I NKJET MODULAR PRI NTHEAD Fi el d of the Invention This invention rel ates

a nodul arwirdgantidsgad. More particularly, the invention rel icqsadodnie
assenbly of such a nodul ar printhead. Specifically, this invention rel ates
to a nmet.hod of assenbling a printhead. Background to the Invention 1o The
appl i cant has previously proposed the use of a pagew dth printhead to

prmwwﬂwmmmhphhchqual ity printing. However, manufacturing such a ]

pa ea i r ematic in the
sense t.hak... i f any no@!?iﬂ(??f%ﬁ%ﬁmgp?pgg@ng@dﬁw entire

print head needs to be scr t he applicant has
.proposed the use of a pagmﬂﬂg@mﬁﬁﬁ%@%@@ of a pl u i

smal |, replaceabl e printhead nodul es which are arranged in enﬂ@m mmmm’m
rel ati onship. The advantage of this arrangenent is the abilit

vand repl aFieldnof thed hvenronodul e in a pagewi dth printhead w thout *hamdsng to
scrap the entire printhead. It is also necessary to acconmpdate thermal
expa@si on of tHas invantiemigtatesip auneklarprinhead sMerbpartiedady ithasmvenionhe

pagew dt hrdmatmbhﬁ@&ksérﬁb@rmm ehlihaﬂul AR, @?é&h&alwmmmhﬁh&%ﬁaa@tda
required al Iﬁ%g nt vm each o%(i] unmmary of the I'nvention According to
the i nvenieBRdohassemp "%PBW@S a method of assenbli ng a printhead, the
printhead having a receiving neans and a plurality of printhead modul es
arranged end-to025 end in the receiving neans, the nethod conprising the

st eps of mkgrompidatd me(mvgnt‘iuhacturi ng of the receiving neans, testing

each bay of the receiving nmeans in which a nodule will be received to
det &fnmi ne a nehhefappticant hes prviously Prapesesibe bid ofax pagawidih printhcadiayprondds ect i ng

a print hegghiomalieqliay pendaraiaat t%%rmacmrf@%cﬁa RSREH dn Rl A3

whi ch corrﬁ_lgnsat es for ecel V] nmeans
which it Hgdequen depensiqnsds prghl?maﬁgé?Ehieﬁen%'éatslé%)cﬂ%@lep?ﬁtm a@aaeqdnﬁo its

asso;:i at edquﬁWeQﬁlebhﬁrerlﬁﬁlﬂie‘ﬁdlﬁ&d@‘&@ﬁéscrﬂiﬂﬁdﬁﬁﬂchﬂa ay InCLiUded ialfter

nmanuf acturi n ea u rlnt a e, to
fotor o ne |19 S8cnsBhly e BRSO BrodoFed 1bF Usd ite MRl Ry PR it s
mar kisng eathplusdityeof somalhrdpdadatie phnhhba:l mradtdéawhmmarfgarm‘nfgscém end-to@nd2/ 3538
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nodul es havin e sane na act ur|n I n a storage ‘zone.

Then, thed%ff’@p/edﬁo@léq v@catmgwdﬁléppnmm%é@%apnatman e lenide priahsed.ng t he
?ﬁl ect teﬂ pri ntmﬁaﬂ?dﬂc}ééﬂsﬁl’yftbg&dnﬁrﬁod%%sﬂhgmw d?@ﬁintdf(?lﬁb 1'n81v1idi%1 mb@dlggm zone.
e netno I NCl ude usli a S St anal ocess O ensure use
of a ver ycheé%s @%fmwnsﬂ%%ew@mw eaﬁﬁe € *@ég‘ﬁla‘ﬁé‘F mageles mamtain
factzo by tiee reduitelalighraéntsiiticedch atiel.ysi s process, al nost all the nodul es,

if not all, will be used. The statistical analysis tool used may be a
central limt theorem Brief Description of the Drawings The invention is

now descrisl&tmn%ywthoef nﬁ%ﬂ%ﬁ wth reference to the

According to the invention there is provided a method of assembling a printhead, the
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printhead having a receiving means and a plurality of printhead modules arranged end-to-
25 end 1n the receiving means, the method comprising the steps of
upon completion of manufacturing of the receiving means, testing each bay of the
receiving means in which a module will be received to determine a manufacturing offset
from specification for that bay;
selecting a printhead module having a manufacturing offset from specification
30 which compensates for the offset of the bay of the receiving means for which it has been
selected; and
inserting the selected printhead into its associated bay of the receiving means.
The method may include, after manufacturing each printhead module, testing the
printhead module to determine 1ts manufacturing offset. Further, the method may include

35 marking each tesled printhead with its manufacturing offset.



acconpanyi ng drawi ngs in which: Figure 1 shows a three dinensional view of
a nulti-nodule printhead, in accordance with the invention; i5 Figure 2

shows a tWpee/sgksgensi onal ,

expl oded vi ew of the printheadpef/Atiogdinzl;
Figure 3 shows a three dinensional view, fromone side, of a nounting

menber of a printhead, in accordance with the invention; Figure 4 shows a

t hr ee di nensi onal

Figure 5 shows a three dinensional view of a single nodule printhead,

accordance with the inventign; Figure 6 shows, a hr di mensjonal , expl oded
Tiow of the prThREARS BEY s e e s Ed M hEAm S P i G 514 ho
print headmﬁufé&tgﬂngoﬁset Ei@th’eeirBa stbegs zanes i Thenvthe wlepfof eeteaing tsd pientheald t he
«print head k i ' fr a 0 si de,
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of the pr|n

Fgure Shows  a

vi ew of the nmounting_penber, fromthe other side; 20

in

prlntheadnuheﬁpg@550$3 Figure 11 shows an end view of the printhead of
vFiguge 5 Figupg xfx(&héé‘ﬁl% 1&1@&%55&”94tat?sﬂéal‘éh§l 319 r&c@ﬁs tB%hélIr@E&dof%fver gure 5

taken al ong |ine

ure 7 oWws a sectl ona

vi ew of t }@ébegmmﬂ%@fdh%moﬁmlg&r fsanpéerz@ﬂ bah@/ﬁg that re fagt by-uge pf the statistigat

Figure 14ar$a1|_b@ YSpracds§affod iaMBASTBAaks, it N SWHEbe/hRW The stalétical £HRAG:s tool
ure 15 sl’\yl bottom vi ew of the conponent, illustrating
&%"Fﬁ “B‘rt

conponent
schemati c
35 Figure 16 shows a three dinmensional,
assenbly,

IHE St

including a printhead, in accordance with the invention.
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The invention is now described by way of example with reference to the

accompanying drawings in which:-

schematic view of a printhead

elO

Ui to a printhead chip of the conponent; and

)

Figure 1 shows a three dimensional view of a multi-module printhead, in accordance

with the invention;
Figure 2 shows a three dimensional, exploded view of the printhead of Figure 1,

Figure 3 shows a three dimensional view, from one side, of a mounting member of a

printhead, in accordance with the invention;

Figure 4 shows a three dimensional view of the mounting member, from the other
side;

Figure 5 shows a three dimensional view of a single module printhead, in
accordance with the invention;

Figure 6 shows a three dimensional, exploded view of the printhead of Figure 5;

Figure 7 shows a plan view of the printhead of Figure 5;

Figure 8 shows a side view, from one side, of the printhead of Figure 5;

Figure 9 shows a side view, from an opposed side, of the printhead of Figure 5;

Figure 10 shows a bottom view of the printhead of Figure 5;

Figure 11 shows an end view of the printhead of Figure 5;

Figure 12 shows a sectional end view of the printhead of Figure 5 taken along line
XII-XII in Figure 7,

Figure 13 shows a sectional end view of the pnnthead of Figure 5 taken along line
XI-XIM in Figure 10;

Figure 14 shows a three dimensional, underside view of a printhead component;

Figure 15 shows a bottom view of the component, illustrating schematically the
supply of fluid to a printhead chip of the component; and

Figure 16 shows a three dimensional, schematic view of a printhead assembly,

including a printhead, in accordance with the invention,



Det ai | ed Description of the Drawi ngs PCT/ AUU 1 /01322 A printhead, m
accordance with the invention, is designated generally by the reference
nuneral 1Wooibkses3pri nthead 10 can either be a mnulti-nodul eppijAtiopesds as
shown 5 in Figures 1 to 4 or a single nodule printhead as shown in Figures
5to 15. In practice, the printhead is likely to be a nmulti-nodule
printhead and the illustrated, single mpdule printhead is provided nore for
expl anati on purposes. The printhead 10 includes a nmounting nmenber in the
formof a channel shaped nmenber 12. The channel shaped nenber 12 has a pair
of opposed side walls 14, 16 10 interconnected by a bridging portion or

fl oor portion 18 to deflne hannel .20. A plurality of printhead
~conponent[§eﬁi %Peﬁ&mtmnﬁﬁdﬁpgﬁr%wmgﬁes 22 are arranged in end-to-end
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angle relati've to | ong %lna sides of its assocfated til

facili tat%‘“ﬁ?@déﬁvdﬁlh@ b&é’ﬂW@é‘rﬂ“@%‘i“ﬁW?%‘%ﬁ angtpa Haktraied waglomodeige angl e of
overl ap %Hnm@@dﬁmoﬂ\d@dh@ﬂg@f@ﬁplmm%l Regsacent chips 26 to fall on a

comon pitch | es of the nth d chi addi tion,
W1 be appr edepaaMeHh{0 MEfRSS maynbheBRbR G ERihe Sainst SedFdcent
tiles 22 mambdr a@p*nhg chavmeihapahmembert 12 lods aZminufioppesdd mketvm‘llsdﬁpbﬁar S when
the I ss the

pri h heaﬁﬁtfkf%n%cltéghgﬂd Q-ngﬁ)ﬁ aé %frtd?gﬁf ﬁOéﬁI%hlﬁgnneldeﬂﬁéﬁ E&n%ﬁ%ée)rs 12 can be
arranged in eddplprlibnef rriadiend nom@omgﬁdhq foem|of rmgzduleéfor tites 2grarnamanged 10.
For this ;pUp@esend @smbﬁ 91 tﬁgcﬁmem 6&%%%& Papad In@ﬂbéom Figure 4) are

arranged at o han d nenber 5 and. engage
with corr espo%| ﬁbsnia@fjn%ﬂcgé‘ H a %I‘Rﬂﬁﬁ)e"%fegéfﬁ‘ %féﬁoa%%tnf"' emadiaeant Bkaped
menber 122 aTélBﬁt&dstbgdtlh@dnmtb '&Iit!: panthead bhlpﬁﬂ@bembatlﬁcérhaﬂlestm\ﬂaﬂili| ks of the

head h | e
oz o ol ae apied it TROTURESAL) Boab Golet AT HRist e /o el g ur o
phot ogr aptiﬁuts acpoaiaterdytilp?? it fapidiaté thei everl apbetvaert chipsa26 Fadjdventtilee22. Zbheof t he
b ;
ltoLgt”t alef‘%gér%m ver :Zag;cdi'lro%%é’o@eh' EQF%% Heﬁlréh'alﬁﬁc%ﬁc @9 bﬁ% BE! oD Coribi ¢ @i n
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| ocat i ng thdprivthéaisl®2 i n the channel 20 of the channel shaped nenber 12.
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snap rel apagbari2clip 5 34 arranged on an inner surface of the waII 16 of

t he channel s ch tl a S| S ase 34
associ ated w ?ﬁBSCtSkﬁ%rgbn hfelzﬁw}zrn%ﬁ?ﬁ Atgt (%Fh%a OZ%CS Ofgg Pg“%ﬁgd Pote clearl y
i n Fi gur elimgnsdnstrhensehedin migsompisess H%mmmnslte xhazald gpenimg[Mif gaghencgzlefmayhe

dr awi ngs, A6 ﬂ' (;rel’)zﬁldd?ﬁétf‘ége?o%ngdré ﬁf’notgglj ﬁ‘;@guﬁﬁy?gq%@g §6i5 YRHortR: tHalg 38

which mates wt Irst ding 3 has a
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conductive ri | 38 b ing during 15

t he nol di ng p?‘g{:g’ss rﬁ% hg%ﬁi%&n‘él %g?@ve\nmrbgﬂl‘t%d% r| ca contacts of the
chi §6 26 f@mnﬁmmyé}ce@mg faempuensfoatocatia the tiles 22 p‘lez@awlé’em thglchamet at i on
of the chiRpcfinerhPerabnathe Wo¥atsg fdrhRtibhdSE tHLcHAh&NsBafRHHERbET 1246 mpRke a
connecting control circuitry, as will be described in greater det ai | bel ow,
to the nozzles of the chip 26.
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The locating formations of the tile 22 conprise a pair of longitudinally
spaced co20 operating elenents in the formof receiving recesses 46 and 48
arranged vabongssagie side wall 50 of the second nol di ng 38 etTweiniske 22.
These recesses 46 and 48 are shown nost clearly in Figure 6 of the

drawi ngs. The recesses 46 and 48 each receive one of the associated

| ocating formations 32 therein. 25 Theymwlding 36 of the tile 22 also
defines a conplenentary el enent or recess 50 approximtely mdway along its
| ength on a S|de of. the nol ding 36 opposite the S|§e havi ng the recesses 46
and 48. B#EA bﬁéﬂvﬁwﬂlyw@a@éqnga%wga't‘ﬁéﬁ'wgofwﬂ%h%ﬁ ?Hgnees oF at1BkYed recess
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shaped 4 19caling formajians 33 ?ﬁSB‘f'atgg {P‘gﬁtﬁ%ﬂi tﬁ%fﬁcg%pm}%mﬁr g] ctions
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so that its a888kqvat Bgst gl iim §iemes trat theslrasings eagh WagRyndledes 2fue ¢ her ei n.
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14 and 1gnhfhet 412 Mauctﬁemadzmgdeazoth@%@@agge Yhot mﬁpmtgfmnhgl e 22
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shaped n im Biguse, b of the, (™MeSi nal direction, is accommdated. It is al so
to be not ed t Tibd retéssesdtaandras] eaals eecBideione nbﬁuataeszbcmltccblocaﬁmiglfbmwlloys BZexi bl e
arm 56. % arm 56 all ows novenent of the snap release in a direction
transverse 0 the 20 longitudinal direction of the channel shaped nenber
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34, 46, he 25 alignnent of the tiles 22, it being assuned that
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appl i cat Fesarvied ﬂ@p@él fically incorporated herein by cross-reference. The
openi ng 58 comuni cates with correspondi ng openi ngs 62 defined at
l ongitudinally spaced intervals mthat surface 64 of the nolding 38 which
mates with the WO 02/ 3s38



-G PCTI AU01/ 01322 nol ding 36. In addition, openings 66 are defined in the
surface 64 which supply air to the air gallery 60. As illustrated nore
clearly nwbigguissld of the drawing, a |lower surface 68 hapca/Alodiosdpty of
recesses 70 defined therein into which the openings 62 open out. In
addition, 5 two further recesses 72 are defined into which the openings 66
open out. The recesses 70 are dinensionmed to accommodate collars 74
standi ng proud of the floor 18 of the channel shaped nmenber 12. These

collars 74 ar def ne ncentric anpnul.i t m)verrent of
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annul i . THeCEdl§ a'lnstﬁ‘:?‘ﬁ?ss%'atsedrr%c&%'&g %@gt(') es’rﬁ%n ng%(§ §48 gesgﬁﬂél gure 10)
ext endi ngedethveduny thetrbeess 50 of thegilo22 suvh tb&tanmmersh@p’édiemmmefeaw4 ahwes col | ars
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etTon of man ti i i

Upon corrpl , actare, each tile 22 is nmeasured to assess its
tol erances. THds alse tebe notedihabtheisnarcrsleassidis neqyatqskan 2 restligntly flgxéblp2rm
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of inlet openings 58 defined at longitudinally spaced intervals therein. An air supply
gallery 60 is defined adjacent a line along which these openings 58 are arranged . The

30 openings 58 are used to supply ink and related iquid materials such as fixative or varnish to
the printhead chip 26 of the tile 22. The gallery 60 1s used to supply air to the chip 26. In
this regard, the chip 26 has a nozzle guard 61 (Figure 12) covering a nozzle layer 63 of the
chip 26. The nozzle layer 63 is mounted on a silicon inlet backing 65 as described in
greater detail in our co-pending application number PCT/AU00/00744. The disclosure of

35 this co-pending application is specifically incorporated herein by cross-reference.

The opening 58 communicates with corresponding openings 62 defined at

longitudinally spaced intervals in that surface 64 of the molding 38 which mates with the
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35 maximum tolerance of approximately +10 microns or -10 microns, to provide a 20 micron
tolerance band, is estimated for the tiles 22,



When the printhead 10 is inserted into the channel 94, the conductive ribs
42 of the connector 44 of each tile 22 are placed in electrical contact
with a cofg e@sfaesdi ng set of 25 conductive ribs 114 of thepdwayodAstzy means
of a conductive strip 122 which is placed between the connector 44 of each
tile 22 and the sets of ribs 114 of the body 92. The strip 122 is an

el astoneric strip having transversely aftanged conductive paths (not shown)
for placing each rib 42 in electrical comunication with one of the
conductive ri : : ondi < b

advant age of ?ﬁ%§%ﬁigﬁfﬁgﬁ”t 5?&5E%5?ﬁ%ﬁ§§3CE@QPQﬁ%?QGFﬁggMQEP%Hbﬁééﬂndu|ar
i n nat ur dhatdlgmpansod paraplys fesentpreroBially dstbuted pemwatignase nara!ly n r espect

. of whi ch fiRAMEE A, b0 sARPIESBBGER 1538y, RR h@ke Bf it NePE@RM Hont # pb@itldnt at e

hi gh qual it rinting Ln addition, a printhead assenbly 90 is also able to
be manuf é)(gtaﬁl‘g’étrﬁ’l”“ﬂr? yH?grg{gg%Fhalﬁapp RPRAAMHLT ¢ i | | be appreci ated by

per spns ski | | adother whes,ahé cérial limwthecrers, madohahst @b Sorgil saatistivabidal y8Rf i ons
may be made to the i nyel F on.as h(g in t(glet\?.iﬁeci fg c_enbodi man%g wi t hout
depart i nd>FBRTARE VER'TS B ECo pR SO FOPR FRVRATYHR! BETB B SRR A s cr i bed.
The pr esendividudlited®/  tHeoBPHuRODhALCIA0GRAR Thes dinbiboline pf meanseyilithage #§ ore, to

be consi i el | IL.¥a.and not restrictive. WO
02/ 3538 %%Jfgqanksql\},sé”ﬁ&/ ALB%‘?%’%%%%& %tﬁﬁgﬁévﬁ% of assenbling a printhead,

t he print head Thagsnig! imitdbeqremsipterdhaisregadless pf ihe ahaneyof dhe oiginglhead nodul es

ar r anged dedidbdtRmen dew BistritRitioR Geikink THTRRASS, of A I¥E Floadthe QAR MaPdiBgblifiéh St eps
i.on of nanyfactur,i t,he recel ving neans, testing each

of upon canpl e n f :

by of |t HETMERAL0 R SPSVELALY A e R sRonss AU AOonICUDE FoRBRl tFea Bt Ly i ne

a manuf act ur i hrggemkfat,efarikiite wh bpecdiddsadtheopophition vddan Bhyyld bekqedlyng a
rinthea . i f | ffs fr i fii i whi ch

PonpensatSaeR Bl BYsP fuBpo M AENHL, bR RpleSRhans RO\ AR AL L ap B 1
has been m@ns Shmpteareanantpse inszare simeyld becomg raere edmpranasibaitblarance inareases

asspci at gy DAY thehapeS5ehY UNGBRRASYhich wilRsiTBi P nfthetfibAium-hotky ch
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by -1 micron in the first tile bay, by +3 microns in the second tile bay, by -2 microns in the
25 third tile bay, etc.
The tiles 22 will be robot picked and placed according to the offsets of the locating
formations 32, 34. In addition, each tile 22 is also selected relative to its adjacent tile 22.
With this arrangement, variations in manufacturing tolerances of the tiles 22 and the
channel shaped member 12 are accommodated such that a zero offset mean is possible by
30 approprate selections of tiles 22 for their locations or bays in the channel shaped member
12.
A simular operation can be performed when it is desired or required to replace one of
the tiles 22.
Referring now to Figure 16 of the drawings, a printhead assembly, also in
35 accordance with the invention, is illustrated and is designated generally by the reference
numeral 90. The assembly 90 includes a body member 92 defining a channel 94 in which
the printhead 10 is receivable.
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&(0)-33 1\291412 t%e alr supply ga]lery %2) of the tlles 9 for blowmg air over the nozzle layer 63 of each
printhead chip 26.
In a similar manner to the conductive ribs 42 of the tile 22, the cover member 110 of
the body 92 carries conductive ribs 114 on its outer surface 116. The conductive ribs 114

20 are also formed by a hot stamping during the molding of the cover member 110. These
conductive ribs 114 are in electrical contact with a contact pad (not shown) carried on an
outer surface 118 of a foot portion 120 of the printhead assembly 90.

When the printhead 10 is inserted into the channel 94, the conductive ribs 42 of the
connector 44 of each tile 22 are placed in electrical contact with a corresponding set of

25 conductive ribs 114 of the body 92 by means of a conductive strip 122 which is placed
between the connector 44 of each tile 22 and the sets of ribs 114 of the body 92. The strip
122 is an elastomeric strip having transversely arranged conductive paths (not shown) for
placing each rib 42 in electrical communication with one of the conductive ribs 114 of the
cover member 110.

30 Accordingly, it is an advantage of the invention that a printhead 10 is provided
which is modular in nature, can be rapidly assembled by robotic techniques, and in respect
of which manufacturing tolerances can be taken into account to facilitate high quality
printing In addition, a printhead assembly 90 is also able to be manufactured at high speed
and low cost.

35 It will be appreciated by persons skilled in the art that numerous variations and/or
modifications may be made to the invention as shown in the specific embodiments without
departing from the spirit or scope of the invention as broadly described. The present
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5 upon completion of manufacturing of the receiving means, testing each bay of the
receiving means in which a module will be received to determine a manufacturing offset
from specification for that bay;

selecting a printhead module having a manufacturing offset from specification
which compensates for the offset of the bay of the receiving means for which it has been
10 selected; and

inserting the selected printhead into its associated bay of the receiving means.

2. The method of claim 1 which includes, after manufacturing each printhead module,
testing the printhead module to determine its manufacturing offset.

3. The method of claim 2 which includes marking each tested printhead with its
15 manufacturing offset.
4. The method of claim 3 which includes storing all tested printhead modules having

the same manufacturing offset together in a storage zone.

5. The method of claim 4 in which the step of selecting the printhead module includes

removing the selected printhead module from its designated position in the storage zone.

20 6. The method of claim 1 which includes using a statistical analysis process to ensure
use of a very large majority of the modules.

7. The method of claim 6 which includes using a central limit theorem as a statistical
analysis tool.

25



