGHE VISTS AR POl ST o tela%. tllg Pliarclequired o

defi ne each .product. Thi LI | OBV ei ron
A A R e

erent
terials. ar d in the product.’ At a substrate

nm§5%%%e%¥£ﬁg§8ﬁﬁ%ger second a typical production Iine

can produce approxi mtely 0. 37 prog%cts er secoqq 0.37 products
At p S giyaie sPpedofG0%yBm per3qegusty HGLRIRALIOP e CERRIOYEe T TY on' P

products_ per r, assum t ste n .
etsesand Cg] %/“.GX%Q" pETst 8% ir&%y“rtfﬁ%’t%“ i “e"[sééﬁgffaﬁ’eg“%‘_\}‘g the systom nuos

over 1 terabyte of data is nuch greater than required
copffuorsly-y i cal flat panel TV and the amount of

functionality that can be built-in could be very cal 1
The pamplexityTthas mey berdefing&byoverd iprehyts of dtads mugh pradiyr dap frgpired By A fypical tlat

need to be incorporated into the rf-printe roducte oot
P B POFEHMREPTRAD 1 B AV B OO DIt AV o disr
o Sasa TR0, (S TR0 NENLS 28k AERORAARO! Y has many 20

From the foregoing it is apparent that the invention thus has many embodiments and accordingly has many

broad forms.

In a first broad form the invention provides a three dimensional object creation system that prints objects layer

by layer, the system printing at least part of each of multiple layers simultaneously.

In a second broad form the invention provides a three dimensional object creation system that prints objects

layer by layer, the system printing at least part of each of multiple layers simultaneously,
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In a first broad formthe invention provides a three
di nensi onal object creation systemthat prints objects
wO 2008106290y | ayer, the system printing at | eastPQEAU20#/000023
each of multiple layers simultaneously. In a second
broad formthe invention provides a three di nensi onal
obj ect creation systemthat prints objects |ayer bﬁ/ .
| aysdereintehch laystsié dsinadiby mplimakiy el vokelspgrangpchine regplar@g@png frherein the
mul tiple layers sinultaneously, 9 WO 2004/ 062925 f adiacent
PCTYorlpteash o@en Brintere peip Ao Aethy PallAaioxql wlagierts fie yxgy ofgdiacen
plurality_of voxels arranged in .a regylar arra
whelrersin g dirgrgoun p seogpd d’éecfg‘ﬂl ReRsRd }culﬁrrtg Hlf’)r PHTSE 1589%% the first and
be offset by half a voxel relative to the voxels of
adj Sﬁ%"@ﬁ 1recﬁ“’%/ers inafirst direction, a second
direction perpendicular to the first direct ion or .
Tn altic! forochfornf fhe Ewentigncprovislesrobige dmensienal RSt creptinysient gt pripts objects
broad formthe_ invention provi ?e{stl a thr ee. dit Qsi 0 galchof
layey by lexer, the pysigmiiesipdiag s plaphity ﬁfg’fmtb?a TP8 SYSB BTREE 44T & Y
| ayer, the systemincluding a plurality of printheads,
mulfiplpleyessEISesHt i ng at | east part of each of multiple
| ayers sinultaneously, wherein the printheads are
c onfrhegins @eiprintheasin arb banfipwddria ¢uple Ryinting of pidepstitwq djferent materials in at least
different materials in at least one layer. 10 In a
f ouptehayey oad formthe invention provides a three
di mensi onal object creation systemthat prints objects
In d BB broRY foln@ME aventidiGre1i8d ififed didnsichiahebjct qidationalstdmythay prints objects
printheads, the systemprinting at |east part of each
lay&by laed | thel spstetn ihaydéng 8 piatitylof mindends lthy systghepripting atl¢gat part of each of
printheads are configured such that at |east one of
multible layaysdmgdtareayslybe printed with a first set of
materials and at | east one other of the |layers may be
Pr i Gh&dn W bihiRads 86 0z Saf susdfthat®le@st iofd of the apiels maybe printed with a first
wherein the first and second sets are not the sane.
Pr ef& bakdidtialaidat kiede & of thyleyess nauy e prinked tvitlla second set of materials, and
si mul taneously and nore preferably about 1000 | ayers
arevgrrieixq %%wta%h?‘é%&d@&?a? It%e saBE.ef erably pluralities of
obj ect's are sinultaneously printed. Wen conpl et ed,
t he objects may have substantially identi %al de1 [ ONS. inted
Prefgeblyrmestethand P lagsascare noipted Haulfangosiyeand mare Prgfepebly Abqut §§‘?‘aye“ are prite
~partially printed sinmultaneously is for at |east one
simgftFneQ¥slEnt  obj ect .

Preferably pluralities of objects are simultaneously printed.

When completed, the objects may have substantially identical designs.

Preferably each of the layers that are at least partially printed simultaneously is for at least one different object.
Each printhead may print part or all of a predetermined layer.

Multiple layers of the same material may be printed

Multiple materials may be incorporated in each layer.

10
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Each printhead may print part or all of a

predeterm ned |layer. Miultiple [ayers of the sane
WOoreaoe062ks may be printed Miltiple material s nBgT/BE2004/000023

i ncorporated in each layer. 10 WD 2004/ 062925

PCT/ AU2004/ 000023 Preferably the printheads are

i nkj et printheads and nore preferably the printheads .
Prefarmlgly fhb préntheads kie énlietnrintheaeand sore pisfeebly Shepripiatsaraigd iy et printheads

print the wwdth of the objects. Droplets of materi al
ablegip simeltsgeopsdprinicthesritth pifhe QPiFcty hexagonal cl ose- pack

configuration or a face centered cubic configuration.

£t ok ' bRV &RL-bRR cRRQVYAHIES adack Bneed cubic

Drogllﬂ tr%é]fnn%tegglg}ﬁg(glﬁ%?? plﬁ:%lg%%ﬁaggyst embt hat %t:i nts objects
confi@¥@bn. Py layer, the systemincluding a plurality of

printheads, the systemprinting at |east part of each

of multiple Ilayers si rrultaneously,,the system ) oots |
In adidih biogLforseiths igvesiparogidesta tiresdispensional gojeptreatpp ssiepdbatprinfs gpiccts layer
is initially configured t rint at | east art .of ,
by pyer 40 sToispeRaBE BRI Shpr Ry F BB P i Bt i Bt
| east ar} of a second |ayer. 10 Preferably the at
layqresirafltavsis’st i r st printhead is dynamical |y reconfigured
if at |east one of the at |east one printhead )
i Ni thie syste codiirpdgo prable pideagsohefirst prieheadies irdnifially aqnfigygsd tg print at least
Preferably if a printhead initiall c?nfi%red t%l
pri mrt ofR rsslavenige fagraipally sepqndediyd tp Rrint of lqast pird a pygand laver.
second |l ayer, the at |east one first printhead is
PrefebBMHeiagldsefle fidt peitthigall Btdgnatnivallyredonighmnd)if efleagttond eghstat leagyane
of said second layer. In a sixth broad formthe
priffitedintiblyrvofizovd id esnt the sdgprdddayei fpisnsi onal obj ect creati on
systemthat prints objects 15 layer by layer, the
ProbYably§fl ﬂri%éalff ehiRy Rnidubéh &) prihitheQbcofd layef ARAGSEst priftRg fy sdc@mlayer, the
printing at [east part of each of nultiple |ayers

at 18450t EBIpEONGH Y recbdTigursd/ts b &iipleahd frigtig@€lat least pavadfkad gtond layer.
| east one first printhead that is initially configured

to print at | east a idehdicill obifd Sbatb@sy@Em that prints object
e

S5 i aﬁlﬁjn Elii6 1 oBprinfhedl, @RS fRiRthgaf 1bd3¢ Ja 3fkach of
layf’rﬁnny?ﬁygl %@%ﬁnl gure tolslgr?nt “the second |ayer fails
mumiella?grsg{n{ﬂ%éoggy,sai d 20 second | ayer, said at |east

one first printhead is dynam cally reconfigured to

|C g%eestygerg c%r?ﬁgerre(ii trg)teila%% a?lfeast o%g ﬁ1!ste p%%tﬁleaa ﬁlra{ is ﬁftialﬁiac%ﬂigﬁﬁggl})gnt at least

part of a first layer to be dynamically reconfigured to print at least part of a second layer, and

wherein if at least one printhead initially configured to print the second layer fails whilst printing said
second layer, said at least one first printhead is dynamically reconfigured to complete the printing of

at least part of said second layer.
Preferably the reconfiguration is made with no loss of printed product.

Preferably the system includes a fault detection system that automatically detects faults in said system and

reconfigures said at least one first printhead in the event of a failure.

11
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Preferably the reconfiguration is made with no | oss of
printed product. Preferably the systemincludes a
w0 aexdes ecti on system that automatically detBCT/8U2004/000023
faults in said systemand reconfigures said at | east
one first printhead in the event of a failure. 11 WO
2004/ 062925 PCT/ AU2004/ 000023 In a seventh broad faorm .
In atsdventh brvseriningire ipypision prevdes a thipe dimepionel 9Bipes AIEHHoR 1 tgAR fhat prints objects
creation systemthat prints objects Iqﬁgr %ﬁ}ka eF: sach of
layet brclaysyy e eyt fnsludiag frjuralitpefppiafheads, theydystyp PPFRE F8° PR
systemprinting at |east part of each of nultiple
mulfigl¢ layess saquliapeeusheousl y, the system i ncl udi ng
sem conductor nmenory and 5 wherein data defining at
| eagt sysar® inklagisy semsorgtatar @dmemmaidhe seni conduct or nmenory.
Preferably the data defining all of the layers is
stored. i it Dﬁ]n@ . Istof¥8 PthdsemiCsn@icR @bhdty.each
priﬁ? %% taidnc uggggggg%gggf some of the senic%%ductor
menory and nore preferapbl g‘ c{h%ﬁ sem ﬁlc1otnd&§:ngoor menory
Prefsfables ghe Hatpdelipipgdlod the (ax5rHs SRt 4 M ST HEPHG 1 07 atl” | east t he
part of the layer printed by the printhead. 10
PrefREa6l €4cA plinghetidinchaienit Bawnshe bthe semivondyctay fnewery Padproreirdiaghly the
stores data relating to at |east part of at |east .
sentkroadubler memogyyod paclaprihtheaskstores fast relatis] 1 at lents the Bt of B s pigpted by the
nmenory of each printhead stores data relating to at
prijteast part of the previous |ayer conpared to the
| ayer currently being printed by the respective
PreR¥dbi}iRQ@slcondi@r Stsdrernemth pritived wates dam rebititgta st lcbg p@bsfiidenst another
of sem conductor nmenory. In a eighth broad formthe
layérRndEndre pefepilpihe shessomtugyratepnytofieech miatipadisierss gatgfrlaing &t least part of
the systemincluding a plurality 15 of subsyste
the@eeginusddyenshingared iethe loyepeurgntly beipgrrigted by ke fﬁﬁps%%%’?’ &ch of
t he subsystens configured to performone of a first
ThSYRSE trayBhicldi mei tHah €0 SyRE 6Semivddehicerr Meh@y. great er t han
1, and to change the stage of the subset being
erfaqr on receipt o ISt [Folph ; ing a plurali
1o G R e e B SHE e G e Soareop i i Bt mling plrtty
of buBlliSins, Bbn dGARA p@Bfns AhtalVEmE gBI Ng SU bsystenms 20
syﬁbﬁr R

onousl'y changes to perform ng the respective
Cr anather S U KRR OFeLpRRTE LN be e N
sai dgre%%er tlhaen%?;.nd ?onc%anrgee E‘xg istar,]gie Q Ssi s%%%ljhg %ﬁmﬂﬁ] gn receipt of a change
instruction;
wherein, in the event that one of the subsystems fails, at least one of the remaining subsystems
synchronously changes to performing the respective stage of the failed subsystem without requiring

transfer of data relating the respective stage to the said at least one remaining subsystems, and

when a subsystem changes to performing a different stage, the system reconfigures the subsystem to
be capable of performing a second subset N, of the stages where N, and N, have the same number of

stages.

12
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when a subsystem changes to performng a different
stage, the systemreconfigures the subsystemto be
we apabb®2df perfornm ng a second subset N2 of tPET/AU29¢800023
where NI and N2 have the sanme nunber of stages. 12 WO
2004/ 062925 PCT/ AU2004/ 000023 The system nay be a
pi pelined systemin which each stage is dependent on
Thelspsemsanay besmifelihedortepl e whidrragistagy if depﬁﬂd%“\‘} Pt Suessiil gompletion of all
Preferably another subsystemis instructed to perform
previdyesiagesage previ ously carried out by the first
subsystem The reconfiguration nmay occur by way of
PrefeRR) 26RERMsystin ifingABEDN geformthe stiga proviedstyrepnsied cfuolvyrthe firgy jubsystem.
may of data 5 transfer. Preferably each stage is
ed by a_ dat: 2o A SEHe Jors, by way of data
oot i naf o] “EhERCT, SUPSKTA R SLGATr pL vy
tra® psysten1accesses t he correspondlng data set. To
change t he stage being perforned t he subsystem

nerely changes the S in CCess
Pre{grablii eaé g %%M%‘h‘%ﬁd&@n‘f eﬁgx subs sgem S q6es a Hﬁgalﬂgr ? c?afta%‘gtg1 W’ﬁén

fhe data ! eyl tﬂaéﬂéﬂl formed,
bt b el o34 B U e
the s{l))t t@m m%x%%h&nges%%%ta &M%&c@s@édshm_{/ WhenlaRutRys@hmQhdngd the stage

Q? en-a subsystemfails, all subsequent

Lt?gl*f}gﬁé{‘ﬁgdefﬁg adtdset BBHARIOBESBe ﬁx@\&(ﬁl@l@ bénlig@eﬁ‘dirﬂlgcﬁs bepladeq by data relating to a

perforned and, when reconfiguration involves a
stadelnBAEE8Y in@fat ﬂastyaem phefey.ably this occurs as a

plpellned data transfer. In a ninth broad formthe

Lison REOV | it SY &b rhmth'a' 1324 Rag€@S ftage being
Inqr Q yste?J?1 asgb Séeliﬁle?% 4itls #ﬂ{galu ;é:EEk ns i hgllaod A o
per?o%éd\é.gcl %hémécgwﬁﬂ #b1vés aftlafs®t ofldRpRITRIbI this 893fhs & a pipelined data
second printhead is actively nmaintained at a second

waks@pperature. Preferably the systemis a three

di mensi onal obj ect creation systemthat prints objects

| ayer by | a t he stem.i j Rl biidiead®f wh first
Inb?%%%ﬂ%§. .%mmnngﬁ¥§ngiFﬁ%EMQkngg% Sartbof gaeﬁewma >

d L ARGAHSknd FéhiRiEE RN Maididd@d at a

pn?tgeagri% e #gﬁh@%@ a‘?%ﬁrgtg%gur ed to e grglt a netal and

Sm%ﬁﬁm&kﬁﬁﬁetenperature is above the nelting point of
t et al

Preferably the system is a three dimensional object creation system that prints objects layer by layer, the
system including a plurality of printheads, the system printing at least part of each of multiple layers

simultaneously.

Preferably the first printheads is configured to eject a metal and the first temperature is above the melting

point of the metal.

In a tenth broad form the invention provides a printing system including a least two printheads, a first one of
the printheads printing a first material and a second one of the printheads printing a second material, the first

material being cured by a first method and the second material being cured by a second method and wherein

13
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In a tenth broad formthe invention provides a
printing systemincluding a | east two printheads, a
wo peogpere of the printheads printing a firstPCEABRI08/000023
and a second one of the printheads printing a second
material, the first material being cured by a first
nmet hod and the second material being cured by a second
the fisttahdwicaad chethvie pre different-3 WO 2004/ 062925
PCT/ AU2004/ 000023 the first and second nethods are
ThePed FR &8¢ mefldgs ddyifud2an Rash 616 @R tlod RlchiatiBonitryoud tiehdinke eaporative
| east one nethod selected froma group including:
dryiB) #PNA bf Mferialteyted glien fnbie@ziltragyiaddt curing; @dditain ofq wotezgenivhen
nolten; ultra violet curing; addition of a curing
nt. Jhe finsi..a | 54136} equentially with the
R e s L L e

eRtial ly with the 5 respective naterial. The
resP%lag’gt Qtanad second nethods may include printing of a

curing agent sel ect from roup i.ncl Lng: a__ . ino: a
Thecfgt 4P qogd methods IW‘é‘Pﬁg%ﬁrlnBﬁ‘% ¢ e %%)88?‘;3‘5%‘_’%% 8%‘%% RN Vi

reacts with the respect | ' - m may be
cataéys{; ﬁpé@eal?art}glhlgﬁ%%%ra?g ounx @atr}agtgmtﬂhe 1S Q& ec‘ﬁ{e%rﬁfn y

object creation systemthat prints

objects |ayer by layer, the system printing1at Ieaﬁﬁ

Theastém oy te adieedimensidngliopipes creasipmfvaters foa pripts PRI avSr by Jappry thp system
a el eventh broad formthe i nhvention provides a

prining pitldertgarsqfeach Al mubledrs §u¥ento8d%t one printhead for
printing material to create a printed product, and an

In DINvEEE brbddGRMAIR A EdtoNprokades ¢ prittifgpdysténmindndiaer at es
i norgani ¢ sem conductors into the product being
printied, wh Anﬁl%adtf&gﬁa&g A% ARG BpkMRAGLAR NS the
pro&u&%.n%ﬁe I'nordani ¢ sem conductor may be an
integrated circuit. 15 The inorganic sem conduetor . ...
may ae ehifst inesEnoration deyies hat ippREDOrAS MG ERATC SRR T RS P oy "8
conprise a Group |1l - V senmiconductor. The inorganic
semmﬁﬁﬂN%W@FQﬁ%?%%ﬂﬁngéﬁm%&% @%Féte device. The
i norgani ¢ sem conductor nmay be selected froma group

Thé R6lgath seficortiuceon siksheen intepriaighticceityi t t i ng di ode; | aser
di ode; diode or silicon controlled rectifiers (SCR).

The Borb A6 SHRSABITRYy Repded Mg di mensi onal object
creation systemand may be a three di nensional object
creation ‘systen1that.£rints gﬁ%ects(hager by | ayer,

The pereayjseRIFIIFSR Prh YT p S5gp I y

o each of multiple
| ayers

The inorganic semiconductor may comprises a discrete device.

The inorganic semiconductor may be selected from a group including: transistor; light-emitting diode; laser

diode; diode or silicon controlled rectifiers (SCR).

The system may be a three dimensional object creation system and may be a three dimensional object creation
system that prints objects layer by layer, the system printing at least part of each of multiple layers

simultaneously.

In a twelfth broad form the invention provides a system that prints three dimensional products, the system
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simultaneously. In a twelfth broad formthe invention
provides a systemthat prints three di nensional
w@e@doesy the system 14 WO 2004/ 062925 PCT/AU2004/000023
PCT/ AU2004/ 000023 including at | east one object
i ncor poration device that incorporates non-printed
objects into partially conpleted product, the
inclyddp- pri nt ed obj ects not being printed by the system
The system may include at | east one printhead for
pri ameilsp&e %Ec‘? [n.bci‘]Lor%Iti@n SR Rahe iRoPbratdd el pift@duiedts iata gartially completed
operate so 5 that non-printed objects are
| NCRERAT B Rl plifidddbpas fidt Bidgpriediyltetseebnpr oduct  whi | st
the at | east one printhead prints the product.

Preferably. the non-prin | E6LS1R SeatedGREDOFrEduAnd operate so
Theismei‘i‘ nﬁéwll}ﬁcg’lafk?asc%lﬁﬁﬁ%[eﬂjtwg%sg}?r% ug% Wt ho?Ja.t g)t otgﬁrnél the.
that Ronled Shi U QG GRS QIE&@LQBQQLIW cbiifet PRt kvbilsCle 2 IRa@ GifeSrinthead
are | ncoﬂpor at edrpl nto the partially conpl eted product
prinfltheProdhedet erm ned 10 position and/or a predeterm ned
oriréntation on or in the product. The system may print

el ectrical connectors to electri.cal ;
Pl i PGB 6 PO PR BV L oo R wlda sopping e
. The systemmay print at |east part of each of multiple
P Z9%€¥si mul t aneousl y. More preferably the system
si nul taneously prints objects |layer by layer. 15 1In.a .
Prefetably the eqptiisiniod SucstspEsinePPPraeq o dsPPHHY ﬁ%/”&R}?‘%‘@?d&"]f & popedpiermined
that prints three di nensi on%!g 1proglucts, the system
positipgandyar aRedsEsf SR P WCB P B EPI°0Y devi ce that inserts
non-printed objects into a cavity created during the
ThelMsdtdit haygripeb s e onteters thyjlestrically nennechbe ReniPEpetRFCE o other parts of the
i ncorporating the non-printed object into the cavity
prodlyt.i ng the printing of the respective printed object.
20 Each cavity may be created with substantially the
ThexSét&m BEipahtat Bt fah S AEH LI RTuitiPle EflerOdijneateotsly. Mere iprefeebly dig system
into the respective cavity. Each cavity may be sized

sim8@intday pranfstoBjectd Im@ebitliyen of the object, the top of the
non-printed object is substantially

In a thirteenth broad form the invention provides a system that prints three dimensional products, the system

including

an object incorporation device that inserts non-printed objects into a cavity created during the
printing process, the object incorporation device incorporating the non-printed object into the cavity

during the printing of the respective printed object.

Each cavity may be created with substantially the same height as the non-printed object to be inserted into the

respective cavity.

Each cavity may be sized so that after insertion of the object, the top of the non-printed object is substantially

flush with the surrounding material of the partially completed product.

Each cavity may be shaped to maintain at least one of the position and orientation of the non-printed object
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flush with the surrounding material of the partially
conpl eted product. Each cavity naybe shaped to
woreooanedons at | east one of the position and oriRCI/AUR®M000023
of the non-printed object 15 WO 2004/062925
PCT/ AU2004/ 000023 and preferably both. The shape of
each cavity may substantially match the shape of the
and pefaraliy both.ed obj ect. The system may print at |east part
of each of multiple |ayers sinultaneously. Mre
The Qﬁagg &2 L:M‘l@ Bgy sS¥@bi 0y mStH T shape eObksloy-piittddbictob] ect s
by layer. 5 1n a fourteenth broad formthe
e irarey BB ISR SR e o ALy S B S R ity e oo

. nt head. t hat nts electrlcal connections to at
“mﬁgﬁgfkgﬁgsg jgg ﬁbﬁ g%porated in the products

Preferably the at | east one object does not WS Qe syst
In agodgeemthiread forrpthpingemtion ReRyidaea By B3 PHRES i aﬁ% ucts, the system

preferably prints the electrical connectlons The
incldiggct rj cal connections are preferably printed with

mol ten nmetal. The systemmay print at |east part of

eack 16aét o frinihg@k ehal eiyie electivhiminedinrscel atflgpst opgabiect incorporated in the

preferably the system sinultaneously prints products

| aypmoddos. | ayer. It wll be appreciated that the

features of the various broad forns of the invention

Pre%%ly%qhba@t%qe&b%&‘dots%tlhdmdea&b@me conbi nati on and are
not limted to any one specrfrc broad form BRIEF

DESCRI PT| ON Sehematic
A dqpep dipreg ’8%Mﬁ”ﬁ$%ﬁﬂh?“a ]?mﬁgwé%%%%gQﬁ%ctopa first
enbodi nent of the invention. Figure 2 shows a

Theddueing tingectiond ere pietswbly pringedpyi @ngienistel-| i ne according to
a second enbodi nent of the invention. Figure 3 shows

Qénbﬁg fﬁﬁ@ﬁ&t Pakt oBdabliEof YouRiple Qferd diBulipficoablyCHbe preferahly thofystem
I"gure 20 Figure 4 shows a schematic side view of

sirfuld@edRbLPsHuGtpkdatctd lhyeebyageor ding to a third enbodi ment of
the invention. Figure 5 shows a schematic side view

It \’8F bet awgreclagc%/’cli&a{ &8 fe!i f i 929{0% tﬁlc%d FPmSorki 'ﬂfvgﬁoﬁﬂmgﬂnm&ogether in

i-on. gure ows a schematic side
éo%@fnﬂton &hd eggHﬁ:rLt{acptG akyl AEspbdic| vl Rgman obj ect

I nsertion devi ce.
BRIEF DESCRIPTION OF DRAWINGS
Figure 1 shows a schematic side view of a production line according to a first embodiment of the invention.
Figure 2 shows a schematic side view of a production line according to a second embodiment of the invention.
Figure 3 shows another schematic side view of the production line of figure 2.
Figure 4 shows a schematic side view of the production line according to a third embodiment of the invention.

Figure 5 shows a schematic side view of a production line according to a fourth embodiment of the invention.

Figure 6 shows a schematic side view of a production line including an object insertion device.
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16 WO 2004/ 062925 PCT/ AU2004/ 000023 Figure 7 is a
pl an vi ew showi ng a nunber of voxels of the preferred
wepdvameayent s. Figure 8 shows a side view of thBCT/AU2004/000023
arrangenent of |ayers of voxels produced by preferred
enbodi nents. Figures 9a, b and c show plan views of
an odd | ayer of voxels, an even | ayer of voxels and an
Figueditlis aplah esveshowihgammbefof \oasedfshe prfamederbadinents s g
di agram showi ng how each | ayer group stores data
F1gu.rréa§ s%&!vsrﬁld‘e Qiemd]? thd Qlla_ﬁ‘geln&it' 6ff18ye0 bf %ﬂélﬁfrd)cﬁ&ed !bflpratﬂ'rediemb(td_in&hts.
printing configuration. Figure 11 is a di agram show ng
~the situation when fi.rst failure of I
Figpge, e o peL o g o B o it B Pia Bl UG BB aod ven
) quic | arrangenent of |ayer groups after a first
YFA P of a | ayer group when the |ayer groups have
been remapped. 10 Figure 13 shows the‘tran?f r of gagal.
Figaé 105 2 diegraappwige kot ceyaPT Zup sfpss dateirejiiing o1 qu lagers of material in an
~diagram show ng the situation when a second | ayer
initighraiginerefiewatiopi gure 14 is a di agram show ng renappi ng
of layer groups after the second failure but before
Figib 11 datiagrivashob@gthe situtian sharafied il ofprhayeregoup basjpsigicagram
showi ng the situation when a third failure occurs
Fi D ee%) 5 gdﬁa%&n data fhE ﬁ)@i@eﬁ Sranbdaleftlol Rfhr bOugs Bfer At HiREQASlayer group
ff2iTure has co eted. Figure 17 is a diagram show ng
DerdroShabORen bBappéacommodat e the second and third
Wh‘%naillures.l19 Fi gure 1§@§%oms the next stage in the fault

recover roces TAI LED CRI PT| ON OF PREFERRED

Fighri %ﬁﬁ?%@%grm@w%%%ﬁ\r@@ "20 Figure 1
schematically shows a sinplified production Iine 100

Figha 4 ing divgrary stowing the sitvetiopiwlierts spropdieysegio® 2. The
printheads 102 print nmaterials onto a noving substrate

Figh44 is b RBrath ShoRfu feaagitlolot ATRY 8Gupd bfied th koG Efillo Bbtlbyfore all data has been
constant speed In a flat plane, as indicated by arrow

trankRBed. The printheads 102 extend across the width of the
substrate 104 perpendicular to the direction of travel

Fig%f? 1% gea dﬁgrg%tsﬁo%% th% Q&a@’n%vhelpa{ tﬁ]ﬁ(ﬁfﬁ@m &curssogﬁfe% b eRtfet lgﬁting to the

second failure has completed.

Figure 17 is a diagram showing the next actions to accommodate the second and third failures.
Figure 18 shows the next stage in the fault recovery process.

DETAILED DESCRIPTION OF PREFERRED AND OTHER EMBODIMENTS

Basic CONCEPT

Figure 1 schematically shows a simplified production line 100 having many substrate width printheads 102.
The printheads 102 print materials onto a moving substrate 104, that is preferably moved at a substantially
constant speed in a flat plane, as indicated by arrow 106. The printheads 102 extend across the width of the

substrate 104 perpendicular to the direction of travel of the substrate and are, preferably, spaced along the
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WO 2004/ 062925 PCT/ AU2004/ 000023 substrate 104 with
substantially constant separations. However, as w ||
wheoognao2s ned | ater, constant separation of tPEI/AU2004/000023
printheads is not critical. The printheads 102 print
one |l ayer of an object onto the previously printed
| ayer. Thus the printhead 112 prints the first |ayer )
substra© 1 04tvii substeninldy corstantspratations G visyera¢ willke splaipdilatery graptant separation
114 onto the first layer 110 and the 5 N h printhead
of i pentpradsrig ot &MY | ayer 118 onto the (n-1)t' |ayer 1109.
For clarity only one printhead is shown for each
ThelpAiBiads103 prinhor e tof Sbiettente thaipteliolsty prutbd layst. &hus the printhead 112
printheads for each |ayer. The layers are of a
prin@@RSishhayer il 10, hksemd pntetad 108 prints Fretrod Wxer Ab4eontodhetfire jayes 410 and the
so that, in plgn view, l|ayers are grinted on top of . hown f
N printHoadotl Fiemints aFNE lepi¢rd { Seneacths (roin st H O dior 45 99, o pregrgt is showm for
to the surface upon which the Priqﬁ is al so
caclpleyef Bitt ipragticephereguilhhe nubiple prighest 3P Peads. Thus the
di stance 122 fromthe first printhead 112 to the '
TheSa4es bie af £ooidibat thisknps exfdatiesinihicati$rae @amaledss that, freplagi viswalpyses are printed
124 fromthe seventh printhead 126 to the sixth |ayer
on bR & eachlother. may be achi eved by sequentially raising the
printhead(s) for each | ayer by the voxel height. In
Th%&ﬂ?ﬁcesﬂotn%hl oPile préfitRf Btife BifRE 1R whith {Béyi phibihieAd refadbly the same for
IfTferent |ayers at exactly the sane tine will arrive
all fHntHed¥8 iThusdRSdistaR@t1 R DGR @ fifstpeinthad 12 tb e subM@le[DSH is pfegbly the same as
product nmaybe produced with voids and/or cavities. )
the Tis@soe 124t ottsthensementh erinited 126 exkhd sivih layse 528} Bris ety be espigyed by peguentially
created objects that are inserted into the cavities .
raisihgrtiepgnthrad(@ferietch fryerbh e pergh heieliin i situgtian, dﬂaelefb?laﬂﬁdgéamtheads for
as fluid passageways or for other purposes qnd remain
differspfiaysrs atgFacihy thespragtitesy wifl Aging 3t £gir ﬂ%?’éﬁ‘?“é?t SR RE
finished product. Cavities that have substantially
voyertical walls and a roof can only have the roof
printed where there exists solid material in the
cavity. | esvitlel) Eilis APV WBUSH Yor lddRion of separately
Agﬁﬂwgc y%%%%ﬁ ggﬂ% ékgg%?&éﬁﬁfggﬁi ontopmhich 20 roof i
crelBd o @ bnat TBYinsBE:d Bfid tAd Q0ities\ M@ p@rddtiio: ad dayitids Snay alsdd@ provided as fluid
enpty' in the finished product, it is necessary to
padRdg@Wiysle f& oBBGripbieSind kentaiat @ity bf prigté br iwssrtedmpeieriglon the finished product.
provide a solid surface on which the roof material may

Cagi?}esfﬂ%? 1'%aﬂ§e sr%g ant-gﬂgve%glr\ifah% foki 3looPBL gﬁl& Blve thS robf il RRIMEBH. exists solid

%roc ssing atter the roof has been forned.

maltetﬁal% fd cabi?y. WHEE %%ﬁkt@éinieﬁ@? obN3hKYy tEPbiebtypraviliagiRSsolDsuifark onto which
require a sacrificial material and the roof maybe
10T RREH mapif pehtad] Wabiks Yhe 0fiy Is &)@ rendbly’ & the finished fprodup litsnecehsary to
such shapes include ovals and circles, polygons having
prévitie @ Sdrific2db marertah) uch af wasj tol poyideaarsdlidutfese o Waghdke rp¢f materig) may be
not have a horizontal roof portion significantly
prigieé dhesacrifiombmateiel is then removed by further processing after the roof has been formed.

It will be appreciated that many cavity shapes do not require a sacrificial material and the roof may be closed
up gradually one layer at a time. Examples of such shapes include ovals and circles, polygons having an odd

number of sides, and other shapes that do not have a horizontal roof portion significantly greater than the
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18 WO 2004/ 062925 PCT/ AU2004/ 000023 voxel size.
Figure 8 'shows a product that has had a nunber of
walpdoeedrs cavities or voids fornmed in vari OusPCEXER®4/000023
A triangular cavity 830 has been forned that spans 5
| ayers. As can be seen, printing successive |ayers
with a smaller opening may cl ose the cavity. The
voxelaizet y 830 nmay extend as a passageway through the
product and 5 may extend vertically and/or
Flgl.ll@ ] QAO‘QVHQIBrQ&l:J ot had Q4d al ndBber bif dRrREMih GRS Wt volds Guhed iBvagibis dayers. A
shows cavities 832, 834 and 836 that are forned by
triaf@ilar QB30 B béeR f@me&d thg bpans| Sdayers. As Canbie sapn, @B Bing sucedstingrpyers with a
partially conpleted and, in cross section has a
smafieopaig 39 alpe the\ivitn. Thieaviti B0 ay eriped asia gassageisy dreigh the preduct and
cavity wll be closed. It will be apprec d that 4 and
maylextonil Prifichlly andjer ltn@mssl@aIIIYen%w& ‘ﬁa?fveﬁ%elé(c igwgd Elfmﬁt‘t’sé%"l%ﬁw 834 an

extend for 10's of voxel er the nsy e
834 tbqﬁgqeﬁqgla?drpmnot@mngtg H alfﬁlglg ern(;%\/f %Eg 8 slé all?r comp%éqsd anc{3 %n Cross

l.ayers T. R ALS at
s R R Ao & P e h a%ﬁi%%%i%%*“
invention, to produce functlonal products made 0
1t Witk beyapgiedidteirtion the drawieg is adt#, scal¢ymd almrqctheyaws Iﬁty Wndsf@rvl@ s §f voxels in
different materials on a |ayer is re
eitisr tf BrnpveTie errieneitidipaldirectipnind mpsalsg GHF‘@J% 50 59 EYF‘E?v i di ng
mul tiple printheads for each layer, with at | east one
MGtk MRackipisi nting a different material conpared to
the ot her printheads provided for that |ayer. 15
e r& | to f dnYio SF@WE fulctional
VR s @ k1Pt Bl B SGRETR Rl
pr&ﬂhﬂ%&d@@%ﬂ§&ﬁ'ﬂ&ﬁ ﬁt@tEﬁaﬁch@%hﬁ}} t9 bight avdrilidifRRht@iateibls on a layer is required.
ucts, one layer at a tine. For clarity sone
Tn GRARENEBSEmAAls€his iOibhietea By providingtiOibleqiristhgds fot @ch layer, with at least one
simultaneously may all be of an identical design or
prifiByad Pentiag a dirfrére matndal chepirghis the otieapartbtadsprayjsehioniaat deyer.
supplled to the printheads. Different designs of
RAMT uthIo ﬁg%re%reh? c éﬂa%ﬁ}dshm | 28diGlR makBacRRAY s@é’t@nﬁlw f@n
end-or on top of each other. Products nay be printed
thQl Qfeatgl? Qﬁltl@l% Biafi-rhhEekifl GroT@fs! dnk 1agdrad a tinf¥BloR Elarity {081 c@ponents are
separatlng ayer(s). The system 200 includes a
oi@aveyor or substrate 202 that is caused to nove at a
substantially constant velocity as indicated by an
arr qw 204 . Jh I bVt iR Beshs,
Tt B e SR A cod B e e

de &E [1;@{1 Qategggphgé t%ftt%'i)ﬁﬁilexdsni@t‘ff&@nt dddigas Jtb@dtiucR @ Be printed side by side
vernent along a non-flat plane is

and/or end on end or on top of each other. Products may be printed on top of each other using sacrificial

material(s) as separating layer(s).

The system 200 includes a conveyor or substrate 202 that is caused to move at a substantially constant velocity
as indicated by an arrow 204, The substrate 202 may be directly driven or may be located on a conveyor
system, not shown. The substrate 202 preferably moves in a flat plane. Movement along a non-flat plane is

also possible. A continuous substrate is preferred as this ensures a consistent velocity past all the printheads.
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25 al so possible. A continuous substrate is preferred

as this ensures a consistent velocity past all the
w@eioapsmazis. 19 WO 2004/ 062925 PCT/ AU2004/ 000P@BAU2004/000023

However because discrete objects are created, a series

of discrete carriers could be conveyed past the

printheads. Located above the substrate 202 and c%]d
Hovapabtcafso disnraiamirciotrh epately eseres gEgiforste cgiriens poyide °%]‘F’?§’Efg@

206 of printing devices. Each layer group 206
printherdb-udes m pri nt heads 208, which extends transversely

across the 5 substrate 202 perpendicular to the
LocStbd ®6¥ei tltuidfats 70 el spabd dplrefosuiash otk ere a Tniey of “lavyerppps” 206 of

nmore than one printhead in each |ayer group;, for_ a
printiydecieds. Eaytstbyengrodp@d@inviides m penteeads20% maige exmdsfapipiRgly across the

ei ght printheads in each |a ﬁ/ﬂf ﬂJg}rou For gl arl the thead
subsﬂqaia\zp?r@g)e@mquyrtgﬁg\ﬂ;rchmof B?‘vie straten, Tl@&d‘ﬁy %&(gF one printhe

grou There is no theoretical |im f
n emh,laﬁ?rlgg)g&t ory aﬁilpé:é]éwtqnh% Wi P%ffpaverf%? % %und ﬁlﬁkﬂ aanheij % C]@.&l layer
ya a [ 30 eoretical limit to
grom rc antiale%gmﬁ% go fu LB rmatﬁegd d:gglgﬁfa ?Lro ThefeAERD theoretical limit ¢

rlas rlnte |ntheasrray

the nunrcber oq” rm%eaésqn T%Eﬁ JayRP érglﬁg%%ie eﬁbcrdtnferh@d? hg&@i @& Ber groups are identical to

sacrificial materials such as wax,
eacygt{lérous evapor ative drying materials and various two
part conpounds. A suitable nmetal that may be used is

Thy rﬁ%%r%@pxétﬁ\l\gll bgghe Eg?ﬁﬁads% Lllf)lgc% d%% Oﬁng popyfnﬁrs &%{e‘n o o%){ ?ol ers, metals,

ng po
sac $c1qigfxtgli1 ?s sruih as wax vano %vagﬁ'gc{érg TFI ﬁlgte%J]saalglctl %?%r%% t@(gnﬁaounds A

suitBit %Ltal%?lmy%g ugh Qtﬂndﬁﬂ’] GG HayVd bt pet Il SAE. AleRReR bl ARl Gallium
tta e printe Pol ymers having 15 nelting points in

ma} peeusédaﬁﬂ?mé?ﬁng 3N belc23€d. B wilB{3 Gpréctated ttaf eler welals dyutetal alloys may be
ot her polyners may be used. Sacrificial waxes havin

used. THE hibikicR & piifk nittal @ifblaihizt eonB@Gvinyrelectpisaboanacius tod présped. Polymers having
conmpounds may be printed. The |ayer groups 206 are

meRip@pcids ia ha rangedf shogt 120°€ th BT areiet] F%@qd i pthes PRIGRFT I??Y\'RNSE% Sacrificial
the substrate 202 noves. The spacing of the |aye

waggs b 22@Bing panipishens 86@&@@@@%%@&?"&’@?@1 ISR B | y
constant but this is not essential. The |ayer groups

The 3er @ofps Q@@&@@adé@ figait Gladg the 1rphtinahiregigi Bitwhizh the ROSragFOR moves. The
this vertical separation preferably 20 increases

spfotng PthSIyeirbilps BCioml cachthergs mefpraliinsubttaatiliy qepistert Gty is not essential.
direction by O for each |layer grou Thus, the nth

The Biye zrogrs0Parnipaded pqrwéwfm Hestrae ﬁ&f?d {5 verfical scppigion preferably
fromthe substrate 202 than the fijrst t

ingpfgess etervise avith paslplayeh BiPRRAR e jopeitydipa! fig 1°n§’é§§‘if C\a Taﬁe" %"“P" Thws, the ot

L ayer B(or r ef rﬁpthn tﬁé ﬁrLt §i‘ oup, where 3 is
laepEoupL Pre‘g‘éﬁ’l ecﬁ(‘&',% H’éﬂbeb?‘wa% %ﬁrﬁ v ag M Cr ons. %l? srotp:
th Stée asey al éj & a a%or%é? %e?éro&ph'ﬁﬂ: vglngof\ﬁqméferm A Rbst ﬁb&ﬂxel'hﬁght o,
HBTT LR ne%af S
approximately 10 microns. The step value may be greater than the voxel height azbut in most embodiments
cannot be less than the voxel height. A value greater than oz merely results in the printhead to printing surface
increasing. A value less than ozmay result in products contacting the printheads unless the initial vertical

spacing is sufficiently large. However, in practice the printhead to surface distance is significantly less than the
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cannot be less than the voxel height. A value greater
than a nerely results in the printhead to printing
WG 00ia62225 i ncreasi ng. A val ue | ess than a naRCT/ay2iol/000023
in products contacting the printheads unless the
initial vertical spacing is sufficiently |arge.
However, in practice the printhead to surface dlsug e
finishe] Bodgerhéight Sn B hepdd te besthe famp on sater the thowpsswighiop Bty pgntheads of each
PCT/ AU2004/ 000023 fini shed product

h So 0 ne
laye growpererpiorablithe seipe @s{t@aetfam%sa?sﬁﬁtﬁéo Rl @ﬁfhf 843 snee
rintheads of ea roy referabl o
o gGoa-CRANOE FRLH VN epSrrirL et RSl e v
synchroni zed to.a I g . . erably O i's
S i R A e R o
i ndi vi dual printheads in each Iayer group !
As hompems 40260 vEGr thwreatdan S R ﬂ@é@ﬁf %@P%%&fate Shultaneously, s
pri nt heads operate. As the ubstr t%
thattepgh layprrgequp fapyflopt 2 %?&ledwefz‘é&m pr g
O o astéyexgeisx%ﬁegg | g? SQ/&ates subgtep 1%118%9% erl 2{! ?Hpe ¥ Fhe

erlia

prir%}e?::ﬁ y Cct:t“?n r1a1 at%xacﬁ}?tﬁe s%qe tl.tEé/ In fg'ét rﬁwaﬁs@ e Eﬂﬂﬁﬂe)(ds\ﬁ@a %ﬁﬁayhrﬁoup are

erate at substant’i al [y the sane tine;

spage(a afgg th %Q)f &Mt b}n@&ssﬁ?ﬁéﬁﬁd@?éj&ﬁna?dn@l&t difttimal at

exact e sanme tine. In fact, because the prlntheads

I I t
The ﬁrg\?aé?rl gpogg/ 28 19 @%glrg?tfgrgﬁﬂf“ﬁ%@ oﬁtﬁ ghf @Jsh’eagetﬁ%r\g){}%rrn g?st pa 91 194}hus as the
Qe et er groy
sub%fe@?{s%{l]mﬁf f#l eﬁnd II'Z% u}% %wﬁlsair%?d?ﬁ/agg mAR %le%a'gy ey ﬁrg}tlagf group.

ate 20 forma
Thys tﬁ‘eségcondqyﬁglr %rg%%m pTQHﬁ sé’3§ndtlzﬂl§r of the pl%&f PP ARBIBRr. U@dEHal operation
t er group it will already have materia
eacP Ealycgtgggp H%tsta erlohtb He 1dy@ YpBhtedByAMRPreviods1aiSr drdvd sehaara” layer group
ayer group 212 prints a second | ayer of the object
214§HnR o HBkycf 116 Stthd @jeer . | n normal operation each |ayer
group prints a layer onto the layer printed by the
revi ous, | a el L I:Jﬂﬁ gﬂa liﬁ EtypUT ObjeLt i ggiﬂg roduced,
If%h?ﬁ?go eheﬁgwg %%%£%§M£E§g%e O%Eecfs % &?f ?He * P
thesﬁ%gt Id%g)f af md Jﬂ)ﬁctL ﬁe)ﬁ%rsﬂ[t&%ly @Jeﬂémgay% 9ro§1hbb&i 1in@tv81 pas under the first
nt and a single type of object is being
pn%éaﬁi HEL G layed drRp ht@REmQGGETf OF disthdced Have@bheefadt pridii@adgf each layer group
simul taneously created by the production line wll
and@S Surfbd dfth whitE mbtbriabdjectep by thitipeattbadire shgimtitlyjdenticgl benghetime that
the same tinme. |f the distances between the first
mapsiblnpdndsaaivatifis Earcthe rimghend tgyibodapositiop prfageds alsg e s by the layer
whi ch nmaterial ejected by that prlntheqf e the need
gravnh Thusythe eyt 8}°“Pi)‘éq¥tbF ésavhmnﬂ%%ﬁ ﬂtnr?éf asoglg olpg Apthotndn noppal pse:
ends travel i 0 the ad t.0
oot e 1 Gt TS BB MO R . GO bllea o

groups

op%;rtlltlgJ ?Vﬁlb}tlagaet&)}ls o\%lg’l 1(3/1\1% %mgl spalz:m% ch\seeﬁ XcFa(&M Qprél"aafgqayjepgrgdﬂpangﬁzénstant

out normal use, the need

e a ic AS
lowetfqaﬁégsgﬁcgh)%tﬁf%rtféh Qs Gy r&Sivel SAMPBRRarlvAY Briticalr OUPS.

Ined later, the systemis designed to

ted. B
s beglé r<::)r8ea ed. By

To maintain a substantially constant step height between layer groups, the printheads of the layer groups may

be mounted directly or indirectly on two longitudinally extending support beams. Assuming the beams are
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operate with variations wth |ongitudinal spacing
bet ween adj acent operating |ayer groups and constant
wO o0vgio629e nal spacing or vertical rise is onl yPCT/AU2004/000023
preferred and is not always critical. To maintain a
substantially constant step hei ght between | ayer
groups, the printheads of the |layer groups may 25 be
subsmtitly tchigtli, foee prhductinn lingyefilPQ9dayprerayps: FREE o6 AQTretEram fiag) of {he beams 1
ext endi ng support beans. Assuni n thg beans a}.rﬁ 21 V\Qumlln
om @OOarEdIs 4o Pt RETFAREHIGDDYRdeiekt f5 &3°h Ry Y Z10PR OTdY PUSFOgHESne
for a productjon |ine of 1000 |ayer gro v 8l Sl
e RO S BEPBFRID P FRE B e Ty Sr e s Ry e
upstream e 1l resul.t | st O RE of Rl B 3G ted
1°n3"§‘§‘éﬁl g‘b"%"ﬁgglgef%fﬁe mrﬁ%‘?lg%é pné@?ﬁd?nan gager{kﬁdé’?e s a oo mounte
indiSANRY B bRRAGH HE ! ﬁfoﬁﬁ%&fbn% BBnrhdR Y B Fier Gt 1D Sari@dd ehokr on the beams.
llaye?' groups arée all the sane size in the |ongitudinal
Mo-.&ﬂtiﬁfﬁg ﬁrﬁ’i&eady\bﬁﬁcﬁ 1dyB&k Rip 84 Lcolftloh taprieallotvh hé prindtaais iorbe aore easily
ayer group the printheads may be nmounted 5
JocdtAiBLasRY th ¥ sih@e fl4re. Ihewa B phiie i pedrabbymtisediabnpagllel to the substrate.
conmon carrier with the carrier nounted on the beans.
ThiMilo®s thegintheels pifa laybieend $o tefe aquon mipthpad gy Ryigfingspriage distance where the
conmon carrier allows the printheads to b rmreleasil b
subbtozatcme o8 & bleteaFeived of § cqupnoy casties glpeallpystprprinipnd of & lqygfgroup to be
pl ane is also preferably subst ially parallel to t.
s o e e Y SR QRS ELTg 1 P B s
group to have a comman printh Lot sUL26E ion of th
oSl saletidreion Fabe PO a0 o Say e Blrihuils Ml ion o e
use of a co ri8sisaksQs@l | ows the printheads of
Cméerf&ae;‘?lfé?emar}%(%uapm SF%ég}fgﬁlgssen%l ed on the carrier away

fromthe production line with the | ong/i t udd'lnal sa?%ci NG o each
Théyeultmeminteadnefifechdryer SR oF BF RALnE¥Rle S Pyt DY GE 5T BHRPE

i o P i ¢ L8y inted adjacent to
otharclf‘e:quréllﬁggo ﬁglgeaf Flgtg“aﬁ)?l%tpﬂ’gtg‘{% ét%e rmla‘g)rmntgekg %?8&21%%%%?%?6 pgnt d adjacent ¢

failed | ayer Qup | S ' THh6, Jbved B @laying printing of
majspial ﬁ?%ﬁggyo?lg%g@ N eﬁ?/zdrsg) gfrag%%l ggcgug’ or print iigjng b
SIRILE e & At BRPREEE bRBafk: phiht@d @@8a MThis time delay
Vo’gisﬁglrth.eml?g erefl?%ggmtg&%irgure Zl?rﬁlnatgri al ;fggs printed by
cortrJ;;?on&t tb'tnP fhh@ﬁ\pﬁ%atg OBRBY md@Sfebnd tBe ﬂ}_ﬁ phiithead Ma adjeaeritthead
to 15 material 220 printed by the first printhead
2020838, 1efseraratiGie the Bifir@isfs diViibdbyitis: sproi bidhessdbsiygte 23| Sinek hagh the substrate
printing of voxels by the nth printhead 208m conpar ed ,
spde® addnidengitudinal seyeiralign of henttfepds it a lpyiet gieun &dY Va0 the timqgglay is not necessarily

time delay corresponds to the tine the substrate 202
cotistakie hit mayrbo gee 16 fempAratiR variptioas vasiationt R éasafion e%gmﬁl%ﬁi #e °‘ﬁi’ fpctors.

printhead 208m i.e. the separation of the printh -
AR e S RS D BC Ot A B SR R bt

the substrate .sReed and the | ongitudinal separation
sepgpatip iR SBPE ¥R ™ | ayer group may vary, the tinme

delay is not necessarily 20 constant. This may be due

to tenperature variations, variations in |ocation of
pri nt heads and ot her factors.

PRINT TEMPERATURES

=
=

Fach of the different materials used may require different printing and/or post printing processing
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Accordingly the system may include sensors that feed
data such as tenperature, substrate speed or printhead
W@ e@aneto2dn into the timng circuits. PRINT  PCT/AU2004/000023
TEMPERATURES 25 Each of the different materials used
may require different printing and/or post printing
processing 22 WO 2004/062925 PCT/ AU2004/ 000023 = .
tempesptwey catpraresido totrpearaiestresuigddor e pher matgrialeSThe aqigl priggperigpporatures
the other materials. The actual prjnting tenperat :
and pAY PREE PprepsE ST TRed H‘g’ﬂ? ‘8?’?%@”53?68 o é‘g%éWa“’g’ﬁ"etﬁat a muld

on
th terials ysed and so it i.S.congekiv 2 only must the
mall PPl @7 Rt bR getmf%fﬁ oy ARG AR b aony must
ma’ct SHRSIAL YR, on%!ago(:fl Lo dkh Merials tiurﬁl% Eﬂnnfng |} OWing AA@ fn 1R GHnished
S RSP MRt érial s used must be conpatible with

o an@brSceS G keRBerRiked ks, gedf20¢ @Sphidg. and i n
pm?'%gb?itt%ﬁé%%gh? p?%d‘iject E eg%?r t hat St hegepri nting and

_processing tenperatures st.. be generally conpati bl e.
Fisloe g ShoB S BRETE B PEBaA Bt I AR SPPITH T o 2 but
i ndicating print tenperatures. The printheads of each
Thé i$tehkadg 6eedh 13 Ceravp OGoray ptint seyviak differad haftasiels fypiqaiist regtarighs gt are
typically materials that are heated above thejr
heateglabqvp heipwéltitespoinchorrdingly oye Prigfierd By ProhiBdiem msk! b7 fepperature of

indiumnetal at a tenperature of 80C. Sacrificia - thea
LS SRS ST GE T A VB ST POt B Pl iy prvend

be printed , t her.printhead t nahl. £th will
el P Yo RO TR et RN dalfraure of the vax
rinte the evapor I & WJ&&U t @rM@)Sfl‘ﬁuN!lx ere above
ne%é%% tieg)wkghee nglélln%gv&%% é}ldrlr%rf EIF‘ﬁgPpéI?e nt Tof inn%lliﬁ)ur% (156C). v
° & 1 YRARRY @Lé QA o ee[ﬁpl%{eﬁfe'#aﬁ, R findiulBnetsoilehet. Aboragly, a wax
15}1?6‘;&? \%}nén t he Sr oo(l)uect is heated to evaporate the wax,
with AR eva i N R Are BN 19690 brithe 1dvaSiaetting giint of @l otxmatestals hsed) must be
an evaporative tenperature bel ow 156C (or the | owest _
usd¥ET Heiwag algpQiaiitiot teheagddlto IB0IEEbr pintingy 4s af that tewpaidtureril ésta viper. Accordingly,
used. The wax al so cannot be heated to 180C for , ,
theryiinthead mginting the arex ik ated todxplertepngreaird of ahogt 84°G,wiplgithe indium printhead will
ot € SuBEHC. Sl PRI PEY PSR TGRS FE it i oluion
negfide be 4t aboy . @ AUIPEPRY VABE
indiumprinthead Wi |1 need to be. at about 180C
and i S B T GRETBreR s PR g empersars
that are printed in solution and the sol vent .
Figivaq:how thesfirét printicad & tach huger gaum sich bs priffiesd 08gprriafs p Afjry matgyel Mo ata

well be printed at roomtenperature. Figqure 3 sho(i/\rs ,
tetipeeatrd Fis Thepeconstiathend of caghegeqyp, seshat P"@’F"Sﬁ‘ﬁf’gléﬁi’é‘ﬁ a ggeond material M, at 2
print head 208 prints a first materia at a_ .
bars b g oo b aHro A Ehent e P! M o

such as printhead 20 i nt second material M at
temgperagise Tleﬁ‘ﬁf@er"é?ﬁP’agueﬁ,ﬁeéoff&mﬁﬁeeéﬁ%aﬁg'pri nt head of each

group, such as printhead 208m prints material Mn at

Whilst reference is made to the melting point of other materials, it will be appreciated that some materials,

cither before or after printing or curing, may undergo undesirable temporary or permanent changes if raised
about certain temperatures. If so, the system needs to be configured to avoid subjecting those materials to

temperatures above the relevant thresholds.
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tenperature Tm Sone of the values of TI to Tm may be

the sane. Whilst reference is nmade to the nelting
w@oioane9ds ot her materials, it will be appreci ap€dAUL@MYE/000023

some materials, either before or after printing or

curing, may undergo undesirable tenporary or pernmanent

changes if raised about certain tenperatures. |If so,

‘Thd thepesipst efhereedals printdd endsbtbirsaredt ihe oRewi v H@Psé% bg ‘H"’Qntamed

a product of

wmmawh Bheonceptaf {Hrnpgtioy PSR KoxPER9AS 9 7‘%‘6

eratures of_.the terials pr
wotrt é‘i‘e&?ﬁi‘%‘%‘iﬁbl{“ﬁérhé;g’{)g‘%‘c‘l’ agfémetﬁé%%“m b beprind oo o
indi ai ned Wlt r n 0 e 0 a temperature
of lgﬁ%ﬂft?l [ Iﬂzisplcg a1 ’1% eto 1nc(1:3 g{f QGERt: &fh &tgﬁ temperatu

oh vox to adj acent voxels
0 A f Qﬁﬂeﬁ tlﬂcﬁﬂgipbn Wik it lands to forming a
Suf%ment%abweats B ﬁ?"?ﬁ’%h % et i?%st ant"ci:]’grlt &atl1§ dropl et of indium ¢
goﬂ%e@rlamwéﬁd REcHXa] B3hE FoREVe0 the in¥ia% Slould @bt b BucHotifat fdel tocifiuch of the
a plastics material. The droplet of indiumw Il need
male@al BBt iNBRERDr btBerdisd BBRAILB chdnges The stafefidl daeindohtyctsaly gilldbe pppgeciated
nmelting point so that it may nelt part of the indium
thatpORquitktheat firgodddmaiéng ol dveiding dagags to gw@slnmpdma@aﬂ caalr‘i’d
el ectrical bond. However, the indiumshould not be )
scchuptrodaludby ddtustimg o el b REPrNF B hedPReRgEe f o materis that
contacts or otherw se irreversibly changes the
hasrhaengripted, ag el es papprppsialy scstiony °fm€\tf‘?a¥  be appreciated
that the requirenents for good bondi ng and avoi di ng
cuilagErbes previ ously printed material can be
accommpdat ed by adjusting the tenperature of material
D1€ en’llgat grtuﬁ&il 5 ad s%@fﬁ }a§ {:@\ﬁfeqtnh&ﬁ&r SHaithRBe cmg%ch@duei ad or more
n printed, as ' well as by appropriate
ma?éﬁlll?&ﬁdll? thafdfa dRBlcREAR lte%hquJﬁgN@4 Mﬁﬂﬁgudall}f dhewsaniimber of different
materials printed by the systemmay require a nunber
cude t@dhfifuy ent curing techniques. Two or nore materials
usual Iy share a drying/curing technique. Figure 4 also

schemat | o STale va v recipitation
Cut'ué%rﬁ%ulremen mciyf%e s& \ivscoglm? %@&E Qxfiteriaistfo ﬁfdﬁ?% p&rhtls b Elgmg, precipitati

ues ring requirenent i ncl ude SInp

rea%@o% cﬁzgytfc QeaGRHSHAA AuriflPAsRE El@étroﬁn%n&fé lrdaghtidny suclesap@ l’vﬁtet lig8t.
yI'ng,” precipitation reactions, catalytic reactions

Thg %ﬁe];ils{flf Qﬂ%%][liielr ?%1’1 teol bg %%ﬁ%?x tegt%ggrrae 0 @ enflonagfstab?%egore the

gsfetg%fézfet g ai:ee(,i oséed ﬁefera ytgee te%: qu*ﬁ? !P 'E@P&%'tﬁ%‘ﬁé!t layer is

materi a € nex ayer are

deBosEe%sout ng% notFl);e efro? xgl%ly a ﬁlg&agﬁfn Rf balnSt ﬁeﬁt%ait vk Yoofel Fo®d sufficiently

e next ayer S osited but need not be.

s TRY to SRR 1xt By EFRS S prifkbd ﬂﬁl’stﬂlbﬁ:‘ém@ﬁﬂlﬁsohﬁﬁedﬂﬂaﬁpl&iycldﬂamaenals that
cooled to be suff|C|entIy

do not have a specific melting point but solidify over a temperature range.

those nmaterials to 25 tenperatures, abo§e t he g

Curing may occur after all materials in a layer have been printed or may occur at different stages. Thus, in
some embodiments, each layer group may include one or more mechanisms for effecting curing of the

materials printed that are located between printheads of each group.

Figure 4 shows two layer groups of n layer groups of a system 400. The first layer group 402 has four
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20 "solid" to allow the next layer to be printed

whil st not being fully solidified. Exanples include
woraioe62ks that do not have a specific melti npCPalUni04/000023

but solidify over a tenperature range. Curing may

occur after all materials in a |ayer have been printed

or may occur at different stages. Thus, in sone
pringhidsi d02rmeln b & d mariing irepdififeragt ting medipds: R sergad lavseeraye 4Abhas m

mechani sns for effegt[n% curing of the te[igls. d :
prinfhedda préting t anateriplercquiriig § SECTFREPRRBET PR FiResgdyethy theptiaheads are curing

roup. 25 Figure 4 shows t | ayer. graups o I I
e e By SO R 5 P R PRt R g

four 24 2004/ 062925 P i '
mmfﬁgr%yu%%x%éﬁpﬁm?%aﬁl?|%ﬁfﬁggéggggééggﬁgggﬁfgggahg@aﬁﬁgcmmg

%E&Q?ds' The second | ayer group 404 has m printheads
prinfing mmaterials requiring j different curing

thods. D d withi h i.nt d '
Lot O Sposec v, b heeds, o S0 D
thods. i 1t head f bl e materials
of e 06, PR s i e yr BB At Y a8 B RHn, The materia

e sane curing

ro L th A f . iR Greferabl
a0 RS B el S ST W PO P GRAN aehotrtly
| 00R 406 thhis@heBnalekiklS brinfed bl Prénitia®it B &xcll 4 may be
gmgﬁgﬂgggéﬁgg%tedmg%g?égﬁﬁl of curing nec%anis%?%bG,
curd s By 584 U@ SurRld nedhatiidn@sof materials 1 and 2 as they
pass underneath. The materials 403c and 403d printed
. b rintheads 402 nd 402 y ' :
b 05 AR o UG8 00, B R s s
a0dR8d 4{0@@5%9&&&%@ 405 DRI 'Maﬁrg%u‘ﬁ*g Guringd BYBe firltQuriiB hiRihbBn8 are located
printed by printheads 3 and may be 10 cured as they
upREBDSoF YRS e Hetidnl 01 01TES B bufiTo BrintRhd¥i4DaIahd/404d brént i and dourth
'ayer group 404 has naterials that require three
ma@iidif senl 403drdhange ERddIY dsing Mechamtismeia el FinallsQ the fifirtd mf @rigsheads print
print materials 405a and 405b that require curing by
mateHiads thit kegbireca ¥ bunige meshddowehicnokffagtet by the gering meehgist ¥4m of
curing nmechani sm 410. The third and fourth printheads
i hilsthreA 0 R mbOsaFikid Yec eStobdlles oAl Dingle curing
Bﬁ%ﬁﬁ%éﬁﬁktgégbgégﬁ%ﬂggg by curing é%bﬁgﬁfsn$412.
mebHaligth koY each ARink hbihdd id roquirtdin pach 12}dA g@GHS Whildt s is ph&ferred, there is nothing to
materials that require a jth curing nethod, whichis
prévédh @CintheRynt tvhee @i tiring mebaihamairisdou bylmorBhanyme aysing gredhinism in each
printheads of materials that share common curing
laggechni ques together, only a single curing nechanism
for each curing method is required in each | ayer
Tt Vi1 84! {ﬂ)premt'e& @it chirbh Seth&ls BEPSLMiEIQBH sottﬂé%_fdér dfprimiing hiﬂﬁlgeatlﬂayer group
prevent an arrangenent where one curing nmethod is
wift Rfite@Ens@erhtidaYo rEa dufifymethioe detindt adyensebicafiaetiothen materiggidivady printed,

whether cured or uncured.
In some circumstances all curing devices may be located between layer groups.

Examples of curing methods include, but are not limited to, the following:
Evaporative drying.
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layer. 20 It will be appreciated that curing nethods

may conflict and so the order of printing within each
wo 200@06292DUp Wil | require consideration to enBCF/aU2004/000023

curing met hod does not adversely affect other

materials already printed, whether cured or uncured.

In sonme circunstances all curing devices nay be

| ocBteithgbijeredémattraer groups. Exanpl es of curing

met hods i nclude, but are not limted to, the

T Ol |0, 11 ini@RedVARQERL U VLS Ng. 25 WO 2004/ 062925

PCT/ AU2004/ 000023  Freezing of ejected material. Utra

violet initiated curing using U V. lanps. Printing of

r el P&t 198Kt i ng of catal ysts or pol ynerization

initiators. 5 Evaporative drying. Evaporative drying

may Pheingsfehtalyseschr pojympezstiomigitiziorthot or dry (sol vent

depl et ed) gas over the material, applying a vacuum or
Evigﬂ% fessure to the material or by heating, such

A y 1I'n rared radi ation or combinations of these. It

Il b t t hat Je t
qu\rgérlgtgﬁ dfeyglg gl%l? lgengs?fteE gywaﬁ)sﬁ}gtal §t| or grgg ollvgl?ge ec&)ﬁsa&?xgﬁe attéillgl applying a
A V “4' ral or combinations o
vacglfné%rh%vr gas %rﬁ {(]) tHe ma eggl Iglel;y h‘é % sl asylgl%frafeﬁ \ﬁ@ﬁcﬁﬁ binat; f

her organi c "so an inorganic

Che B cafth R 6ds@ el IR LW Phrtial vapor pressure of
ﬂwfgﬁWﬁﬁ%gmﬁbﬁmd%%?éghﬁgfgflaIE%hat has beeﬁ hgatedp i
the@@@&@solv@ﬁ WiBhdr RGN Bvates aladhpll 4nc&|ofzadiOsolvertaah $norganic solvent, ete.
olymers and waxes. Cooling may rely on conduction
and/or radi ati.gn of heat only or may be enhanced by
Frospipg,plsisci mﬁ&'i""g gas over the layer or any other

met hod of forced cooling to speed heat rempval. Sin

Frebdhes of pjedtedmratztal fheihdtfiser hspied gbpygdts Wa@n&ffomf B éPPB?"’B‘é fo f{fﬁ‘a‘s polymers and

1000 | ayer groups, conduction di ation
Rt CoalE WA PYan POIST 1 Ao 20 g Segafii B Bovang ofcod

forced coolin [ t ' on
gaSé)aErﬁhq ﬁ’f}fé’f atlﬁéglﬁt\é\nn d Bfgor&eed%f)céhag % s%ee? Heglss rgmévlflll é’iﬁ'cte'ﬂgﬁ’gé efréﬁproducu

b t ow sufficient hea
ling$as ﬁ;ﬁﬁe edl. 1Qodhay %rbgé Bl \ﬁﬁ%ﬁﬂ d ﬁ‘&&t%%%lohJﬁn Q&%Jué%‘&ﬁy?au fficient heat

gases uced on one sid

los§ %Eitsg ﬂq@@goﬁ% %ré it dll@l‘ﬁbsaﬁtﬁ%ﬁs Ab&clﬂbjeﬁ&ﬁdsttdbetcb’kﬁed gas(es) will
ternativel y gas may be introduced above

normally be caused to move transversely across the objects. Cooling gases may be introduced on one side of

the system and caused to flow across the object to the other side. Alternatively gas may be introduced above
the obj ects and caused to flow to both sides of the object. It will be appreciated that these are examples and
other systems for gas flow may be utilized. It will be understood that ‘cold’ is relative and the gases used may

be at or above ambient temperature.

Where gas is passed over the layer, either for evaporative drying or for freezing, it will be appreciated that the
gas will need to be compatible with the material or materials being cured. Where metals are printed, the metal
droplets will, generally, need to fuse with adjacent metal droplets, either in the same layer or in adjacent

layers. As such an inert gas, such as nitrogen, will be needed for cooling so as to avoid oxidation.
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the objects and caused to flow to both sides of the
object. It will be appreciated that these are exanpl es
w@na4/06aober systens for gas flow may be utili zBGI/AU2004/000023
wi Il be understood that "cold is relative and the
gases used may 20 be at or above anbient tenperature.
Where gas is passed over the layer, either for
In @R QIAicuemakigl ofrgtedss hbigreltgedst ibrggoled pot galy pelqyeits freezing temperature

appreciated that the gas will need to be c
but plsa th the freezivg tempgrapre eﬁaﬂﬁlﬁtnérep%ﬁ reinfsdiPRgrtRly Y 09%’6855 may be printed
netals are printed, the net droletsvvl

I
nextje AEADA %fanm@ebmqteealf R . SR REH B bl g evr and
the geli}}:ﬂyeegﬁa xtée?s?cngglgqe wax 81¥Ih 11 o2 the dﬁngnﬁ&ﬁ e eLrﬁé{'%& Wﬁﬁt the indium

S5SNIt rogen, w be needed
ld & e Qo ang &ﬂ%ﬂ)@%' £ 2@& N¥dial with a melting point
cougig)ﬁﬁcf gegé"g"gg“@%%uzo(‘iﬁoooozs In%sotr C|cr currg%xances
of Mft @(f°b ai'hu@l'h@ Gk vadsidRed WBRlcboldaessiihwisoedie thiseade ®efor edhching the next
only below its freezing tenperature but also to the
laydrleR87 I diti TR flaliv g iy béprintetl vehenmrheeingicadng agiackm togigHium metal. In this
Potentially any of the materials nmaybe printed next
cast e RlinA MetDPuliineainy beaadblet belvarttemicking poiu offhe weax Apfpie eeaching the wax
indiumnetal may be printed in part of one | ayer and
prifthead ofdhetsaniecgper srovylt tidhbe angeseiptpd % P §1st \Ragk Ofiﬂiﬁtﬁﬁ’f‘@aﬁy Brpegied by a
the indiumnetal of the earlier

negrydecond gxet egp @m{’% theévm \@aelstaﬁe nabla al&ym{ag %taftdm% 8ac¥l Ptg%r ‘Nh.\lst wax has

beée@%eﬁ asr“f‘é%p Bt Bttt EleeRRlal i e Rl o avove
di d hc letogh qertla? bel ow 80C i n this case before
lsfuésé"(?hs ﬁ’@ fhe hnext  Tayer group. In addition,

sacrificial wax may be printed in the sane | a Eﬁdﬁ terial
ThewffeetoBhigh tereperafyigis P Histitad o ppssible e ‘é}% TR Y gy 1ot materials
metal woul d need to be cool ed
thaggre quppd by giher B’éihﬁd[sesu?hé’é a\ﬁp%adlolf ﬁaéaﬁw react1ons or P?]\énéealzaq?g %%cm}ns
sanme | ayer group. It will be appreci ated that a first
It flovee From fhe A ediscadsiontyt, b eokt sitiigngs, ypteriplsitint reauite s gk pEespiine
voxel even though the two voxels are not in physical
tengpematigCthethettdue odeing ryinkrd ps a hpyingltr dugdapopiREnting propesigal geed to be
an exanple of a material having a_l ow nel
pripted, popessegnd sppigdde popeesatal! Waltlpeﬁtl’g ® boforR pming; g%%eg%i%& ﬁgﬁ"fsed materials in
applicable to all terlals The effect of high
the SR AYR EOHEE P8 "REEYE mited to possible nelting. High

tenperatures may also affect materials that are cured
Ulhry viokehieitiaiew turing 9sinsUdhlamps. evapor at i on, catal ytic
reactions or polynerization reactions. 15 It foll ows
uif Qgﬂattc{ﬁﬁlgﬁg P/e%séh' vﬁﬂiW'cﬁ&Qd Solyaers. To@cﬁi@Sfapﬁlcﬁar@high‘)ﬁ&nsﬁyUV lamps
materials t require a high processing tenperature,
mahiBe hIae ITo e dvahaamg“fgrcmcbmmgdy [ASing cdott] gavalal algrbedegeirado
post printing processing, will need to be printed,

d t t
PR S L BB A B Re FRRBR TRt eriml & i1

Reagent printing includes printing of two part polymers or mixtures in which a precipitation reaction occurs.

This may require special printheads to print the two compounds simultaneously or the use of two, preferably

adjacent, printheads, that each print one of the compounds. Similarly, use of catalysts or polymerization
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the sane layer, not just in the next layer. Utra
violet initiated curing using U V. lanps. 20 Utra
wor@kme29euri ng maybe used with U V. cured pol yrer/au200¢/000023
achieve rapid curing high intensity U V. |lanps may be
used. To avoid overheating forced cooling by passing
cooled gas may al so be required. Printing of reagents .
initiators requitesprinsibgsofthe mptstiaf amsiaicotalyst B PolYAIPRZRYRn dtiator Bduy EATD Special “dual
printing includes printing of Lmo B%rt pol ynmers or
prinfhpads efrtweprinthesd mebede WY R AP FRYBact i on occurs.
This may require special printheads to print the two
WhEOROY AekSriaSis Potifcad Wassdf yataysts} dolymerizetiafinitiars, tworpedt pabatstsy
25 adj acent, printheads, that each print one of the
predipitatia tackBns dBiothix ngecHayisms g rearfire dwt spayalt aympgenents to be printed separately, the
pol yneri zation 27 WD 2004/ 062925 PCT/ AU2004/ 000023 . . .
twolcoronents@ras be primtsi foethe SpPS lARRHoTPT BIRY hepEniEdoafipcspt logpigns vith mixing
catal yst or polynerization_initiator, Th agai n
occsrﬁ@:tbravghvenﬁaaf of aXthF‘i‘t etk dEel B ap?{ﬁsatﬁ‘{ W%@&é’%‘ﬁ’ﬁ“}’%‘l&d& one of the
required for each such.material . er.g '
compgEi P 1 P BBy 10 B ol A BB biflrcompouod.
pol yneri zation initiators, two part polynmers, et 1
Tt will appiieqdatedathat there meplostcpsomwhersmag s wapreqyERprs arfBrintqq4g form one “finished
require two separate conponents to be printed
matg@gbar ately, the 5 two conponents maybe printed to the
same | ocation or may be printed to adjacent |ocations
Pridink BF 10 Sinktge ESE Hitdgls tdthoaghioetint agits io omdipraceervbus voxels of the end
voxels. It will be appreciated that with tw part
maRAdIboLIBlEes geeater furdehian rriotingdeAdibsent loeptibpsas a cat al yst,
may be required in nmuch smaller qualities than the
ReBE S ICAb ppnd. It will appreciated that there nmay be
cases ere nore than two precursors are printed to
formone finished . terial. 10 Printing. -
Wi g ot R RS Hoy e s b ol bl produos tis i
in e honpgenequ xel f Il s
ol F s P Bap B PR Ay DR for sRBE et fithndred oy
rnaI O Al u%g sm{@z%ﬁ%m%f’g‘%@bkéeﬁfmmkﬁ. &Bus@neﬁ)f‘d&ﬁ’dﬁ@ﬁ Jiirl Fhay diEpRnse with
HEVTRG T dent i ca ayer groups provides maxi num
pnI\tiu%Z@ e hek Eifoctivie @ redORURM, $B Fe@biHe loSmiildxits, sizéan_d B okallrese offditk. production line.
For exanpl e, many products have a plastic shell. Thus,
Act REinXRAP bBayet dddipf hdySbvefaeatiuded nahitecbflpaytierds. 15 may only
require a single material formng the base of the
.Sh . Thuys_th [ ' i [ brdubs.
g e LRe Tt Ra R SO LA A o TR RIS G e i ng

conpl exity, size and overall cost of the Rﬁodgct'on
Th fiysefour layer groups, 506 to 512, only have one printhead whilst the fifth, sixth and seventh layer groups

514, 516 & 518 have two printheads each. The printheads of each pair print a different material to that printed
by the other printhead of the pair. The eighth layer group 520 has four printheads, printing four different
materials whilst the ninth layer group 522 has two printheads, again printing two different materials. It will be
appreciated that the number of printheads in other layer groups does not necessarily dictate the number of

printheads in a layer group.
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Accordingly some of |ayer groups may have a reduced
nunber of printheads. Figure 5 shows the first nine
wo a00e06292DUPS 506 to 522 in a system 500 havi nBCTIAU20¢/000023
groups. The first four |ayer groups, 506 to 512, only
have one printhead whilst the fifth, sixth and seventh
| ayer groups 20 514, 516 & 518 have two print heads
Thexaadnials Fieedpy baoh eltidwtend] covaldhlaysngrpupptay he thesagp pfdiffessat from each
material to that printed by the other printhead of .
othertBhup &ir exanplgheci i lpd soittelgier eropps 4 6 519> b Prinfiggds S14a and 516a that print
printheads, printing four different, terials whil st
malepigh M piskRnthegdsey 48 gag g‘p?b A8 opriftad %ateﬁ?li heads, again
printing two different materials. It will be
ThéRpntdyateeslp 5 i8ahs 4 dniethénd Fife thatriny p paatrdemtigal Vh aest 4peipthead 518D that
| ayer groups does not necessarily dictate the nunber
prig§ an of} patetidh MadsintheadeS2Pm ek Goldaypy. eropp SADriDOGErips Mo M, Ms and My,
PCT/ AU2004/ 000023 The materials printed by each
respagtively- mat eri al capabl e | ayer group may be the same or
different fromeach other. Thus, for exanple, the
wifilstfighte 8 BdwShayek frolpayiaife sgrtofxpsprodnditbn Bne3idGyg avedneed number of printheads
printheads 514a and 516a that print nmaterial M and
copyated thBeokginGiiviomben df Bxiedibls pringed, ipwill e apareeirtpd that prytleyer zqup in the
MB. The seventh |ayer group 518 has a printhead 518a .
protdigipn lineimay e lanitgdie @ﬁ@mﬁgtsaareaiﬂs qompagedo e FRTHThEEperpf gpferials that
that 5 prints an nth material M. Printheads 520a, b,
arecablg tapegintedydhe syBup 520 print materials M, M, M3
and M, respectively. Wilst figure 5 shows |ayer
INgRROIOROF OBIECTE Sstart of the production line having a
reduced nunber of printheads conpared to the nmaxi mum
At '&E!E%EJ, Qs IR ﬁgsjetﬂlnﬁmgﬁnﬁ RicRMon ik oot 10 Lmop&l, 49 REtP6dsiBle @ the system to
t hat anyliayer group in the production |ine may be
anlt' amréqﬁg:d'béinﬂ@ﬁd.nﬁ of zﬂgodu&.sfﬁ)nﬁ&fn@bﬁea‘s SagRfira fifd resdutioh Buch as high-speed
maxi mum nunber of materials that 10 are able to be
sepicdndiiceds. by the system | NSERTI ON OF OBJECTS At this
stage, because the present mninmumresolution is about
Fi 19 chlgegngtri]callé hovls2 pRAlcuRORE ?(W kb a foB& 65YHE B bR of oBfedtdthto the
& requir conﬁonents of a product. Sonme conponents

proidds berd lﬂl‘iﬁt@. fdr @l%t}é e $é?tllddlt ah@ﬁbriz&th@&aléh&rel’&c&@erﬁ&ﬁ ed
sem conductors. 15 Figure 6 schematically shows a

B a0 Bt R0 g
ac Feieréaéeé !31‘%(3%3%% 6(}4%(3&\61%51&' tcc>: éAvel%ptge J&Bé épéeqqg ﬁ’lla coige?!)r.eﬁle%ﬁjgct 604 is then

moved vertically to be inserted into a cavity 608 previously printed in the product. The cavity 608 is a close fit
for the object 604 being inserted and alignment of the object with the cavity is preferably achieved using
vision systems. The cavity is preferably sized so that the top of the object does not protrude above the top

layer of the object.

Whilst the drawing shows a cavity five voxels high by nine voxels long, this is not to scale. Typically, objects
1o be inserted have dimensions of the order of millimeters, not microns. A typical object may have a size of 5

x5 x 1 mm (L x W x H) i.e. 5000 x 5000 x 1000 microns. Whilst a height of 1 mm may seem small, the
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The robot 602 has a supply 606 of objects 604 to be
inserted. The robot 602 takes one object at a tine and
wa@eweleras es the obj ect 604 horizontally to trBWBAU2104/000023
the sane speed as the conveyor. The object 604 is then
noved vertically to be inserted into a cavity 608
previously printed in the product. The cavity 608 is a
cletAncstetwiént theX6p tayer ofttheepraglgt ewst theoiathesds in fypirady alsq enty 2yl mm. Thus, an
alignment of the object with the cavity is preferg@[y .
objept Hlices,andha fe Iayyr raiprshag in &P eI 1ot PR dpyirqegp prigheads. Additionally, if the
preferably sized so that the to f. the object .do .
oo B R Feis B 195 Y BPE G BV GBFERae iplacement

e R BRI i e P 0

obj %?L llge%?%&\? fhﬁ%iglg?tg)oinpcﬁ%{eto%gct G ogﬁm{h%oﬁf e BR AR H8Eo does not

_ , hot m-crons. A typical object may have
caufs o) #xRltedesu®® X 5 X 1 nm (L x Wx H) i.e. 5000 x
5000 x 1000 m crons. Wilst a height of 1 nm nmay seem
smal |, the 29 WO 2004/062925 PCT/ AU2004/ 000023 . :
Prederably e qdty P8 Pt e egips ﬁe&“{fgyr g F‘”&e%%%%’?%‘g*ﬁ GF ety Pprine e
printheads is typicall DO ek oBEy, Wik Snay 8dur if it
om%ﬁfgf?mﬁ%ﬂ?@dm%%ﬁ?ﬁg&?gﬁ%h§§ggﬂ%é?ﬁer tﬁah_in’a ca\??’tyurll
We{gﬁ}écela%% th& {o? AU OIS G ATFR Tehvity {)1’@1@1‘3@& mAeidl thb Qﬁ@{ s, prdferably, a
e object extends above the top layer, this my
rectaBShBE UK gé RleaRl B addcthduneaviN HowattSiewillie Bipesidedithat this is not
di spl acenent of drops subsequently printed. By
essbriSIETHe loBigct mby e rédajvediih a bavinotha haldsthet opjektan/positiorebutitops ot kave a shape
| east as great as the 5 object's height, the highest .
thapiatehs thf objebtés shapp.Fot expmspld, b rosthngoler dbisptoorldbealpratedia atrispeulp cavity, so
the product and so does not cause any unexpecte
providine Freesspacpplopichebjept. Theeavits st by shagedand pagfigigrdiiqpypviqelgpe o more

object is securely and correctly |l ocated.in_the
chanagly o wssap?\xgﬁs] 0 @thTrK%;athsb\jA theI pﬁodéct 8%1th ?nf: )9%%1[16508 Ehlg gra(liJué:te ghus, for
. the risk that t.he abject.. b Y f |l fine chamnel
R P PSS G TR R SR BBt ot
The out ]| f Lda¥ oPhEahabldudat ches the
du((’)t%?rg?:stsa.g!:dﬁagsﬁtg? e}gérdéﬁoet?a v, ‘a 10 r e(k:%tL angul ar obj ect will
be received in a rectangul ar cavity. However, it

. wi ||
Kepy¢ypesopotireis &g Rednsered typicpjyducjude | fsfératede“)é/%‘&‘ﬁ FYjChy ps mata PLOCEIROrS, gapmmory efe.
may be received . in a cavity that hqlds the.obj.e | Dcons
W PostIb v TRt 0P R e o e R RS hoons
obj.ect' s shape. [ EeX le.. T o' o but are not limite
g de RASER S ERlp S BIP scRal BE AN ADALREU: ot wenotmited

to trgng@toéfi%ﬁt-% lﬂﬁod&spﬁsep@)cﬁg, tiodel BEs@@Vvi ty may be shaped
and configured to provide one or nore channels or

assageways to other |qcations wthjin the product .qgr
AT OREA RSRHCSHT @n CE FECTHRS F> Po PHEAEE i R dedril s may be
a senm conductor chip may b aocat. ' 0d; i the
prjﬁpg{y ia]ﬂlgﬂl?ﬂ%r’taﬂg %cﬁ%gl%é?y it 18 ¥oss1§le Lo pmalt ﬁgﬁéegelécp'ﬁalp\'hpeg %6, G@f@ 614 in th

e cool'1 ng channel's,
product. This may be carried out both before or after insertion of the device into the cavity. Whilst the drawing

is not to scale, the electrical wires may have a thickness of 10 to 20 microns, i.e. one or two voxels. Wires may
be placed in the order of 30 microns from each other and so many millions of wires may be printed in

relatively small volumes.
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ducts or passageways that extend to the outside of the
finished product. Key types of objects to be inserted

W ypio6edory i ncl ude integrated circuits such asPEEAL2004/000023
processors, nmenory etc. Wiilst it is possible to use
package chips it is better to use bare dies for cost,
size and wei ght reasons. Preferably known good dies

WhirK @Bt tachllypacaveldsads arSasvitedpthel drvicesrare thrierabispiysettnd vith g1 pend gads 616
include but are not |limted 20 to transistors; ,

facig tyacde psi this nskes b fomring;of gogd galigficlseaca! coppegiipagmish cageRY ihgpward
menti oned previously, one_of the materials that b

i PO BRI S OB SORED G PPRCLPY B R oty el H coRfes, bond

rinted is an insulator, and rdi ngly. 6. d
sadi e Bt a5 or0R obt ST oS PR Hd coichthng grpd comact
612 & 614 in the product. This maybe carried out both
Théxlefior te boinsegtfd reay bi slepatdtby §1g ingdrtiquiebotiing the grifting gay qqenr m a nitrogen

cavity. Wilst the drawing is not to scale, th
atmepphere.of ¢egrtialprhigh vaﬁﬁ.&p&. ﬁlgf\})@ndd)aflwaéwﬁglgtgd Y_I)lf:h ni%mf %etg 6uch that when

gt o bR Bk P ot oo ke OB T i gorneeon
so many mllions of wires may be printed in relatiyel¥h

On&aThd devivedlasibresinseB6], WOnLEOIe (6 2ORE mPOTEnArinRiticH) opegtions. Figure 6
Wiere electrically active devices are inserted, the

schematiodly shoays foupromnigreanblpxprsipprserinted qn (e phict #d sRing E S Beh
facing upwards as this makes the form f good

congerAPRIOY- 81 ok S P1IEEPY BIABET SHE™ R TPoGA 8P OOy . Itcan lso be
upward faci.ng bond. pad el ectrical | oNs may

e 1 e A T R o Tl B e ANAgRle 3% 1
contrast, bond pads on the bottomor sides of the

Thelpj@ten iswol limited toyinsgrtionas eleeiical dsviers dYieshanicalfdetigre mpylsg bg inserted.
and good contact. 5 The device to be inserted nay be

TYPlcRASRIER Y uhDRTEGG st | On robot and the printing may
occur in a nitrogen atnosphere, or a partial or high

vacuum _The bond d e_pl.at 1.th gl - .
T PR <o O e PR e e B brimads
rotbfiEed ASl UNAMNG POAGaRRA el ts forming a good
el"'ectrical connectl on. ce the device has been
i nserted, downstream | ayer groups may then print
Vagtlectri cal connections. Figure 6 schematically shows
four downstream | ayers part-printed on the object and
ThS BB Glot VT @R plt@ebkit BalvoxtD hrmeated enigd Bk, plaga 2y§s 84 drinted that

printed in upper layers to join two objects 604a &
haGQédsamedjstdsions.and toxdsail ofihe gum dimenséinns Mogf prafegablydheg oxshgppters have a

earlier layers include netal voxels form ng electrica
heygigpral dopgpac preangemoint i on is not linmted to insertion of

el ectrical devices. Mechani cal devices may al so be
In k3 $RFetBlembodik B ALy o 2K S ThrhdvEHATRAGEI R 255F16 Gffrons, as shown in figure 7. The

height of the voxels is nominally 10 micron. This provides a resolution that is typically 10 times higher than
existing systems in each direction, giving a voxel density typically 1000 times greater than existing systems. A
corresponding nozzle of a printhead prints each voxel and so the nozzles of the printheads have corresponding

spacing. One or more in rows of voxels 710 are printed by each printhead, with each row extending across the
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The follow ng characteristics relate to the preferred
enbodi nents that utilize MEMS inkjet type printheads

w@2004/0629e%f erenced in the aforenmenti oned PCT/AU2004/000023
specifications. Voxels The building block of the
printed object is a voxel. In the preferred enbodi nent

pl anar | ayers are printed that have the sane o
subshiatepmis indiveddm airoyoN 6/ Rewa itk pasfredisidebisidralons theHasiign &s indigpicf by arow
preferably the voxel centers have a,  hexagonal close
718p Bsloozatepisthgdtris A micramgwinlst therew spagipge 2 &d O dtBEPHent s t he
voxels 710 have a side length 712 of 6 m crons, as
Each RO ligid fnla@HA Brinfed nkk Be trdagil ghtspiefe, bilieh ivibxigpisal bystem has a diameter of
nom nalql y 10 mcron. This provides a resolution that
abouS1 2tnyigabrs A heyt inlpdsitidnredafier tghering shisheackedrppsiping g vesph withasshing
each direction, giving a voxel density typically 1000
apridxinBsingyr heagenal rribra miteacheight of g, thylaserhpight, phicticipy? WRieqh B fgbout 10
nozzl e of a printhead prints each voxel and so the
migieppz| es of the printheads have correspondi ng spacing.
One or nore in rows of voxels 710 are printed by each
Thé¥dxél§ HEad privtddtitia Bachnter@lvubix teafighration @dr sz gerakel@d payied
2004/ 062925 PCT/ AU2004/ 000023 substrate, ads '
corifipathtivat Baee banfigurationy iaved nuilesnef adyaptagss.iinsludie igprepsedispisiepqgdo crack
al ong the substrate, as indicated by arrow 718. The
proneeziidnesmpller g¢idspogrednglirogs, FRdIp A resifipAos %%’“Ptl’f’ecofldé‘ﬁ\tz“’g g%&i%’f voxel
722 is 10.392 nmicrons IE:IaCh d];s% of liquid materi al
configprAoBL RIS RE e With COHEBAPINE VH© 8 & e, which in the
typi cal system has a dianeter of about 12 m crons.
FigWeeBrshdwa a Rbsttatei SoMwitrechuaibdr of layseschavinerbgenpohtpdis shewe Ahelyopgs of even
forms a voxel, with a shape 5 ap?roxi mating a.
laybre R Hg®l3 a8 15 pirdi S $rarep it Lengiustinglivg by Lt the voxe] gpapigg iglativgdq fpyoxels of odd
which in a typical systemis about 10 1crons. The .
s 50 81219 o8 1 T Fobs oo s BVIRE A HEERRER gt in ide view. The

confjguration or _in a he onal
i R o RS Uy PPt
i advant ages, including increased resistance to crack
2 BPRYAL0h, smal | er voi ds between drops, and | ower
resi stance of printed conductive lines. O her vgxel

: 0. .
Togolriéve e koagifuging offengeidisivpels S20.he ppagipg ¢ e BEHeRds 2%/ dheloneitudinal
shapes. Figure 8 shows a subst rate 810 W.rlahlhanain{éurml% er of voxels
digtiop kﬁ?’@?eéabgfét\?isaﬁ‘ﬁ’ bEwER aB?aiy?ftg@BpSiag S RORRIPR 2y SR EF U5}
even | rs 811, .813, 815 an e S€lirvoxel longitudina
R e o G N

of}sgh?né?é?élg ]:'yrﬁltetg E]ag&% adi‘uésﬁﬁg {;vﬁe,n%gcg prirﬁli'egd € &4 %k%lﬂs& £oBbinalibh & physical

res voXxe aving a nexagonal arrangenent

of%sg{tilﬁi ag@tm\ﬁbﬁ%ustﬂiaﬁ

0se ked. :
huga‘?lﬂn R %S glgnt%%néyr ong Frmthead per

O% ave a nu

The preferred printhead utilizes two rows of nozzles to print a single “row” of voxels. The nozzles for odd
drops or voxels are located in one row and the nozzles for even drops or voxels are located in another,
parallel, row. The two nozzle rows are spaced half a voxel apart transverse to the row direction and are
staggered half a voxel parallel to the row direction so that when printed a “row” of odd and even voxels is not

a straight line but a zigzag line. Figure 9a shows a single “row” 901 shaded for clarity. If we assume the
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nunber of printheads per |ayer does not affect the

voxel configuration and for clarity only one printhead
wW@en4/04%923 ayer group is shown. To achi eve t he PCT/AU2004/000023

| ongi tudi nal offsetting of the voxels 820, the spacing

of the printheads 822 in the |longitudinal direction

is preferably the sane between all |ayer groups and is. .
printBA-6pldpY 8diRE @fypomi stiapwt i piaratievn eArtipusERintng pEtows cap Faydt in total tiling of

hal f a voxel. This separation is not critical and jt .
the siracpeisisirdps.dt with beephieeigted thas ptGer ﬁatrﬂfea%muraﬁafﬁgﬁpaﬁﬁbﬁaﬁlhe main

of fsetting of the printed Igyerg bg aQ¥ustiq when
requizenesht ipihitr iR prEted] tdreplas pRn 197 oSN B AP O 7 b t

physical 20 offsetting and tim ng adjustnment. The _
FiguRds 6, 6 bid@Ghd¥ ol A@Rebrrit dnibbdimentst ed andxwen laersiobumatprials ategeposited

print a single "row' of voxels. The nozzles for _ odd
relatile @Schorher Borehss ofrpferchoaciatierchep marls A ip SVHTRddfopta reipg Ao Lons.

for even drops or voxels are |ocated iné@not e

r, . .
Refapairead figmte 9a.rtsvedd iyess Y0Rere Albariafed Wi oo AhaERIYH"f argprinted with
voxel apart transverse to the row dir i an verse
acosqtaagcﬁ%qtéaatwar%theaod@/%906%.113?‘16%{3“"{‘80”‘%%ﬁg&?’%‘\%‘% EL It fans

irection
_so that when printed a orow  of 48R Y P48lisSthd Bngitudinal
mmﬁﬁﬁaigmﬁx@PPQB@ﬁp %,eegb?ﬁ%w%?agggmﬁﬁﬂ%_ Figure 9a "
. shows _a_singl e ' o &, FRALEHnS Ratifelpdifidndag off dh o¥Pand even layer is
GO R OTRY R\ P sty & 305 S e P B s 000023
shoW nAhE o QP GHSin B WIB! BindEKAUaNRYox &l lxetdeh thak 4all gitlirections. Whilst it
view, continuous printing of rows can result in total
is plekebrbd 6kt Bffsettihd\R o i bRE fie Whiifadinhl @dStanshdrsewlirkdtiot & will be appreciated that
appreciated that other printhead configurations are
the P&X8IS B 1R .offSEhiR ofilp bue of the ugitndinaberttrapsyergelifectioffhen pri nt ed,
the droplets can forma substantially continuous
Traxlas% AL e’t:t{n o] az%ﬁvedhby @ﬂqttiﬁ% 8d M%WThﬁs@)riﬂ:.ﬁ@ﬁﬁbﬂ dddlayers can be offset
enbodinents, odd and even Tayers of nmaterials are
halEHEROB irdnSrselp relaBledb pritfheddd fop ah la@&s!fl er. For ease Of
reference, a reference mark 900 is shown to indicate
relative sitions. ferring 1, QMR - 935 a1 AEVeRIS direction is
Whlll%h’fésr%ef%g g'ﬁtrﬂée pﬁ?’slwalﬁ’rﬂﬁw Etfn & 8{% p?‘ﬁﬁl%gl lklg#fl SBtT AT even
layers 904 ales Bl &b Wihdkd 12 b RatiR Whehé Si8ikidual printbeads eject ink
confté‘%é’d’ Iila\'}l(énstlrbbotﬂhdélg %18% CF%? ers 902. 9T e even layers are
: L oY half a voxel in the transverse direction,
rdﬁéééﬁbﬁn]%y nuneral 906 in figure 9b. The even | ayers
are also offset half a voxel in the |ongitudina
Prigifhegdcantl fyyer gr@uPLABRNCIR! numeral 908 in figure 9b. The
resulting relative positioning of an odd and even
A lygiyabiystrs is bR feshiywwrpable offprguning obiects hpfipguny te gight didferent maiggigfs and,
voxel being offset half a voxel in both the x and y
acrdingtyt wib pesterapipibave pightiprintheadspeyer F¥B- t hat of f setti ng
occurs in both the | ongitudinal and transverse
Ealll ﬂrﬁﬁéali e ty[liiéal Whtkrh hd3 @ papleaddinfeds ninadithough diswex bd IBOTRgTYess, as
be offset In only one of the |ongitudinal or .
dedife@ IESIRQFifitRead intled:t bigirn printhead chips arranged end on end, with an effective length of 18.4

mm. To increase printing speed each printhead preferably prints two rows of material simultaneously, thus
requiring two rows of nozzles. In addition, two additional rows of nozzles are provided for redundancy.

Accordingly, each printhead and printhead chip is provided with four rows of nozzles.
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Transverse offsetting can be achieved by offsetting

the printheads. Thus printheads for odd | ayers can be
wobdoges292hal f a voxel transversely relative toPCT/AU2004/000023

printheads for even layers. 15 Wiilst it is preferred

that the physical offsetting of the printheads in the

| ongi tudi nal and vertical direction is constant,
Eaclvgiktnihaddi obip $riste 208 tdvelsiper wwianbesach arinthrad ghé has§18nozgss apd cach

adj usti ng when the individual printheads eject ink
printhedddes M&072 oozl ot hers. Printhead and | ayer group

construction A typical systemis preferably capabl e of
WhiE QEIEYeN gto@taESidhSscptadd pRigthelds thid reghigh128gbrifithead ehigts per group and so there

materials and, 20 accordingly, will preferably have
are £io@hdf 113,576 heardspepgsupl ayer group. Each printhead of a

typi cal systemhas a printable wdth of 295 nm

.altho bSy i §£9600 188 or&8Stb bRuce IAbfRct 1 om high
W“%?%ﬂ?ﬁ%%%&?H?F%%ESQ§F§?§§ﬁQ%?%nthea éﬁigs grrangedh
and_%@l@qt@r@s @Ggpr_in‘ﬂﬂeédg, 18$00@Hrin@6id MBs z{n_ﬂ PtiBesQfo49lBill#bn nawates. TO

i ncrease printing speed each printhead preferably

prints two rows of material sinultaneously, thus
PriptsBesir i ng two rows of nozzles. In addition, two

addi tional rows of nozzles are provided for ,
Thermeehleekilitione. of 2Gpist printhdidrgrae, is dawt 0Qyrieretepragdy Wath fvo rows of material

printhead chip is provided with four ro nQzzl es. .
prird sBieouly beRdpmintbeat, s provides BRSO 1@5@?208%%3 RERPacing of

chip prints 2048 voxels .per ro d so.e ' us. for
10§ e o SPEEm AP Bt e bR e S h R 168 s

nozzJ es. \Were. each,| ' epar at e
eﬂﬁ?@ﬂ%ﬁ%%%%wFﬁP%”?%ﬁﬁrgégaﬁg@£%$WE?%%§%£§%?§s per group

and so there are a total of 1,048,576 nozz}es per .
Wityra @i widsh 29 hmm tisspyevides fapairumarintpera af ¢l 2EHem /s t”&;ﬁ Tgagjum print

ol Hgos B CEetts G RS GH INET RERUSRES Vo0 Her syt

printhead chi ps an rovi de +049 m | lj o .

o S0 RO BT G 0 PR
ritnead Nogzle i i ' d%s-vald¥, bdth bi¥Bhead will n

i L o o

1R DeR kL Siedor Ovi des a printed row rate of 20 kHz.
be%%haérOM/gﬁacing of 10 10.392 mcron in the

| ongi tudinal direction this allows a substrate
Memarpeity of 208 nm per second. Thus, for exanple, the

system can produce an object 30 cn1|on% about every
In the prefe@icantisdiments we have a system that may require up to about 98 Gbytes of data. Since we have

all the layers of a defined product(s) being produced simultaneously, all of that data is being accessed
effectively simultaneously. In addition, the data is being read repetitively. Assuming a product size of about
450 mm longitudinally, each and every layer is printed about every 21/2 seconds and so the relevant data needs

to be accessed every 212 seconds. For shorter layers, the data is read more frequently.

The quantity of data and the need to access the data simultaneously and continuously means that, with present

technologies, it is not practical to store the data in a central location and/or to use disk drives to store the data
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Wth a print width of 295 mmthis provides a nmaxinum
print area of 61 296 mm®2/sec and a maxi mum pri nt
woolowhe2o¢mt 10 micron voxel height) of 612963 PEMBABI®4/000023
per layer, assuming no voids. For a 1000 |ayer system
this is a total of 0.613 liter/sec. It will be
appreciated that in a multiple material object, npst )
that {sageesssl bpittielprilgigadsSIf disletisivesfwerti ubdddifeig Freuldrar sy capiguousty gpg be a major
. whi | st ;he.naxlnun1volune rate will be this valye, ..
risk eftfaitwrapF pTovidealisk vndang pouldlso sgsplhip FHRSCESETY CHRPIGHE AR PR state
rate. Menory |In_the preferred enbodi pent.s h
s gE RS M U e T
Sl nce .we_have all e | '
st piieeeeri PRty SR REr L AOHR fbls ot
eing.,acces [ i : i
sy B R g eyt By
menfé?yslggme@ g & ixpﬁlt,ol%ég bro. Ofte @fe netBRA datHaObeBdownloaded to the layer groups,
ongl tudinally, each and every layer is printed about
theyEl @bdhesd s ZcBEMRREISa] SdUeke SDdatalsactr 28 b et tlatalsidre Bydmdporating the
be accessed every 21/2 seconds. For shorter |ayers,
merkidRin @R llerigioup, eatineroprefebilp penthdags or Minsheer chins ihieh sRgpd aggepso the data
and the need to access the data sinultaneously and
for gaoinduil FsUssieyerone dareadilirevidedf iptrnplhye Sk typigal BFD F%‘E F‘&% group
it is not practical to store the data in a ce I
nong@kyamtwe ity L. AP SR GREAE P s ‘gagearf%é’f‘%lay“ atany
4 WO 2004/ 062925 PCT/ AU2004/.00002 '
e QLA PR TR G e ) T REAERE
e used. contin ly and be a major risk of failu
tole‘iaé}cep?‘sé’v\l(j]l“&ee 5 l|ls“i'c,eé?a?e§'dundancy woul dJ also result in e
unnecessary conpl exit

. As '
Therpweng A IS B e e MeE o T el Bras
Accordingly, in the preferred enbodi nents.t '
prowifies seffcis yé8|rﬁaﬂa°§?55?éﬂeﬁé]?%?q§)“%?ﬁts? FSSYSé"'os.Ina‘@eetreaf%%a Simfotiments
.menory is distributed across the |ayer groups of the 5
fm%???ﬁﬁﬁbﬁggﬂnﬁgvgw&ﬁgbup stores data relating to the

| ayer currently being printed by that |ayer group |n .
In theprolryed bt eeh iwhor 1 donsHd|cy Ken s S &% fafpriiead chips
necessary data has been domnloadeg 10 %gg.l%% r
el bpE AR i égrle%foEﬁﬁ%Pﬂthéwh%S B i Mpi AN g defng he
of data, _su . -
relgvapt 6?"6‘&‘05{1’? %éer facﬁ)g %nﬁ%ﬂ%{@ lKibln saéeﬁxgéﬁ eg ;fgvre ag%‘(vOZuIéblts g)nd ﬁnﬁzD tkll‘eelayer and
preferably i rint. L L ' ohi i
e e
to SHoR6B 00367 )E ﬁgﬁ)ll%aﬁmﬁ&%aﬁy Riflaéhbiinal siz8loflehid vbaepsfa@bo2 micron
system each | ayer group 10 nornmally prints one | ayer
thif &REALEHh AR br&Rst 16kth af BN 56T, This Haes ne elttsr foryedagdpayor other
the data for one layer at any one tinme. In preferred
oveha@dhRm Bdueaiidavhiyle megerp e sathe madiman wmberpf lpcatignsat | ng
to other layers, for fault

Thus, a printhead having 16 printhead chips has 4096 Mbits of DRAM and with 8 single material printheads

per layer group, each layer group has 32,768 Mbits of DRAM. A production line having 1000 layers groups
thus has 32,768,000 Mbits or 4096 Gbytes of DRAM. Whilst this is a significant amount, the cost is relatively

low compared to the productivity possible with the system.
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tol erance, as wll be discussed later. The nmenory used
is preferably Dynam ¢ Random access Menory (DRAM .
w@oneeoky avail abl e DRAM provi des suffi ci ent PGI/AES104/000023
read access to neet the requirenents of the system In
the preferred enbodi ments 15 this nenory is |ocated
on each printhead. In the preferred systens each )
Tt wilirtie Bytpteciated thss the oais bt of chemdry BiPYged dsflepansiant qhpdotelpyuper of different

and those printhead chips each have 4096 active .
materipls piedend UEamahimpisiae HfOBIECITA P@vr?@cegm?sa R{raRFYETe I of the printheads

iy SR s B B LB B Al 6 e

Call 2 Kbits ta. defij t he . i foi of

drepiepafe G fee e bk hepo e it i hpGARER b o
| ocat i i EﬂbUp? thAhtePRER ihE YoxbRndBe hRdr in which it

mm%r%ﬁ?m%gigggkggggi%%%ﬁh) I%%glions Iongitudinallf?

och\E }ddsFo beQPRIkY SoR&ler, & isZBssiBfe tBpbhsy Oitethis Odta at Ghe Biftihead level. In the
mcron this equates to a maxi mum product | ength of

typx@;h Qdiem 620 prifeadldhlySrith® 6% nia@tial &l dnlywnd layer. Abmidtherd pnlpstores data
ot her overheads that may reduce the avail able nenory.

relafifigto Saels the iteixts,Mwrinta suvki&ing ¢F laye eed haseigl is rpgpgdant. Zhus, potentially, the
print head having 16 printhead chi ps has 4096 M ts of

amDRAN Hatersebrodipeitprigthenil may e rpripesr HONCVHIaF 15t PREARIES: D5 aRving fplptively
group, each |ayer group has 32,768 Mits of DRAM A

neghgibleluct i on | i ne having 1000 | ayers groups 25 thus has
32,768,000 Miits or 4096 CGbhytes of DRAM Whilst this

DataRa® Significant anount, the cost is relatively | ow
conpared to the productivity possible with the system

Eac%5 rin\%ag (91%4(( Qr?tﬁsga% %OR@/ M%\Q&Q Q&31s edch ofWokd nobAes and so requires a
aﬁpre0|ateg t hat the total amount of nemory provided

dath SiteSERAREI A c0RR0 14085 doDiea b 100IKNHI THais €l itmelicapabilities of currently
mat eri al s used and the maxi num si ze of objects to be

 avaREuRAbECa ThMdshiS n dataeatdslofi62S Wbitg@cdnéd frg bdch printhedia 5000 Mbits/sec for each

printheads |imts the size of objects in the o .
laybrfaBd15000 OGEMbiisfwer(si 60N Gbsttdyescliof the atireprogctionlipe tTHg thes gpise igpractical at
objects in the longitudinal direction. The maxipmum . dth
presdngte hivs a bnril daeistasg andepippeshestety fhegid ! RALES fiaillgeggpreciated tat
t he maxi num anount  of en _defini

5 nenory. required. .. ing.
i g dxelopro Y BRIz PR G 41 SO P RES P L g s alized
the layer in which it . oceurs.n 190 R QsSSP Sl residing on the
coarsy e o 15 & s G R IR R L YRR bl eiding on
the  printhead. | In the typical system each
pr%tg?aﬁ{) 9 8%%116% nc?nfs %gﬁéelves. yp y

prints one material in only one |ayer.
If the printhead only stores data ,relating to VOégkﬁm

A pelytl datz stopy defiming the mpdupfs(p) & reqyised bt e {taiom thakery onbyRg

material is redundant. Thus, pot.ential.l t.he
dopyplogded tg the fnélrvéiaal & gﬁ)}qi)srﬁ n :-faaék | §/m eézd (I; epaﬁv(k:xeen C{.F'e ﬁg%d\?é}e)g%?xg produced
chgnsge,%ﬁ]ter t(o)ta y o?% éﬁetﬂodltﬁgé. %Vhﬁé’ﬂﬂe rs]}gteln%al} ?elqﬁlteloi"ﬂ: Yrder of 4096 Gbytes of memory

in the layer groups, this transfer does not need to be “instantaneous” as changes will be downloaded when the

system is not operating.

FAULT TOLERANCE
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10 negligible. Data Rate Each printhead chip operates
at 100 KHz, prints two rows of voxels each of 2048
woewzie2iand so requires a data rate of 39  PCT/AU2004/000023
Moi t s/ second so (4096 nozzles at 100 KHz). This is
well within the capabilities of currently available
DRAM This results in data rates of 625 Mits/second
In afsystemeveitbapmyeximeidie 900 laBOGOUPKSipristhesdsper layer @@@hlw*%@ glyips per

and 5, 000, 000 Moits/sec %?r 625 Coy t /Se:%b 3& i< expected
pr!némdu arléﬂ}f}? oergles HeppinfbpadEhipthere vell P“rﬂl?%“td 1og np44lss ?“"hc g P
present tqQ have a centra

thattspf@ta %t‘%faléuﬁesmbbe amﬁﬂerl oaﬁlglanccﬁ)l;[ sn 1%0% rac a%[e%? s%\)ﬂq? rgagﬁe?tﬁogﬁmg process to

rep]g%? ]i%%,rg&he 19(&/ t a?] I%bsﬁvﬂ Le uml-sI %c}'aigﬁméj&\éﬁ k Aty wmgle%h kng}ﬁﬁcts on the conveyor.
Thld raqﬁé)d lgs%pin%m Bfe rﬁ@ﬁcﬁe 66 fipfeRtbts AR AncthddysdnSunexpectedly

use e source of print data, rather than
stops eﬂ'h¥ hidEhePEF pﬂuldr?crtsrdn @é%@ducﬂ&ﬂ_ﬁé YepbRAS briir6tct e, bid@uct spacing on the
printheads or printhead chips thenselves. 20 A centra
con9ing sEteRlafd Hedphdiighdlafeh groyps. (bt Stoppagds o rod gpekiltriegirabping of product as
the data fromthat store only needs to be downl oaded
each Dydr b@up, hehhrnclugrbithl tiyfiest, ngy baspeientighy tméreaditie stexy producing products.
printhead chi ps when the product(s) being produced
Thecfg]gggv% ’pnﬁﬁrgl Reds JrelR tohe}ﬁn&rthay\&ﬁ R 1Rt Lihe@pbeteYMidppspks. DRSS within the
temmay ' require of the order of 4096 CGbytes of
n&ﬁﬁ@ﬁ%ﬁmﬁﬂm&@thﬁﬂﬁkxg&@ﬁps this transfer does not
need to be "instantaneous" as changes will be
down when the systemis not operating. 25 FAULT
Pri ﬁﬁ%ﬂf’:&d‘%"“ﬁﬁo 2004/ 062925 PCT/ AU2004/ 000023 In a
systemw th approxi mately 1000 | ayer groups, 8, ) .
Eaqbiprinthdae pnguidgse develaf/@vlt tefpraigp In @Bpfﬁﬁeﬁfﬂteﬁlg nﬁ imp@“%é‘?’“"nmy printheads
areﬁaééd?iqﬂéiiaa%@%psia‘r’%?w?q‘%%#tﬁ%dz@ % oﬁzk;‘aﬁrgﬁ o gl fEponcin
no el)églbe‘?%:e gﬂtbeeﬁe&% Qzﬂt all ZS Ial‘ré %mV\% I}ﬂowgr%h Sinde B w'iﬂﬁeads are

Yicab
achurif 4 B\ JA8&ore specific
ﬁx%l L© U%nozzlwvrmts%t tgg sgilgﬁg g&%\%x(rg% lséalﬁﬂlgﬁg @an ﬂl?r ho%g?l?:l@ aW X p
re n@zﬁ @!{ %&Eaﬁ w2 odeR8 oEQMMENHozz1d3, eddbliSw lotutidd X only have one
yer nanufacturlng line may | ose thousands of
fiRfdAtetiS PRMEBEY bichh® uhdbR tSipFtcayprinnfutpalit elllloyatiost Ifpwzzle fails, the
The nunber of products on the production |ine depends
co@ipdatiagitaindst Zezle x;aplmduc if tigp adlinmignt orezAld then f@]@n’c\p@ylpwg replaced and so
system and the spacing of |ay roups. Pl anne
thesntip pargiesd wonldtetconsidered to hqvp] fadledy th?ﬁt ﬁgpréfprr regnaqj]e;?enta gnly have one
each | ayer group, commencing with the first

redyadspiantdlePy spehtlorpiipB s thanioge %?t I B%Z#ﬁsgmaaibsafu%i‘eg

Tt will be appreciated that in a multi-material system each printhead does not necessarily print a full row. This

depends on the product or products being printed. Thus many printheads will only utilize some of the
printhead nozzles when producing products. The status of unused nozzles is not relevant to the ability to
correctly print the current product and so the printheads may be configured to determine from the product data

relating to the layer being printed which nozzles need to be tested both before printing and whilst printing is

37



10

15

20

There are two primary |levels of fault tol erance that
aimto prevent unexpected stoppages. One is within the
wdaopoéaehead itself and one is between | ayer PCDAPS004/000023
Printhead Fault Tol erance Each printhead provides a
| evel of fault tolerance. In the preferred enbodi nents
in which stationary printheads are used, the
occpripgait head chi ps are provided with redundant nozzle
arrays. If a nozzle fails, a corresponding nozzle in
For@A® tdMrantd18asbB AL MSHRRED 1RO & hrirttddd Ry oSl tdMdp dn@kventdHPofl fliBd but unused
function. However, since the printheads are 15 fi xed,
1072186 b IReznokAes Py tttnSedad if thh Biys grvep dcednepdl @ethdr dayeart Thowat duithlization,
can only be replaced by one or nore specific
each prihttaatianmdy tasicdl 2dzlesihdepéndent ofipradpt Hatm d figridptrmining ifaay nazfles have failed,
redundant nozzl es, each row | ocation can only have one
thofeaipzlss masthefrapred aehisst e procird daip 1 AXBRES e aﬁtrt@m{ ghould be mapped as
correctly print material at_al]l Ioca&%gns” I[f a nozzlg
failpdgrpnet, If ¢ pristheqddy qorsdsEsA i Yy Trileth ira SPEra oS ToRre (o | SRR gt be
iI.(%f thg&ﬁ‘redundant' nozzle then fails, it cannot
congiderpdiphaye Bidand so the entire printhead woul d be
consi dered to have failed. Wilst the preferred
LawriGodipFault Bespowsy have one 20 redundant nozzle for each
| ocati on, nore than one set of redundant nozzles may
Th@ﬁefﬁﬁe@gg‘s&lﬁ%lieg dn eﬂghlldyer%uﬁ Bty BE bid teBithg LINRELS dnB ofthe immediately upstream
nmulti-material systemeach printhead does not
or BAESEHBEYek ol Tdfingdeshiltslate pamatl. to  Eeintsal cabepien ddayereréupavill be declared to
product or products being printed. Thus many
hav fdilet dné avidide witdnhaticatly §mappad| oty by e eratrad fontrbiter it pr i nt head
nozzl es when produci ng products. The status of unused
1).n0zz | €he haFer 3§ &1e8N AR uidyor bRGNARS Ihi fayer Gup) ESHnE @Gcks) fault that
print the current product and so the printheads nay be
carGBE hdsHirRatt Cbydetoaddmddagiaic:om t he product data 25
relating to the | ayer being printed which nozzl es need
to be tested. both before i.ntin [ eI
D19 37 5Bt oousButRE RO A TR0 Y ke B Rt W
- ; di scussed later, a
mséﬁﬁéﬁégg%hg%ﬁégggg?gﬁggggégﬁﬂﬁnventory of failed but
unused nozzles, as these nozzles may be needed if the
3 ayer @PBEHIHEBILYFSPHRi nt anot her |ayer. Thus at
initialization, each printhead may test all nozzles
Thé sidernsern txhaktive aaithiiet cidatstanceAnberquite t Byarmintg b¢ fmappegd out”.
nozzl es have failed, 5 those nozzles may be napped
, et . C ! q
ro R B B i A i pd ok R o 2
cofASdafiR bEH eds Any @Y Bydr 8ol 6 nof RENAIAEHRE@batd 1BRr &Bipk.MMhe failure of a
| ayer group nust be considered to have fail ed.
layer group should also not cause failure in the product being printed by that layer group when it fails.

Referring to figures 10 to 18 there are schematically shown a number of layer groups of a system 1000
designed for producing products with up to n layers. Accordingly, the system 1000 has n active layer groups.
The system has a series of spare layer groups 1012, 1013 & 1014 that in ‘normal’ use are not used. These

‘spare’ layer groups are located downstream of the n™ active layer group 1011. In the drawings, three ‘spare’
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Layer G oup Fault Response The preferred systemrelies
on each |l ayer group carrying out testing of itself and
wo@bootle2oeiedi at el y upstream 10 or downstr eanPCEXE2004/000023
group. Testing results are passed to a central
controller. A layer group will be declared to have
failed and will be automatically "mapped out' 'by the
layef @rilph @b stowmtirwill beappiefiated the) the umber| of spaye laypraraypsyuay gqnge from one
test circuitry or external (to the |ayer group) .
upweds i thig sydiem @it faxer arofnsinaluding grere 1ayefgrgps abeeﬁ‘%fg%‘iﬁﬁ?ﬁ‘é"&%ﬁab d
by onboard redundancy; 2). the imedi ately or
For HRWRHdsERR RplaRsbH £ R MishBddetat ol po ehatverst eifstitiatof bddend ayrelpyer
group is not 15 responding or not responding
growg® brldeiert dnyoddl Rydr Bdnde prixgeliby arfevenrlayg)group endesticefebd s t o t he
| ayer group. The above list is not exhaustive and
her ¢t . ofy thaBW&HEs KR WURka hddesy to define at '
Eacﬁ#ﬁ%ﬁr@g‘;’ ﬁ%{@&&%g?ﬁ#@éﬁnﬁ% Ige)%aer@ group must not ey
leas? BIEY@&!: Tn @R TR A nSAL Ir @53 @6 108 8 Radnllfergejup B Riffidiay@émory to store data for
groups and so conmuni cati on between any two | ayer
thred 944 Sorl efise BDdxplARAGTHEIRAwiRRshon bah tipal g@tiehaliay bree gpaypmemory stores,
The failure of a 20 |layer group should al so not cause
repiogtintediye searatesquapprintiel drawihgsi Iahylep . jorét @ epch jepreteniing thyrsory needed to
group when it fails. Referring to figures 10 to 18
stote e daa far ene day¢rePlpoinsedn pryctist BOACBOTHERRS OB Sy er gr oups
of a system 1000 designed for producing products with
EadfiRaybrQrdd: LY Edah forAe R Edhangls Yresehtieprigttg tand forl B0 hragous layers. Thus,
active Yayer groups. The systemhas a series of spare
laybrab@l m@tos s Hi04Rs m,19:3n-&artiOdydr oi-B atmeimary sfoess prland qyzpgpectively. The
are not used. These “spare' |ayer groups are |ocated
datel st Inyeaivrepfested inyfherdrawings Wyahe|cadedn inghegBROBEqURres,Wherp fy s the layer
drawi ngs, three "spare' 38 WD 2004/ 962925
nurRteT /T e oD S0 only sherps dgip b5t 1y Fotit Pag o vRitFe™ igysT eroups

appreci ated that the nunber of -s e.l.ayer S <
whiih g S T GHED Logh iy B A Lo %%feféat;{}%‘?‘setr*‘r%(“gﬁfe‘f&iﬁ %%Sf T‘Fﬁ%‘" o 1015
roups, includi are. are functionally
ab%a g‘ﬁF‘?xgsarF‘?reS%(ram? %%_glrﬁﬁppo{g&elg}g%?hqge}gﬁ%ﬁ ation it is
s byarsimy TS 8 R A S Py o e 10 ony
ooy et e RSB S e B9 By s v
nmenory that stores all.the data S def o
so e 5 SR R o AR SR AR a7 Fr bl g 012 ot

ha%(gafa}? Foa Etﬁare% ?hsko@é% m%o%rm% fid e bl tspafmmllra}id bePorRl! i04n@, initially

ree layers. For ease of explanation the

hagern%\ggtggsmeﬁlggw each | ayer group having three separate
menory stores,

The layer groups have data transfer links 1016 configured to enable layer data in the memory of one layer
group to be transferred to the two immediately adjacent active layer groups, i.e. an upstream and a downstream
layer group. There may be one or more “inactive” Jayer groups between active layer groups. Inactive layer
groups are ignored by the system and the system is configured so that an inactive layer group cannot affect

operation of the system. Typically an inactive group is one that has suffered a failure that prevents it printing
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represented by a separate square in the draw ngs,
| abeled a, b & c, each representing the nenory needed
wWa 004961928 the data for one |layer. O course iPCT/AU2004/000023
practice, the nenory may be continuous. 10 Each | ayer
group stores data for the layer that it is presently
printing and for the two previous |ayers. Thus, |ayer
matgiplos pqiird Hoores fidafiactios! laya poppsiay pagi@pedpptas Fpagiye a‘?% er
m2 in nmenory stores a, b and c, respectively. The
reasgfigt a for each layer is represented in the draw ngs by
the code Ln in the nenory squares, where n is the
Refdr@688 figuRiib IR finitial f@fifukatiad is Shayeind g lyyer bBOA prows|the cotragponding layer,
data L1 for the first layer, as it has no upstream
i.e. thagyetaygr ®aups 001\whinth Byer odecthawenh Wydr giper 1082 privgs layerdeo. 61 y
stores data L1 & L2 for the first and second | ayers.
Fi Qﬁ s %%ﬁua&%ere:lié ﬁﬁpﬁ.yeg h}ﬁlo@@?ﬁﬁ $ech @AM hdvh Qiled. The system
ayer being printed by each layer group. The spare
ma]Js BN Blih YR YRS A0SarR AN Bt glolpt dbviiRRdam@alayet grotiphi®00drdriestructed to print an
| ayer groups, but, as shown in the figure 10, onl '
carlleNRyek. IThS layerBrogiaoEis indMdi2d tapdat 19 Iive tagerigroinp 14T 1syf¢nstructed to print
| oaded with data. The first spare 1012 is initially , .
laydr 6ig kgidhewd® ldyer gchap @ instmctadtd phint layerrel. This 1§ gchiced by yeafiag 47 affygpee’ signal
n-1 in nmenory stores 1012b and 1012c¢. The secondW%p [ern
1018 @10} tigrdoynstrepmdaygegreppy, prefersbly Vig s datp linkd P Hyvdgn § 135 r@ S e
store 1013c whilst the third spare 1014 and be el
vy SR SRR s BraEre oA P o PR (12 e o
ri]%roups have data transfer |inks 1016 configured to
P %Ble | ayer data in the nmenory of one |layer group to
be transferred to the two i nmedi ately adjacent active
Thik @ pessiblg pofbgusis stfficient tis befem falinbaipgidecabiA de sebsire moxipe from one
group. There nmay be one or nore "in%ctiwﬁ

" ‘ .
layqygtoupie th@eXilaEs SRER g Eecla‘ﬁ?@fh lg)feb%fﬁlg) alrpady I Cfs\?%tgﬁe%{un% an earlier layer.

aye

groups are ignored t he tem.and.the oSkt layer grow
St SBC RS e S S B Tk e o
af.f.ect. 25 operation of | eYay&'Erow now
Pt B T W B RARET) LY UGt e 100

cor ru%yc%'gfzdgraéﬂ}y with ia %1'3&) 106@@:1%@%4}@16&818 9005, which is no longer active.

Cl/ 47000023 nmaterial as required. However,

fully functional |ayer grou be mappe t .
s il o7y B9 e gRerpt O SNl CreE PR RS P g ogige o

the initjal capfiguration.is_ sh AYLL -
e e R LR B B SR U MR iR e sroup i may

| 8Y. 88,2190 ) Qhta AlEing th NGer QL Stdrel idiicient
Coraﬁ%%%at%ﬁr% EB%P%%?}) aayﬁ}éa?y %ﬁv\%s atc. 5 F?eéur e 11 shows "
betwdén aﬁj.lcée%'i'édgd’t]s, 1%@6% ERugs BiR odviabds bhal eyilete@Fiftiap oflibikFesh@gve layers before

een determned to have failed. The system maps out

switdhinls b dn@¥8ér 1560 fheskQRRGmamteslajer bayresix wublispepldoinres $ix enpawe product,

of l'ayer group 1005 are instructed to print an
complete the part completed layer five of the next product and then print layer five on subsequent products.

Layer groups seven onwards would complete their original layers and then switch to printing the earlier layers.

Referring to figure 12, layer group 1005 is now mapped out and all downstream layer groups are ‘moved’

upstream one layer, i.e. layer group 1006 becomes the fifth layer group, layer group 1007 becomes the sixth
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earlier layer. Thus, layer group 1006 is instructed to
print layer five, layer group 1007 is instructed to
w@eooane29kayer six and the nth layer group is iPGI/AURM0@d00023
to print layer n-1. This is achieved by sending an
“advance' signal 1018 to all the downstream | ayer
groups, preferably via the data |ink 1016 when a |ayer
layeyitsum 1aﬁ/q|grosp n tRigemes the G4l alrcs sopnpad fhe fist spare lgyes eropmlPat & aapped as
tp the "spare' layer groups and so spare |ayer group
the pOlpger gl nstructed to print layer n. This is possible
as there is sufficient tine between failure being
At tiztime teartl lgerdrdup dovasteah pithectailed laydn grofiyy ipids dnerelatii@ytethe layer it is now
group to the next | ayer group and because each | ayer
pringing ths invhedtedystihat der ehdthe idmddiate dagmsarermdaiet. Tlys, lygy/gsoup 1006, now
The tine available to swtch over is of the order of a
mayppshasiprfih dgermons. hasdata frg RyersTiy sfive pilesing Biedatp 5y e ingrpedigfy downstream
15 may finish off the part conpleted | ayer printed by
lay§riyis DREEGEF Eaﬁﬂya%? laygF Bhp: iem ya‘i?é‘?*’ga&i‘io up 1004 now
communi cates, directly Mﬁth | ayer group 1006 and
Trabgfqzraﬁdaelsbeﬂwa@eke lgyercuupsld@ Secuwstyiacihta ligk 1086, ksohayerin gid MeThe data Lg in
This switch over may be effectively instantaneous as
layeglgfoup HIO6 refpiing to lpyes sipy & replacesadih dpfeladeleping o levef thige- Ais f4iels is obtained
previous |ayer. Thus, even if er group five fails
frofg She rmpekpterupitistny Y BP R 10p i3 date l‘l‘ﬂé@ | ayer group six
may conplete that |ayer as |layer group six already
Sinfuidrdsusigldiyar gr@b atdomgnsfess data Y emelafiigwelayet foutibibyee giogp 1007 to replace the
sufficient gap 20 between adjacent products, |ayer
nowgredurdat datad s definime tiger might. A simlr aransfepcpunt simgtangpustyiferiafl the layer groups
respective |ayers before swtching to an earlier
dovmgigear of el qddayer 9P ErriR TRAIEE &y orIEyRROYIURHY BaRpP XA iy e sgpup m 1 and
B R b
on _su

grogp mqt The%ys?slpare 1 ,Lﬁog ma%pe§ iis ergp ansfers cﬂaég}{ ?atm [ ?a B3 erx 1 to the

even onwa err r| gl na

sec&ﬁ%?arcs Wﬂ &Ia tﬁe‘ﬂmﬁ rsﬂ)aﬁat 1'0 W wﬁlﬁ?or%ﬁﬁllyl nel n!) gL leSeives ﬁ@afr@lﬁt g Bayer n

Igure 12, layer group 5 1's now napped out

froRlldyerGRN 515 SRRV R firafePld PSsiBiE SecaSDMERE la}gﬁgré{@§ﬁd1&ﬁ@ﬁecessary data
one layer, i.e. layer group 1006 becones the fifth

in theo8y, WD e forl adlyhedyerg fs GranB fersdbshemiraRultah@usty, it Hata 4R 19¥0 only
2004/ 062925 PCT/ AU2004/ 000023 | ayer group, |ayer

cargj¢s@iap fon ot dayerhetrednadiaqent-ldyyr groubsalpeddigmottps véteig var breacformpmtiate a failed
spare |ayer group 1012 is napped as the nth |ayer

laygfreenypis nmdenenciqast op thgeompiesietofitiiy date trgistst J hléothmw@mﬁ%ﬂata link need
the failed |layer group holds data relating to the

noybsbigh it is now printing, the inmediate upstream
| ayer and the i medi ate downstream | ayer. Thus, |ayer

Refyfringl o 0614 SnByasbindgy@ecbua $008, mew tobfpedas|tige\sevently lagas proughiads. A
data for layers four, five and six. The data for the

secondfadyingt’ cignhh W12 isisend ipall active layer groups downstream of layer group 1008 to cause them

to print the previous layer, as previously described i.e. layer group 1009 synchronously takes over printing
layer seven, the first spare 1012 prints layer n-1 and the second spare 1013 prints layer n, with the third spare

1014 still unused.
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| ayers is not required by any of the layer groups and
so may be replaced. Transfer of data between the |ayer
W@e@upe29mdW occurs via data link 1016, as shownCT/AU2004/000023
figure 13. The data L6 in |ayer group 1006 rel ating
to layer six is replaced wth data L3 relating to
| ayer three. This data L3 is obtained fromth
In thertypixall sadtem appotimerelyni 0.6 Glytes gf dataps 11yded tg fiﬁnaﬁk the ‘fof“ilﬁé’f each layer and
1016. 10 Si nul taneously, |ayer rou trans%ggﬁ afing to
the thapsfar af thisrempunt phidlgta fases|sefyeimer Bayrev &’e‘r %98?" Sﬂ &R fiarelating
replace the _now redundant data flg 14 .
““@Pﬁﬁ?nh¥?%?ﬁ??ﬁ#aFW§ﬁ§P%Pm88@ﬁr%ﬁglngﬁ?aneosoc gWMHMbeﬁmL
all the layer groups downstream of the failed Ia
RefEigIP figire 15, assumeaint thetdnsfe of ayee dataps @ tppnlind &g fodlurg Pﬂlam%%‘é 008 is
as layer group mtl and now napped as | ayer _group i
stillcha¢varing eheatlayrrgravp 1003 yFeiks. Ty data§a1?sgb}°§%t§aﬂlb\ﬁ°f‘}’imt§a% fird ‘vance’ signs
relating to layer m?2 frmnla§§

O e 63 e AR oS PR R SR . g 1004

f d I cir
b RS AT SR o

d . ctiely. mappe
mepgrg; gj%dn ors(x)ngb %R%Jilg go%g}{e%?‘el pgiﬁﬁn 1dy &L ﬁlteé & bR ﬁlV@ﬁéff)(e iRk l% IAl{E¥Eh mapped

ous transfer is possi
[BHRS: AQlhnt Remdeaas I Msoda&éa’dy hold in
laypr%?o?trgsssgveg on\?\%ﬁ?tg%a%getgsa&fegra% I n | ayercgﬁl s tr stf erred
meRib) bRt ﬂh@irﬂrﬂédlﬁtb stréaa19et Thuy, laybd eoud 200 alréahkholdd 8- relating to layer six;
carries data for one | ayer between adjacent |ayer
the@ g0t RSer glolp i idith fonjayer kegensall theaokry vhequeh © thdidd mpaci@i 4 which holds data
failed layer group is not dependant on the conpletlon
forOdyertoh Tl elbthedotnsiap layer erpkpa lreadstheld ghepperststry It anti Fﬂaa 1&3{/ spift to
l'ink need 20 not be hi Referring to fi 1ﬁ
pritig e marie: wyawlstghecﬁaﬁgda?msferﬁ%wﬁﬁ e sl
| ayer group fall second " advance' S|gnal 1022 is
aﬁ&@ﬁﬁgﬁg 4is s shwp ea}yer groups downstream of | ayer
group 1008 to cause them to print the previous |ayer,
An2adifidneNistucsibnyis desdipirdplack the data irl ngelpyemrmml tlde to layef m+1 with that
synchronously takes over printing ¥er seyen,
relfting gt layspa? eAct@dipsly py shewen ip Hgres 17ﬁ4¥1r %‘h‘a R ransteps SR Lsfﬁlétiné to layer
1013 prints layer n, with the third spare 25 .10
ong fojl4vEr 1§09 LYt Sy 2 BR9. PO By pseRcs %%b&?‘@é%%ﬂdf gontinue with

the i relatin,
the @Sp@é%{n&%& of% otgaﬂ é'[g’rro?;f( af’ﬁél? ulgt? oge eac %c;/rgs?&ig daja relaing
to er aréeerlsn escracor?cI da am slf]e§1 F'@H %tcorgﬁlengeﬁt %}eé@iﬁ&cﬁﬁﬁ%ﬂuﬂtiﬁe@uﬂy with the

ecause eac ayer group holds data relating
ﬁrgtcl?ra.nsl"e\lNﬁ)Zi’j R dn G thth feY:eihgto edlick BldrdIDEeRfing@dn Ithay@ﬁcug bfthHdata link 1016,
hat occurs whilst the data transfers occurring will
th@é%tzon@ 8atd tAhAdr may REfeRddiuikg tHe Girst tragjiférdaskOmpletsds Digwe 1 showstipdayer data
transfer of |layer data as a result of the failure of
in iR YR or ktore{of 18 Beri gBoups after the two data transfers have been completed.

Whilst the first data transfer is still occurring, layer groups 1009 onwards do not hold a complete data set for
an upstream layer. As such, if a fourth failure were to occur before the first data transfer is completed the
system has no layer redundancy. However, as soon as the first data transfer is complete all of the layer groups

will hold data relating to the current layer being printed and the immediate upstream layer, so restoring data
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5 still occurring when [ayer group 1003 fails. Thus
data transfer 1022 is still occurring. A third
WO 2avaeaoes signal 1024 is generated and sent PEI/aUR004/000023
active | ayer groups downstream of |ayer group 1003.
Layer groups 1004, 1006 and 1007, now mapped as | ayer
groups four, five and six are not in the process of
redundqpbyafor ang fatlart AV hen the lsaprd datpristrsfescompletescthesysgmis Fstoned G dpyoe
commence printing |ayers three, four and five
redyndagiopefer, v &ilyres. Al t hough mapped | ayer groups seven to n
are in the process of replacing data in one nenory
Thessf(;&lhﬁ:-an thbheypaditawalameadycuing th thenink @ takesro iynsiiadaa rélging to one layer
the i medi ate upstream | ayer. Thus, |ayer group 1009
betwdefi taa yer BIESIT gadta faulkk boderdngegs tequirkd jtdymesglia mattetnd proviging wore memory
| ayer group holds data for |ayer seven, all the m%y
in chdhrlayergub.oA ybtem inhihicH cash ke erpuplean stor feitrelainedet leygts yill fegple to
| ayer n. Thus all the downstream | r groups already
confeg gop i | RlBies 5890 TR BFTISE P Y RGP EATOPY Iperuss.
printing the upstream | ayer whilst the first data
If thelnaSek 6f spakORyrs i grédidr thhn D Cambervgspar dhyergraupssiesspibt adffct the number of
only an advance signal. This is shown in figure 17.
“sidhftasausa hétirts than aky dems before tataoirpnifer hpswompleted: Hovepy) te wimbpfet spare
data in each Iayer‘groug inrelating to | ayer n%% i th
layérfgeuips does|effeqt fhg cumpylapiveyumberpliailups thafapy heypegomupdated hgioep the,
figure 17 layer group 1002 transfers data Ll..relatin
magugicfugigedine ne5po P?:)S%rpa‘iilé’? a ij’P‘B‘IB’ﬁJ %’6‘&3‘“6%? L7785 ﬁaﬂ%‘ﬂ PILE‘)%BQ ot layer

onwar ds, now, ed as layer. arpu '

oG R R RS Dot Y PR B by B0 o e
| ayer group data still popul ates one of its nenory = |

In th¢ owbediment sowd &t figuree] 040 18wy of theylayes groyps pre |1d39té;9]s\gv1ﬂrﬁ§émes of identical
second data transfer 1026 js comenced, preferably .. = .

spagrdavigy FPURY) atél}eﬁﬂwgwads?f)}hew {aﬁer £1980- Shere 2 p {iucP?n&ﬁlgfi o5 0o ave a
1022, to transfer data.relatin o.earlier, | r .

B " ABALT Uy B Re AT Pl TR 5 e ofsmalr
second data transfer v b ' ' o are

o SR b Eh el b ALY O by S e

iddnfat R8nil% 5oy, sorhyRs &Ips ﬁnz@%e hRMES at BE @(H;ﬂ@tre&’fx ERIof EJ&EloéiM production
data transfers have %een conpl eted. Wiilst the first

linD BHaBetbre @RSER b theSneRldghchl pRAbH i Jt will al€be APpredidpal tihO0Dn-identical layer
onwards do not hold a conplete data set for an

grdup By RAela dyQTerouf\So Bhicds the rdplacenfeniuy dapwbleaf hrinrieg allof e myerials printed
occur before the first data transfer is conpleted the

by 2 feldhpneigs AN skanples layeegrowps Satcoply PRI WBS/S 7o merialy e by geplaced by
the first data transfer is conplete all of the |aye

dogmstreAuslayenrpyps He|cap Reiat iebs wateiels g lopeasthreiab pAiAl oy de st oo,
being printed and the i medi ate upstream | ayer, so

In FHR S{sRi dB@riktatadl layéd Zrol caOQi! 3HAAP mdRGh/14&IR BDH4BH GB2Be cases odd layer
redundancy for one failure. Wen the second data

grbub @S ret be@blapl peibiesentldyers sndsvaayererqupsshaymeide ele faguntag layers. An
redundancy for two failures.

example of such a case is where voxels are arranged in a hexagonal close pack arrangement and odd layer

groups are physically offset transversely relative to even layer groups.

In this case when a layer group fails, the next layer group would not be able to print the previous layer and
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The system can thus cope with two failures occurring
inthe tine it takes to transfer data relating to one
WO 200106290t ween the | ayer groups. |f greater fBUI/AU2004/000023
tolerance is required, it is nmerely a matter of
providing nore menory 5 in each |ayer group. A system
i n which each | ayer group can store data relating to i
neeld gnhemepnei bit. Thes, Sbtxemple ifdeynt srovp dvelibnbolfit 4nd ydr giohnsixegould be
occur in the time to transfer one | ayer's data between
mappsg eitt- Lgyes geep. seyep wokbhenprpdpyenive apiiever gropp sigly would genprinplayer six,
than i, the nunber of spare |ayer groups dqes not
sndigp P iyopid RGN B e SR 0 Py R0er PP O R o Ay R gpere Lover
gro%cr}a%){eﬂfi g% {eglérg% t?) gl:'o%iid% t;i/leg a!lr?aﬁf ?trg ﬁp ;%%Vl oglgpalg% ]tgugngr%er (?Ea\ggr\és? i ‘foll%@g that odd
o B N e B ol Bl B 1 B0 0 P R ST e v
ThisHay@r gﬁ&lﬂ b vl SRk RINBY to f1dbrs e D@ AN A pSH frdnfthds@8lfferences, the system
printhead or |layer groups. It wll be appreciated
wotilB @nctioR idpitiaAlly kit ids@ibedinber of spare | ayer groups
maybe much greater than three. |n the enbodi nment
shown in figur . ) .
e s A e

ondlr HIRS2iRE vikt tﬁﬁseq ‘MQl%é ﬁ@@é%l,e&q oplilorg ﬁﬁedrﬁgﬁlek A¥e r&hid Kor printing of
Where a production |ine does not have all |ayer

carBdr QYRS Als 08N L2l Boup Hat mbhdry folBuliMIRRE] 10 PelsiblO@tinifaiRti@H)6x at other
production li1ne my be treated as a series of smaller

timds5 tol dowgintir|if therpaiditicat isoipable oipsintpilg ait thel lagancheldiin ieentbry, hat just the layer being
whi ch the | ayer groups of each |ogical production |ine

prigede Thei [ejerdroup aey thinrholdhistusilag fexthieother laygm indichting whethgr ibig papable of
may be |located at the downstream end of each | ogica

rriggdaeti on |ine and before the start of the next
| ogi cal production line. It will also be appreciated

If d thiite cuRGR arotl@iptithead thhtayy@ires (G NayerRrdiB prittfallaeehagit tagiyd the layer
group, so long as the replacenent is capable of

gropp inayt iemgptl but @f well Higfferrivelg rhisatogld paselnih &b sinpritanedve foflered tha needed to be
| ayer group. As an exanple, |ayer groups that only

acqominpdated s sesh itmmapbadgtieablp telingreasgtheipamberpfi layere beldyiyp mpigory by each layer
downstream | ayer groups that can print eight

E%MAterials, so long as the eight materials include the
first two. In the system described, all |ayer groups

It ViR Be gppictiftedatnt thisedthria hah tie\petantaby exigce thelowwabenaf | failures 'spdrience the
cases odd | ayer groups may not be able to print even

nuhigey effsparalagirsasaeined|baiyabihe gme eppeosprefyeqniong hee mbshay togropidé the same level
odd layers. An exanple of such a case is where voxels

of sipeltapgopschyfdrreduadagesfalltdeespiss- cl ose pack arrangenent and
odd layer groups are physically offset transversely

WHiY td prasént inGenfonits Hedhytederifhd O4ith Sferedle td femicihdict@rals@cevfritingmicron sized
| ayer group fails, the next |ayer group would not be

voed| ieis tacbepppirqeiated thet tprimeition s nbtdiynded ta fhe primti8g daices described or the voxel
2004/ 062925 PCT/ AU2004/ 000023 need to be mapped out.

sizgtvgssribef] GYimiasd ilst prefesred| foppe ptilige #baws 19G0\peparaigsybysteyperfiayprgroups, the

and | ayer group six would be
invention is not limited to systems having this many subsystems or layer groups.

Technologies currently exist that involve the (random) spraying of molten metal droplets onto a former to
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mapped out. Layer group seven would then print |ayer
five and | ayer group eight would then print |ayer six,
wapa4meoeh. Thus each failure would require theCUAB2008/000023
two spare | ayer groups and so twi ce as nany spare
| ayer groups would be required to provide the ability
to cope with the sanme nunber of failures. It follows
ford d1dalIRA6uchird (e 1S Pate Dloss A4 fotao examla): & iy veifbintherseppe pf the invention
odd layers and even layer groups will store data
to pitir@ brxtttiervgsetdepogitdzppldtsenf @pfels havma ang %qpélfs S@P&Eﬁﬁtlsfﬁbm that ofyr @
data relating to | aye % ¥ %ﬁﬁ bi {
semicpranetor giafefiaky and gauch %r dg%t%*nﬁm % s %‘ﬁ praccts:
identically to that described. As mentioned
MarufRMi 5t Yre cdt P bihsiveRendya beglthte Thorosghcetissh [Erbquynﬂy then
print material for one |ayer despite having one
wm&n&emﬁﬂsmaﬂmh@pmmnws@dnwa@ﬂkéyﬂwHGMév@ﬂmmﬁﬂ@mﬁ#d%ﬁ@énm“
failed nozzles may be required for printing of 10
finishect irddests fodyprpdioed/dthat R n¢ed o8 OB RettiF ras menory for
multiple layers, it is possible at initialization, or
Pref@&ed%tnb&ﬁmén{s BESe intctichbRnTIvaR1s iof matdrial that am bubgamialiyshe same size,
capabl e of printing all the layers held in nenory, not
inddpek@ibnt biGcatichypeattrél. Myere i9 plsad @l fo oﬁh@laﬁ@%be@fegtupxﬁwd ‘droplets’, i.e.
then hold a status flag for the other
each Motbldabistrgptedfors ewred ‘droplet’ @falyﬁbﬁlemﬁfndmé P %? Prﬂﬁ“’% PREFR Pqrfions may
a failure occurs in another printhead_that qfézf ihese may be
not nged td by peogtucedt to the sames Gaptiessy sugh 38 E’i‘? Bylk {aﬁeést Ofla fas?% ﬁs’r% he Y
| ayer 15 group nmay_ be .
oo g e LB A ROREY RORE A gy i B bl e
neede iple standard’ size
e R g%%q?%féﬁaeuﬁ%%rsﬂﬁ%séeaygé?’imﬁﬁi“
vogﬁnnry by each layer group. It will be appreC|ated
hat this scenario has the potential to reduce the
nunber of “failures' and hence the nunber of spare
| ayers required but at the sane expense of requiring
nore nmenory to provide the sanme |level 20 of
simul taneous built in redundancy/fault tolerance.
VWi | st the present invention has been described wth
reference to sem conductor devices printing mcron
sized voxels, it is to be appreciated that the
invention is not limted to the printing devices
descri bed or the voxel sizes described. Simlarly,
whi |l st preferred fornms utilize about 1000 separate
subsystens or |ayer groups, the invention is not
limted to systens having this nmany subsystens or
| ayer groups. 25 Technol ogies currently exist that
i nvol ve the (random) spraying of nolten netal droplets
onto a former to 44 WO 2004/ 062925 PCT/ AU2004/ 000023

—
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forma netallic structure (see US Patent No. 6,420,954
for an exanple). It is within the scope of the
WO poo@o6292h  to print or otherw se deposit dr opP@L/auad04/000023
netals having nelting points significantly above that
of sem conductor materials and in nmuch | arger drop
sizes, for the formation of "“bul k' objects. Many netal
cLRRfECts are cast or otherwise formed to a "rough'
state. The rough casting is frequently then 5 subject

¢ | hi Al i . t stem including a
11k B iep gt et B RRER B oL B Bavbfic ytem including
] intin; . a shudl
plurgfbtg %fspma cﬁ?% ?1% %gttexﬁ Fé:? E& 16 QM & U\ﬂxﬁdﬁﬁﬂgl y%xlg Simiee oI

efred enbodi nents of the invention

produce voxels of material that are subst a}nti ally the

2. sanBbesysea of cigylepheriarnre tean PRSP B WREEICRY: ~ Ther e
is also a one to one relationship between voxels and

3, dr opd s@dien of chin€l wheeaipluvaisyek otjsts e risultaretuedg prfiedone
cured "droplet' of material. Depending on the product,

4 CCT IFQI st mogftcfa%bs W] , wikn @&ﬁpleﬂ:ﬁ% ij%ctp fre Elfbggﬁﬁlﬁrqqeh&alt. he
same frheness, such as the bul k | ayers of a casing.
Accordingly these may be forned of |arger. draplets, of .

5. Tt @ s OCAISEOF WheTE i B Bregibet e e dpyg et gpsoust i
printheads printing the sane materials but in

fOfd‘ilfafté?Pee‘Hftferﬂ’i??}‘ﬂ)“%i zes to produce either “super size'
voxel s or nmultiple "standard' size voxels. 45 WO

6. 2004hOGROR5 cCRET] WIRBTAAGHIE0RE onlCpringsipBst ar. all af  pdgtgrmined layer.
di nensi onal object creation systemthat prints objects

7. | ayef, %MZ%’J] §6%km 1 bRSeisY fégs@éﬁe'l@&lhh’ﬁﬂt Bt #vo differdhtadatetizis. Of
pri nt hea s, the systemprinting at |east part of each
of nultiple |ayers si

| t aneousl y. e St f
8. | ailhs ystmefolinh ! wiren %ﬁ%onf%@erllsé%'é‘treébya%ge asﬁﬁ’\x’ﬁ) %%Elga@s per layer.
simultaneously. 5 3. The systemof claim1l wherein a
9. pl urras dyktym off clapipj eldrein the minthpaduidre mkietpusthspdpr i nt ed. 4.
The system of claim 2 wherein, when conpleted, the
10.o bj e[%g %St% &t CM $ LRk lﬁé }Ldﬁth%ﬂ@ b kel linkj e5prinf5@dis Shyb Siful@heously print
claim erel n each of the layers that are at |east

iP@idh bl WjefE. i Nted sinul taneously is for at |east one
different object. 6. The systemof claim1l wherein

each_ printhead only .prints. par :

g edeb B RGP Ry bk my PSR L B ot |
wherein at |east one layer has at |least two different

12mat et sistsm oclaitf A dnclyjing antiraity of largrorpsariel aTeherap ifeliding at least one
one layer is printed by at |east t ay‘g&tgetor%eads per

prilnﬁgpé;e_ach of the layer groups configured to print a different jects.

13. The system of claim 12 wherein each layer group includes a plurality of printheads.

14. The system of claim 12 wherein each layer group prints a plurality of different materials.
15. The system of claim 12 wherein each layer comprises rows of at least one material.

16. The system of claim 15 wherein each row comprises voxels of at least one material.

17. The system of claim 16 wherein the voxels of a row are created simultaneously.
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9. The systemof claim1l wherein the printheads are
i nkj et printheads. 10. The systemof claim 1l wherein
w0 b4p62923 heads are fixed inkjet printheads abP@&r/AvG2004/000023
simultaneously print the width of the objects. 15 11.
The systemof claim1l wherein nmultiple [ayers of the
sane material are printed. 12. The systemof claim1l )
18. i nchudiemgs elaipbdin elhimtlywherkinjezph &ayer drdofigsd by erfurtlity ofiyesels amanged in 2
group including at | east one printhead, each of tpe .
regulea sy augt whepin teeonkdlsp packileyes arp prinid s asdp beralipet By baffz el tgiptive to the
t he objects. 13. The syste f claim12 wherein.each
voxplegfadiacsptdayprs infdiry eiEsstioy ﬁoﬁe‘iﬁ’?‘]&iﬂfat’%}m BYPRFFIE ﬁ’etgeo‘lg?q d‘i"ﬁ&"“ or both the
The system of claim 12 wherein each |ayer group prints
ﬁm%m§FHPQFW??m8f different materials. 20 15. The system
of claim 12 wherein each |ayer conprises rows of at
19. ] eadisysemes psited in aleim ITvhereiifee peyheadypreonfienssd enaplopring pipt least
each row conpri ses voxels of at |east one materi al
twoHiffereTtreatasipls inahleast ong [2¥%m 16 wherein the voxels of a row
are created sinultaneously. 46 WO 2004/ 062925
20. PCT AAWRR04 b 08002 Blainl BuheAinsyesiriatradsaredoafigned suchthatlaglpast ope of the
whereln each layer is defined by a plurality of voxels
lay@s tha@ytg @ehtédrwii a firseguif anterdaly aag at dnaet onngherndfthe ddyers mapsds pentesfwith 2
each layer are printed so as to be offset by half a
secydxetlof matrialsiapé to the voxels of adjacent layers in a
first direction, a second direction perpendicular to
t he ohiLis the Bist B8 bk séarddt the e first and second
directions. 5 19. A systemas clained in claiml
wherei n the printheads are c ' ;
21,00 T g BB FEkg | s i P SpSfheidds SRR R oo fit prinhad
east . one. | (I Efﬂﬁﬁﬂvalil edohfiudd & print at least
tha%/\?] lé]?lglllyncoﬁ%g% ?)ip H?%glgaéﬁpag%? fg%?]a??éﬁﬂregd suc hyprt hat at i

pm{gg§&mgﬂ%mpf the layers may be printed with a first
set of materials and at | east one other of the |ayers

. may be printed with d set of ' , cinthea
22'\/\:1’% rpeqyﬁgne 1|1§ }am?efi végltc‘ia% gwléezeglg egsystg’ elS cgnﬁgurn?dgcg gr{aﬂ!& Rileal que ﬂ}Q printhead

sets ar n e sane.

1:haf2 1%' ma:tgwfs %681& & 2?8 %tspngtl a@fle p(Art iopa %Lt%[y{:p t&bemaﬁ‘y &J%ﬁﬁg%.ﬁ@ Io t at least

0 enable at Teast one first printhea

tedoSibil i@l |y configured to print at least part of
Pm%&%ﬁﬁég”hgyer to be dynamically reconfigured to print

at | east art of a secaond | ayer . e
wherein if aI?least one printhead initiglly con%%ured to print the second layer fails whilst printing said

second layer, said at least one first printhead is dynamically reconfigured to complete the printing of

at least part of said second layer.
23. A system as claimed in claim 1 wherein the system includes semiconductor memory and
wherein data defining at least one layer is stored in the semiconductor memory.

24, A system as claimed in claim 1, the system executes a process, the system including a plurality of

subsystems, each of which performs a stage of the process,

each of the subsystems configured to perform one of a first subset of N of the stages, where N is
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22. A systemas clained in claim1l wherein the system
is configured to enable at | east one first printhead
waoohero2s s initially configured to print at |BEFAUPERD00023
of a first layer to be dynamically reconfigured to
print at |east part of a second |ayer, and wherein if
at | east one printhead initially configured to print
t hegrsaee Gl dnd yoeshankatht gagaf thawbsgitieins pergroed ogrecein eis fhenee
| ayer, said at |least one first printhead is
dy niastivetoh] y reconfigured to conplete the printing of
at least part of said second layer. 20 23. A system as
cl ajyhRgh, infheGhait Mt bndMTeHe Gibaysieiefaity st le@shondvd the chesining subsystems
sem conductor nenory and wherein data defining at .
| easjhchedneusly ayogges iogpesitrming theiraspettive stegeref the iledsutsystareripy) requiring
24. A systemas clainmed in claim1l, the system
ex e tansfeof detayelaiins i respdgivesings te e pairkat [5ert pRg "amasing supsysteys: and
of subsystens, each of which perforns a stage of the
Pr 0GRS suBRER cRhgds et s UBRRntcaR] thesisted rdmfipessfiersuhsystem to
one of a first subset of NI of the stages, where Nis
A7 VYRapH04E REAARy aRETANUROOY oOBOGRES wigredh el N, thimg the $ame number of
and to change the stage of the subset being perforned
on steeei pt of a change instruction; wherein, in the
event that one of the subsystens fails, at.|east one
25.0f ?@%té_h?a‘gahi%%@ﬁ RHPEMQLERIER leat WRACHHGEAY) Shiteif N ARIGRISthda0 is actively
pertformng the respective stage of the failed
maSBPSYS b 81 thpeRRkitand £6tind bfiGheadis hdtigdtyshautainekl aChasb@nd temperature.
relating the respective stage to the said at | east one
remgi ni. ng subsyst . | : intin
26 por POPHTRG SRl P e A0 b FUOSHE L AL 0 SER b s prnting

bR of RE p&ARaR bENRAS 2 RESnH BidTid) Ghedirs @GOIMMbeing cured by
aﬁéﬁﬁgégﬂﬁg§%(g¥he(gtages mhgre ? aﬁd ﬁQ have the sane

a ARSI o the sSdoB@BSerialRing AurSd/tHta8EtoBmetHod hitiatherein thelfisst amd fecond
including a | east two printheads, wherein a first *
mefbdstclierebnl S actively 10 maintained at a first
tenperature and a second printhead is actively
mai nt ai.ned i 1 Bl S Brintie8d fofprddhSl iABri@So create a
27b|aiﬁ¥%m?ﬁ°% §?ﬁ%%ﬁ?ggfu§|%gea Iegg% tmgp%rintheads, a
pﬁ&&gﬁ&maﬂﬁdOf the printheads printing a first materia
and a second one of the printheads printing a second
material, the first material being .cured fi .
B LT R A L S L
et hp%Idlte(? \ghqlstm(% I%ellsponte Iagnﬂ];elac[ p’i&ts %‘Bro%&? on d

28. A system as claimed in claim 1 including at least one object incorporation device that incorporates

non-printed objects into partially completed product, the non-printed objects not being printed by the system.

29. A system as claimed in claim 1 including an object incorporation device that inserts at least one non-
printed object into at least one cavity created during the printing process, the object incorporation device

incorporating the at least one non-printed object into the at least one cavity during the printing of the

respective printed object.
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methods are different. 15 27. A systemas clained in
claim1l including at | east one printhead for printing
woraioen6xkst o create a printed product, and anPGABR104/000023
i ncorporation device that incorporates inorganic
sem conductors into the product being printed whil st
the at | east one printhead prints the product. 28. A
305y s tAcwstansasclamiedicklaim 1 @iblading a1 ledshenk priitheep that prindselqctrign) @onnections to at
obj ect incorporation device that incorporates 20
leagtone-qbieptrncagoratpd mdieeradittso partial |y conpl eted product,
the non-printed objects not being printed by the
system 29. A systemas clainmed in claim1 including
an obj ect incorporation device that inserts at |east
one non- printed object into at |east one cavity
created during the printing process, the object
i ncorporation device incorporating the at |east one
non-printed object into the at | east one cavity during
the printing of the respective printed object. 48 WO
2004/ 062925 PCT/ AU2004/ 000023 30. A system as cl ai ned
in claiml including at | east one printhead that
prints electrical connections to at |east one object
i ncorporated in the products. 49
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