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APPLI CATI ONS Vari ous net hods, systens and apparatus relating to the present
i nvent i onware/03678s scl osed in the foll ow ng co-pendi ng applrcaaticenes7ii | ed by
t he applicant or assignee of the present invention: 09/575, 141,

09/ 575, 125, 09/575, 108, 09/575,109. The discl osures of these co-pending
applications are incorporated herein by reference. |0 BACKGROUND OF THE

| NVENTI ON The fol | owi nPRINTHEAD VIOBULE2ASSENBL Yodul e assenbl y

for a printer. More particularly, though not exclusively, the invention
relates to a printhead nodule assenbly for an A4 pagew dth drop on demand
printer capable of printing up to 1600 dpi photographic quality at up to

160 pages [PEY r | design of a printer in which the
¢o ummmu@mem

print head no sse can be utilized revolves around the use of

repl aceabl e printhead ules in _an arr approxi pat el .8' h inches (21 cm
L ong anadvantagdiomeli sRebl a8l aftor e ARRREY RS buRrshioBRe tnd
repl ace amrlyschséditthy eolltdhg &5 pértlivg ﬁfﬂliﬁﬁti‘(ﬁ@dﬂéﬁ bythe applicinverdssighde ofitheat e
having to scrap an entire printhead if only one chip is defective. 20 A

pri nt head l.e 1 uch a printer can be conprised of a "Memet" chip,
being a Sﬁ‘ligg‘l‘iﬁgﬁnﬁ&ﬁmum ed thereon a vast nunber of thernob-actuators in

m cr o- meclpgrg7ss4and o9rs Ty, 125¢! ®ot378Ieghapsak, 199st ens (MEMS) . Such actuators
m ght be those as disclosed in U S. Patent No. 6,044,646 to the present

appl i cant, howeeidiscios@s obedd diepertiidapplitaions aldiifcorpdatethertir bpi Cal
enbodi nent, . el even "Menjet" tiles can butt together in a netal channel to
forma coMfFBPES-8' h inch printhead assenbly. The printhead, being the

envi r%”e'ﬁA&K@h'@)Uﬁ?[fbﬁ?FlE)le ﬁodul e assenblies of the present

inventron are 1o be situated, mg ypically have six ink chanbers and be
(

capable of printi ngl four color process (CWK) as well as infra-red ink and
fixative. The following invention relates to a printhead module assembly for a printer.

More particularly, though not exclusively, the invention relates to a printhead
module assembly for an A4 pagewidth drop on demand printer capable of printing up to

1600 dpi photographic quality at up to 160 pages per minute.

15 The overall design of a printer in which the printhead module assembly can be
utilized revolves around the use of replaceable printhead modules in an array approximately
8%2 inches (21 cm) long. An advantage of such a system is the ability to easily remove and
replace any defective modules in a printhead array. This would eliminate having to scrap an

entire printhead if only one chip is defective.

20 A printhead module in such a printer can be comprised of a “Memjet” chip, being a
chip having mounted thereon a vast number of thermo-actuators in micro-mechanics and
micro-electromechanical systems (MEMS). Such actuators might be those as disclosed in
U.S. Patent No. 6,044,646 to the present applicant, however, might be other MEMS print
chips.

25 In a typical embodiment, eleven “Memjet” tiles can butt together in a metal channel

to form a complete 8% inch printhead assembly.

The printhead, being the environment within which the printhead module
assemblies of the present invention are to be situated, might typically have six ink chambers

and be capable of printing four color process (CMYK) as well as infra-red ink and fixative.



WO 02/ 076753 PCT/ AU0O2/ 00374 2 An air punp would supply filtered air

t hrough a seventh chanber to the printhead, which could be used to keep
forei gn paotworess away fromits ink nozzles. Each print he@dTrawabes7secei ves
ink via an el astoneric extrusion that2transfers the ink. Typically, the
printhead assenbly is suitable for printing A4 paper w thout the need for

5 scanni ng novenent of the printhead across the paper w dth. The printheads
t hensel vednaicpumpiwbald supply fiieradrénitirangh aysevendincipanties td thg priathead whieh m

pri nt heads qf,,arbifrar idth. Additional ly., .a ,second printhead assenbly
can be mﬁ%‘ﬁgae&}ﬁec{tﬁ}%‘b}% lig?gm%lf;%gag yg'on%%splg}’(ngézgﬁs'path to enable
doubl e-si ded hi gh speed printing. 10 OBJECTS OF THE INVENTION It is an
obj ect of the Frdspintheadyeedulereceiyepingvizian elastomeprioedasim; thatieasferdhe e

assenbl y. . LS . OB ' ion.. rovide. '

assenl o FH g ARG nblaBEkselon) {RldWE R b2 AP B RIS e
presens i soadniniganoveiewt oftthe pripthead fead thopapeewidh. a printhead assenbly
incorporating a plurality of said nodul es positioned substantially across

a_pagew dth ingge gﬁ%e% GRS atdWholi@hr, 86 gﬂﬁﬁéad SRR ChSbdonfRlredROCT

m cro-nol ding locating a print chip having plurality of 1nk jet nozzles,
20 t he upfem prircherdsof aibittarineidthg | nk channel s delivering ink to said print
chip, a lower micro-nolding having inlets through which ink is received

froma source afdditionkily, aRdcehdPrihtiagkaembly ¢4 RAhQIREH &eﬂlwgpoﬁtaismetu@mer
and | ower mcro-noldings and having holes through which ink passes from

t he | ower papes fesdrasthdiorrgable dpwkle-gisled high speed prgingp| di ng. Preferably the
m d- package filmis nade of an inert polymer. Preferably the holes of the
m d- pagka@BIEOTSIOF THEINVENTION WO 02/ 076753 PCT/ AU02/ 00374

It is an object of the present invention to provide an improved printhead module

assembly.

It is another object of the invention to provide a printhead assembly having

improved modules therein.
15 SUMMARY OF THE INVENTION

The present invention provides a printhead module for a printhead assembly incorporating a
plurality of said modules positioned substantially across a pagewidth in a drop on demand

ink jet printer, comprising:

an upper micro-molding locating a print chip having a plurality of ink jet nozzles,

20  the upper micro-molding having ink channels delivering ink to said print chip,

a lower micro-molding having inlets through which ink is received from a source of

ink, and

a mid-package film adhered between said upper and lower micro-moldings and
having holes through which ink passes from the lower micro-molding to the upper micro-

25 molding.
Preferably the mid-package film is made of an inert polymer.

Preferably the holes of the mid-package film are laser ablated.



3 Preferably the m d-package fil mhas an adhesive | ayer on opposed faces

t hereof, providing adhesi on between the upper m cro-nolding, the

m d- packaye okioversand t he | ower mcro-nol di ng. Preferabl yPChaAwoppoe74

m cro-nol di ng has an alignnent pin pa8sing through an 5 aperture in the

m d- package filmand received within a recess in the | ower m cro-nolding,
the pin serving to align the upper mcro-npolding, the m d-package film and
the | ower i cPeeferablyithgymivhpackageefiln hes ancadbesive @ItQMPPOFI?Cgﬁ’deQSé r9of, he

inlets of the.lower m¢ro-nnldin [ 6 (o) rsi ereqof. 10
Pr ef er abl 9f°sv ilc;%n%\é@}fs}loﬁl%g serégrﬂge ‘H&S@ﬁéﬁ%‘g@ﬂlﬁh@ﬁ% gﬁ%‘gl?algﬁ Iﬁsiil% ané’:a’eef@ggﬁl y
t he | ower nﬂh@hﬁolﬁﬁigdi ng also includes an air inlet. Preferably the air

inlet includes a slot extending across the lower mcro-nolding. Preferably
t he upper mcreg: I i el : i I ts on a
backi ng | ayer gﬁ%ﬁgbg‘?’? Wkﬂﬁ‘gﬁ rﬁélld@rgg@ é?ggﬁ%@ﬁ%B%?géhﬁgwrﬁ} s made of
silicof. Bpetues mthy ntibdpagiagafimadd redived within & ercessamphid Ipesr micreinaddingeri ¢
pad on an edge of the | ower nicr_o-ngl@f',ng. Pﬂr'/"f?‘{eer bly_the per and | ower
mi cr o- mol HERIR S%W’é‘gr?%a]ég‘b‘\rﬁ%&‘i’a‘%fi’alc@' dine g rifspac &%ﬁ%ﬂ} and IRy Er ab y an
upper sur hage Qb1 HARREy 4k GbRdsbgEiRg. has a series of alternating air
inlets and outlets cooperdtive wth capping device to redirect a flow of

air through th upper, m cro-nmol di ng. .Preferabl ach .printhead. nodul e has
2 el astomeri ¢ PrAta heimitital Be S micteem Sl At FgteaRRg D PRESIRoat oner <
pads bear ifegegfgai nst an i nner surface of the channel to 25 positively

| ocate the printhead nodules within the channel. As used herein, the term

"ink" hs inten . i i NGudipuUah  the printhead to
be deH)ver ed tg?eg?ﬁgﬁly neglwef%eféip?%%@écﬁé{/%e o%&el%lg' many different col ored

inks, infra-red ink, a fjxative or the |ike. WO 02/076753 PCT/ AUO2/ 00374
Preferably the lower micro-molding also includes an air inlet.

Preferably the air inlet includes a slot extending across the lower micro-molding.

Preferably the upper micro-molding includes exit holes corresponding to inlets on a

backing layer of the print chip.
15 Preferably the backing layer is made of silicon.

Preferably the printhead module further comprises an elastomeric pad on an edge of

the lower micro-molding.

Preferably the upper and lower micro-moldings are made of Liquid Crystal Polymer
(LCP).

20 Preferably an upper surface of the upper micro-molding has a series of alternating
air inlets and outlets cooperative with a capping device to redirect a flow of air through the

upper micro-molding.

Preferably each printhead module has an elastomeric pad on an edge of its lower
micro-molding, the elastomeric pads bearing against an inner surface of the channel to

25  positively locate the printhead modules within the channel.

As used herein, the term “ink” is intended to mean any fluid which flows through
the printhead to be delivered to print media. The fluid may be one of many different colored

inks, infra-red ink, a fixative or the like.



4 BRI EF DESCRI PTI ON OF THE DRAW NGS A preferred form of the present
invention wll now be described by way of exanple with reference to the
acconpanywog@2aress ngs wherein: Fig. 1 is a schematic over @Cli/Atioemos a
printhead; 5 Fig. 2 is a schematic expl oded view of the printhead of Fig.
1, Fig. 3is a schematic exploded view of an ink jet nodule; Fig. 3ais a
schematic exploded inverted illustration of the ink jet nodule of Fig. 3;
Fig. 4is BR&:IH(DESC(RIH'HION Qft THE ARANVINGS DI ed ink jet nodule; Fig. 5
is a schematic inverted illustration of the nodule of Fig. 4, 10 Fig. 6 is
a schemat i £ k@8R foin bf thdPréstht iRVertfontWifl nERMBY &sibed B w4 of ekhiiple vitl® @
schemati c |FI ustration of 'a chip sub-assenbly; Fig. 8ais a schgmatl c side
el evat i ona¢ferenestonthe a¢nompanyinpdeawiogs Whegeinl; Fig. 8b is a schematic plan
view of the printhead of Fig. 8a; Fig. 8c is a schematic side view (other
side) of the prHigntigadcitmdric®HvedR;view of FpfAnth84l;i S @ schematic inverted plan
view of the printhead of Fig. 8b; Fig. 9 is a schematic cross-sectional end

el evatbonal Vi gy of i WS NRERULALcH) Ghind primfilhorke 13 @ schemtic

illustration o he"prin n uncappé configuration; Fig.
11 is a schematic illustration of the printhead of Fig. 10 in a capped 20
confi guration; Fig-g is asghematig explodadview qfjanak jehmoghlesf a cappi ng devi ce;
Fig. 12b is a schematic illustration of the capping device of Fig. 12a,

vi ened from a Fig.f3es @stheamagt explbdeyl int@tadsllastsation whtheank jet nwdnketadf ding. Showi ng
the |l oading of an ink jet nodule into a 25 printhead; WO 02/076753

PCT/ AU02/ 00374 Fi® 4Hk d scHendtie iBustali8i8t AfalBdbiel evefet Adahleyi ew of the
printhead illustrating the printhead nodul e | oading nethod,
Fig. 5 is a schematic inverted illustration of the module of Fig. 4;
10 Fig. 6 is a schematic close-up illustration of the module of Fig. 4;
Fig. 7 is a schematic illustration of a chip sub-assembly;
Fig. 8a is a schematic side elevational view of the printhead of Fig. 1;
Fig. 8b is a schematic plan view of the printhead of Fig. 8a;
Fig. 8c is a schematic side view (other side) of the printhead of Fig. 8a;
15 Fig. 8d is a schematic inverted plan view of the printhead of Fig. 8b;

Fig. 9 is a schematic cross-sectional end elevational view of the printhead of Fig. 1;

Fig. 10 is a schematic illustration of the printhead of Fig. 1 in an uncapped

configuration;

Fig. 11 is a schematic illustration of the printhead of Fig. 10 in a capped

20 configuration;
Fig. 12ais a schematic illustration of a capping device;

Fig. 12b is a schematic illustration of the capping device of Fig. 12a, viewed from a

different angle;

Fig. 13 is a schematic illustration showing the loading of an ink jet module into a

25 printhead;



Fig. 15 is a schematic cut-away illustration of the printhead assenbly of
Fig. 1, Fig. 16 is a schematic close-up illustration of a portion of the
pri nt headwofo2brgs3 15 5 showi ng greater detail in the areacafAuoeod7ven) et ™
chip; Fig. 17 is a schematic illustrastion of the end portion of a netal
channel and a printhead |ocation nolding; Fig. 18a is a schematic
illustration of an end portion of an elastoneric ink delivery extrusion
and a nol ded eFig.ddps a sehdmbdc BndjcletBipnakviaw of Herpainthead|illusstating then of t he

end cap of Fig. .18a in ut-fol ded. configuration. DETAILED DESCRI PTI ON
OF THE | NVENTI @Qnﬁ’ﬁa‘?zfnﬁa&fq%d“%@eg‘ggbrrpanyi ng drawings there is
ig. 2

schematically depicted an overall view of a printhead assenbly. Fi

shows the cor e Fisipdnesthematic cuicaviaysillpgrajion of the Mtlﬁaﬁlawwl)ﬁﬁgﬁlgghrati on.
The printhead assenbly 10 of the preferred enbodi nent conprises eleven
print head nodulRes 163s 5 bdheatatic chke0g ilustratiol of d poteion of theprigtheddof Big. 1He

heart of each ﬁri_nt head nmodule 11 is a "Memet” chip 23 (Fig. 3). The
particdl ar chi shewes&reates detadl in Hhecrres pfdhe eMsBUStENP; bei ng a si x- col or
configuration. The "Menjet"” printhead nodul es 11 are conprised of the
"Menjet" chip ZFag. 14 if a scheni2@ic fivschtiér ebch&SRB] pétiam df & wetalicbarmeharldd ngs 28
and 34 sandwi ching a {n d- package film 35. Each nodule 11 forns a seal ed
unit with inde;?é'ﬁg’é'fﬁq RO RY s 63 (Fig. 9) which feed the chip 23. The
nodul es 11 plug directly onto a flexible elastoneric extrusion 15 which
carries air, idlg dB8disdscheingec illphigatigppdansod padioneff an glastemerig dnlodelverhas

r epeat ed patternl_s of ah Iesldze% \A\/&]ichaglign with ink inlets 32 (Fig. 3a) on
the underside ST ERThHOGUIPE L £1¢ e %5 extrusion 15 is bonded onto a flex
PCB (flexible printed circuit board). The fine pitch flex PCB 26 w aps down
the silBe of eadig gBpit hechamateillustrationefdhe prdeap of &g d8e inpn pptifplded| ex pcB
17 (Fig. 9). TRefLE%idCB 17 carries two busbars 19 (positive) and 20
(negative) for powering each nodule 11, as well as all data connecti ons.

The fl ex (Fb?_& ' B d&ﬂug '[76 ti al "lInvar" channel 16. The
metal WO %‘?gg’ gb ﬂfg@ Eﬁﬁgﬂm.ﬁﬁéﬂer ves to hol d the nodul es
11 in place and is designed to have a simlar
In Fig. 1 of the accompanying drawings there is schematically depicted an overall
view of a printhead assembly. Fig. 2 shows the core components of the assembly in an
15 exploded configuration. The printhead assembly 10 of the preferred embodiment comprises
eleven printhead modules 11 situated along a metal “Invar” channel 16. At the heart of each

printhead module 11 is a “Memjet” chip 23 (Fig. 3). The particular chip chosen in the

preferred embodiment being a six-color configuration.

The “Memjet” printhead modules 11 are comprised of the “Memjet” chip 23, a fine
20  pitch flex PCB 26 and two micro-moldings 28 and 34 sandwiching a mid-package film 35.
Each module 11 forms a sealed unit with independent ink chambers 63 (Fig. 9) which feed
the chip 23. The modules 11 plug directly onto a flexible elastomeric extrusion 15 which
carries air, ink and fixitive. The upper surface of the extrusion 15 has repeated patterns of
holes 21 which align with ink inlets 32 (Fig. 3a) on the underside of each module 11. The
25  extrusion 15 is bonded onto a flex PCB (flexible printed circuit board).

The fine pitch flex PCB 26 wraps down the side of each printhead module 11 and
makes contact with the flex PCB 17 (Fig. 9). The flex PCB 17 carries two busbars 19
(positive) and 20 (negative) for powering each module 11, as well as all data connections.

The flex PCB 17 is bonded onto the continuous metal “Invar’” channel 16. The metal



coefficient of thermal expansion to that of silicon used in the nodules. A
capping device 12 is used to cover the "Memet" chips 23 when not in use.
The cappwogeeesrsee is typically made of spring steel w thrcamweses7s nol ded
el astonmeric pad 47 5 (Fig. 12a). Theopad 47 serves to duct air into the
"Menjet" chip 23 when uncapped and cut off air and cover a nozzle guard 24
(Fig. 9) when capped. The capping device 12 is actuated by a canshaft 13
t hat typi chhinel 1@seavessotholdthg mmedulesd0 in Place anvbis slesigndd tolbave s sipfilar he
"Menjet" chip is typically 0.6 whi ch..i ncludes.,a 1 m cron inlet

backi ng Ia??%‘?lcf’?t 3%5"’%“%8%3‘1“8’08@#@ ﬁﬁSIB?Onllgﬁ mg\ﬁdﬁoqs"%sckness. These 10
el ements are assenbled at the wafer scale. The nozzle guard 24 allows
filtered air irfteappingsdevigedildn useshipcoveshq fylemjet 5¢hippdy when pet in yagyjIle" i nk

nozzl es 6 T .eS [ i | h,_m j t he
ozl o gusrepiag IRGECR HaGHH s orsfifie kM BEAMAR AR SO,
prot ech t {Big. d2d)i Tiad gad '4es@ek to Aot airéstobGRe Memfyrethip 29 whehaingipppdahd cutes.

15 A silican chip backing layer 27 ducts ink fromthe printhead nodule
packagi ng OTeRIF @ qayes aperdggiard et (e Mnehenepppado 2 be eappsg deyice 12ipagteated chj p

23 is W rq\)yf o%ggg%é%g{ag%&a??(gggg%@&hgn@wbhj p at 116 positions to the

fine pitch are on a 120 mcron pitch and are

cut as they are. bonded onfo the fi, it,ech flex.P ds Fig. .3). The
fine pi Coh f 1 exTheNesl thigkress el ey Momgr ﬁglﬂe‘ﬁ tXW‘iﬁ’ﬁgt"E@mﬂ B&lchg%l‘iafsx?i a a 20
seri es of 180lsicfoRAnhREbacRAEIaR? 2212889 nbhAe 86438 290f 1 BE ndid B tHCBessT TRedt r €

bondi ng operation between chip and fine prtch flex PCB 26 nay be done
renot dy, eclaoentsare pssambladiat the, wafenssaleg and adhering the chip assenbly into
the printhead nodule assenbly. Alternatively, the "Menjet"” chips 23 can be

adhered into thghewppAe guifd Q4cd ok dilteged2 ihior Mt 80amitrémedvitl l6a (Fighes)ribbed f 1 ex
PCB 26 can be adhered into gl ace. The 25 wire bondi ng operation could then

t ake pl acdhg rMemjey inkinogzlah o2 g dressprized firdiawsiigreugh miggpdenpisg soles 4y 34.
The upper ,pi ' ] - ,{%ﬂl‘,e}E - LG W (LCP)
bl end. Si rﬁ@geﬁéﬁ%}aé@ragds?gpag} @gg?lgg% [ﬁ‘gmgﬁ%glgﬂbng)c%-s?m%@g f%%g}a{hg m nut e,
t he heat ddlisitofMemiet? aogrdesai2byerepdlBOE for@gh Garticleke cont i nuous usage
tenperature (200C 240C) and soldering heat durability (260C for 10 seconds

to 31Q¢§ for 10 &Eﬁ‘ﬁ@&gﬁ)igﬁﬁﬁd . H?er Baucrdak tofsSthe PfinthBsa FBliakiphQlagidgow
melting point. WO 02/ 076753 AU02/ 00374
directly into the rows of “Memjet” nozzles 62. The “Memjet” chip 23 is wire bonded 25
from bond pads on the chip at 116 positions to the fine pitch flex PCB 26. The wire bonds
are on a 120 micron pitch and are cut as they are bonded onto the fine pitch flex PCB pads
(Fig. 3). The fine pitch flex PCB 26 carries data and power from the flex PCB 17 viaa

20  series of gold contact pads 69 along the edge of the flex PCB.

The wire bonding operation between chip and fine pitch flex PCB 26 may be done
remotely, before transporting, placing and adhering the chip assembly into the printhead
module assembly. Alternatively, the “Memjet” chips 23 can be adhered into the upper
micro-molding 28 first and then the fine pitch flex PCB 26 can be adhered into place. The

25  wire bonding operation could then take place in situ, with no danger of distorting the
moldings 28 and 34. The upper micro-molding 28 can be made of a Liquid Crystal Polymer
(LCP) blend. Since the crystal structure of the upper micro-molding 28 is minute, the heat
distortion temperature (180°C —260°C), the continuous usage temperature (200°C-240°C)
and soldering heat durability (260°C for 10 seconds to 310°C for 10 seconds) are high,

30 regardless of the relatively low melting point.



7 Each printhead nodul e 11 includes an upper mcro-nolding 28 and a | ower
m cro- nolding 34 separated by a m d-package filmlayer 35 shown in Fig. 3.
The m d- paolages763 | m | ayer 35 can be an inert pol yner suclecasypebgizai de,
whi ch has good chem cal resistance afid di nensional stability. The

m d- package filmlayer 35 can 5 have | aser ablated holes 65 and can
conpri se a doubl e-si ded adhesive (ie. an adhesive |ayer on both faces)
provi di ng adheEadnptigherdemodiie 1 Lipshirdesran npparstidionmoldings2 and ajawkanpcréi | m

| ayer and the | r mcro-ml.ding. T e i cro-mol dj ng 28 has a pair of
a1 gnment migize 38 Seaalhed 65 ¥R Sagrkeet Bip dRE A M EpERe o2 Tn 1 ne

m d- package filmlayer 35 to be received within 10 correspondi ng recesses
66 in the | owelhaimidpacksge fitg lawer 3TRasbadt ined pplymer seeh asolyimidepwhicht s when

they are nde ther. c ~mbhe.
i or o ol AP BE ST EopeiRE S PAR a4 SEbNEY e iR R 1 WRG con
pri nt hgad haveldsdrablhied hbe 68 antd € ambordpiide d duublerdi@ddadbesive(it e adhebiveslager of

the lower mcro-nolding 34. In a_ 15 preferred, enbodi nent, there are_ six
such i nl e©8 bath fagss) pravidingadhgrign bpiwesk theunperpicropplding, the mjdpackags filmy o

and i nf rag&?%%ngT@gq&ér%ﬁ%zﬂP%@(i ded an air inlet slot 67. The air inlet

sl ot 67 S across m cro-nolding 34 to a secondary inlet

whi ch expel s air through an . exh t hole , _through,an aligned . hole 68 in
fine pi 1o 1 exhpeapodtcrrmeidiy S48 apureiaenpia T 24 Prssne STprein « he

pri nt head cgHEdpBAdiRE bpkdriuds in TREmid ackRgetitn RelC3 ol HaUECeivedtwighir O _
undersurface of the upper mcro-nolding 28 as does a path fromthe air
i nl et 181 oroBEspofitiag récaises Hb i the et misremOlding: 34 Thisderves 4o akignaheo i ndi cat ed

at 32 in Fi POI%PtSZYhE‘%ﬁtQQQﬁE%O%%% tzggti;‘tggrg _mt,e(l).?](gnbi%d :tcggleﬁ{[é tﬂguéé%?alﬁd fokx%?n

backi ng | &9 ere a pair elastoneric
pads 36 Ofnig-Meldegefornhe tdrRiees inki Mt airpatttinibe Sdmpleithdddnjeepemttieadt ake up
tol erance and positively | ocated the printhead nodules 11 into the 25
netal chaffslell. when the nodul es are micro-placed during assenbly. A
preferred material for the "Menmjet" mcro-noldings is a LCP. This has

sui tabl e fl| owThberactenilstnicmldtoB?2 irhthe Undwrside bhihe lowertrhierovmbottlimgy34.dnd has

2, 1913 Vobr ot SRSl Sok of . ter el cxpansion,  RoBol, oGl gLal
cyan, fixitive and infrared). There is also provided an air inlet slot 67. The air inlet slot 67
extends across the lower micro-molding 34 to a secondary inlet which expels air through an
exhaust hole 33, through an aligned hole 68 in fine pitch flex PCB 26. This serves to repel
the print media from the printhead during printing. The ink inlets 32 continue in the

20  undersurface of the upper micro-molding 28 as does a path from the air inlet slot 67. The
ink inlets lead to 200 micron exit holes also indicated at 32 in Fig. 3. These holes

correspond to the inlets on the silicon backing layer 27 of the “Memjet” chip 23.

There is a pair of elastomeric pads 36 on an edge of the lower micro-molding 34.
These serve to take up tolerance and positively located the printhead modules 11 into the

25  metal channel 16 when the modules are micro-placed during assembly.

A preferred material for the “Memjet” micro-moldings is a LCP. This has suitable
flow characteristics for the fine detail in the moldings and has a relatively low coefficient of

thermal expansion.

Robot picker details are included in the upper micro-molding 28 to enable accurate

30 placement of the printhead modules 11 during assembly.



30 placenent of the printhead nodul es 11 during assenbly. WO 02/ 076753

PCT/ AU02/ 00374 8 The upper surface of the upper mcro-nolding 28 as shown
in Fig. 3wbagoa7series of alternating air inlets and out lPersa®003These act
in conjunction with the capping devicé 12 and are either sealed off or
grouped into air inlet/outlet chanbers, depending upon the position of the
cappi ng device 12. They connect air diverted fromthe inlet slot 67 to the
5 chip 23 depeitit npparporacsiafithevppenhmieraimolding28ms shiown irukigappesch senes apper
cam det ai

| ocati ons Ia]t%%?%cﬁgg‘k?g@r CFUZ%ES J’c}? &‘P%lsg %ﬁ;g)%gcr%ﬂﬁgﬁtd%ny‘iﬁ%ﬁ 3‘# ef\cga iﬁ@\é\%‘i‘ﬁl 2 140

faci | itat afd aredahérd aRle@ of T \esupRE imth afrhiflegaifet biganttRyd, depehdidgupoa phedr uncap
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to “pot” the bond wires 25 (Fig. 6), seal the “Memjet” chip 23 to the molding 28 and form a

sealed gallery into which filtered air can flow and exhaust through the nozzle guard 24.

The flex PCB 17 carries all data and power connections from the main PCB (not
20  shown) to each “Memjet” printhead module 11. The flex PCB 17 has a series of gold
plated, domed contacts 69 (Fig. 2) which interface with contact pads 41, 42 and 43 on the
fine pitch flex PCB 26 of each “Memjet” printhead module 11.

Two copper busbar strips 19 and 20, typically of 200 micron thickness, are jigged
and soldered into place on the flex PCB 17. The busbars 19 and 20 connect to a flex

25 termination which also carries data

The flex PCB 17 is approximately 340 mm in length and is formed from a 14 mm
wide strip. It is bonded into the metal channel 16 during assembly and exits from one end

of the printhead assembly only.

The metal U-channel 16 into which the main components are place is of a special

30 alloy called “Invar 36”. It is a 36% nickel iron alloy possessing a coefficient of thermal
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these end caps is shown at 70 in Fig. a. A series of patterned holes 21
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not cut into the | ower surface of 25 extrusion 15 due to the focal | ength
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end. These mate with snap fittings 81 on the printhead location moldings 14 (Fig. 17).

The elastomeric ink delivery extrusion 15 is a non-hydrophobic, precision
component. Its function is to transport ink and air to the “Memjet” printhead modules 11.
The extrusion is bonded onto the top of the flex PCB 17 during assembly and it has two
20 types of molded end caps. One of these end caps is shown at 70 in Fig. 18a.

A series of patterned holes 21 are present on the upper surface of the extrusion 15.
These are laser ablated into the upper surface. To this end, a mask is made and placed on
the surface of the extrusion, which then has focused laser light applied to it. The holes 21
are evaporated from the upper surface, but the laser does not cut into the lower surface of

25  extrusion 15 due to the focal length of the laser light.

Eleven repeated patterns of the laser ablated holes 21 form the ink and air outlets 21
of the extrusion 15. These interface with the annular ring inlets 32 on the underside of the
“Memjet” printhead module lower micro-molding 34. A different pattern of larger holes
(not shown but concealed beneath the upper plate 71 of end cap 70 in Fig. 18a) is ablated

30 into one end of the extrusion 15. These mate with apertures 75 having annular ribs formed

in the same way as those on the underside of each lower micro-molding 34 described
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pushed onto the connectors 76, the molding 70 might interface directly with an ink

cartridge. A sealing pin arrangement can also be applied to this molding 70. For example, a
perforated, hollow metal pin with an elastomeric collar can be fitted to the top of the inlet

20  connectors 76. This would allow the inlets to automatically seal with an ink cartridge when
the cartridge is inserted. The air inlet and hose might be smaller than the other inlets in

order to avoid accidental charging of the airways with ink.

The capping device 12 for the “Memjet” printhead would typically be formed of
stainless spring steel. An elastomeric seal or onsert molding 47 is attached to the capping
25  device as shown in Figs. 12a and 12b. The metal part from which the capping device is
made is punched as a blank and then inserted into an injection molding tool ready for the
elastomeric onsert to be shot onto its underside. Small holes 79 (Fig. 13b) are present on the
upper surface of the metal capping device 12 and can be formed as burst holes. They serve
to key the onsert molding 47 to the metal. After the molding 47 is applied, the blank is
30 inserted into a press tool, where additional bending operations and forming of integral

springs 48 takes place.
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During thiggodule 11 and the underside of the metal channel 16. The lateral capping motion of the
capping device 12 is governed by an eccentric camshaft 13 mounted against the side of the
capping device. It pushes the device 12 against the metal channel 16. During this
20 movement, the bosses 57 beneath the upper surface of the capping device 12 ride over the
respective ramps 40 formed in the upper micro-molding 28. This action flexes the capping
device and raises its top surface to raise the onsert molding 47 as it is moved laterally into

position onto the top of the nozzle guard 24.

The camshaft 13, which is reversible, is held in position by two printhead location
25  moldings 14. The camshaft 11 can have a flat surface built in one end or be otherwise

provided with a spline or keyway to accept gear 22 or another type of motion controller.
The “Memjet” chip and printhead module are assembled as follows:

1. The “Memjet” chip 23 is dry tested in flight by a pick and place robot, which also
dices the wafer and transports individual chips to a fine pitch flex PCB bonding

30 area.
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pper
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as a two step gluing operation
the printhead module.
15 6. The chip assembly (and fine pitch flex PCB) are bonded into place. The fine pitch

flex PCB is carefully wrapped around the side of the upper micro-molding so as not
to strain the wire bonds. This may be considered as a two step gluing operation if it
is deemed that the fine pitch flex PCB might stress the wire bonds. A line of
adhesive running parallel to the chip can be applied at the same time as the internal
20 chip cavity walls are coated. This allows the chip assembly and fine pitch flex PCB
to be seated into the chip cavity and the fine pitch flex PCB allowed to bond to the
micro-molding without additional stress. After curing, a secondary gluing operation
could apply adhesivc to the short side wall of the upper micro-molding in the fine
pitch flex PCB area. This allows the fine pitch flex PCB to be wrapped around the
25 micro-molding and secured, while still being firmly bonded in place along on the

top edge under the wire bonds.

7. In the final bonding operation, the upper part of the nozzle guard is adhered to the
upper micro-molding, forming a sealed air chamber. Adhesive is also applied to the
opposite long edge of the “Memjet” chip, where the bond wires become ‘potted’

30 during the process.
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The laser ablation process is as follows:
13. The channel assembly is transported to an eximir laser ablation area.

15 14. The assembly is put into a jig, the extrusion positioned, masked and laser ablated.

This forms the ink holes in the upper surface.

15. The ink extrusion 15 has the ink and air connector molding 70 applied. Pressurized

air or pure water is flushed through the extrusion to clear any debris.
16. The end cap molding 70 is applied to the extrusion 15. It is then dried with hot air.

20 17. The channel assembly is transported to the printhead module area for immediate
module assembly. Alternatively, a thin film can be applied over the ablated holes

and the channel assembly can be stored until required.
The printhead module to channel is assembled as follows:

18. The channel assembly is picked, placed and clamped into place in a transverse stage

25 in the printhead assembly area.

19. As shown in Fig. 14, a robot tool 58 grips the sides of the metal channel and pivots
at pivot point against the underside face to effectively flex the channel apart by 200

to 300 microns. The forces applied are shown generally as force vectors F in Fig.
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| ocates the end of the second printhead nmodule. The armis guided by the

opticap ali gzmmad?istﬁlmtaeiuaios afif 1RARS tifd dnidof thssecbifd gehitheddeedule. e pushes
the printhead nodul e over, the gap between the fiducials is closed until
they reach an @Xadsgyifedhy e opacat abemmgnt ok fidygials op pchsynp.cAy B ALUSMERY t he

adj ustment  ar Mg o IR Viprinttead thotfid Ser SRE Qi betkRerPthb Bul&a 1Ok

pl ace.
they reach an exact pitch of 19.812 mm.
24. The tool 58 is relaxed and the adjustment arm is removed, securing the second

15 printhead module in place.

25. This process is repeated until the channel assembly has been fully loaded with
printhead modules. The unit is removed from the transverse stage and transported to
the capping assembly area. Alternatively, a thin film can be applied over the nozzle
guards of the printhead modules to act as a cap and the unit can be stored as

20 required.
The capping device is assembled as follows:

26. The printhead assembly is transported to a capping area. The capping device 12 is
picked, flexed apart slightly and pushed over the first module 11 and the metal
channel 16 in the printhead assembly. It automatically seats itself into the assembly

25 by virtue of the bosses 57 in the steel locating in the recesses 83 in the upper micro-

molding in which a respective ramp 40 is located.
27. Subsequent capping devices are applied to all the printhead modules.

28. When completed, the camshaft 13 is seated into the printhead location molding 14

of the assembly. It has the second printhead location molding seated onto the free



25. This process is repeated until the channel assenbly has been fully

| oaded with printhead nodules. The unit is renoved fromthe transverse
stage andworensgested to the capping assenbly area. AltemeatAmeloy374a thin
filmcan be applied over the nozzle tuards of the printhead nodules to act
as a cap and the unit can be stored as 20 required. The capping device is
assenbl ed as follows: 26. The printhead assenbly is transported to a

cappi ng area. Ehédandps mgldisis seappd ioger the endbef, thé metad dhanpal, hokdingthe| y and
pushed over the first nodul.e é% .and the netal channel 16 in the printhead
assenbly. It aﬁ?@ﬁ@f%qa?p@g Yt LRINY®into the assenbly 25 by virtue of
the bosses 57 in the steel locating in the recesses 83 in the upper m cro-
mol di ng i n whf: dhmalded gearcd? ereothegmotipn dostrplgdeaice ¢an by addsdiie et end o Psi ng
devi ces are applied ll. the printhead nodul es. 28. Wen conpl eted, the
canshaft 13 is%?ggrfa«gélﬁl %tdélstpﬁg’t'pri nt head | ocation nolding 14 of the
assenbly. It _has the second printhead |l ocation nolding seated onto the free
WO 02/ B767533pdhe sepping assemblyis meghanigrdly tested: ol di ng is snapped over the
end of the nmetal channel, holding the canshaft and cappi ng devices
captive. 29.Prntrohhgpad igasafolsor ot her notion control device can be added
to either end of the canshaft 13 at this point. 5 30. The capping assenbly

i's mechani cakj yrhe ‘fﬁgﬁféad afSbinBly N heived td thedsstihplated ks %%-ap?{i]'@d tnagddgh hgad

assenbly 10 is noved to the tésting area. Inks are applied through™he
"Menj et" nodul &Meprjetrhedudarprigtheagh brdes prassurpy AlriISse@zBed theehghtthe) (Mhmjeié

"Menmjet" nozzles .durin ri.m en charged,, t he i nt head,.can_b
el'ectrical 'y cORTAEs iy Voot Biledh Herinet Eaf b6 BHABEANGAIERed 1o
and tgeted as fadkwd; 33. Power and data connections are nmade to the PCB.
Final testing can comence, and when passed, the "Menmet" nodul ar

printhead is i I kM applied over the
undersi de t h%%%g%gt?cea??gm{ég@o prﬁpén@%g%gmﬁtﬁﬂa? Q%frotl)éucszt i nstal |l ation.
33. Power and data connections are made to the PCB. Final testing can commence, and
when passed, the “Memjet” modular printhead is capped and has a plastic sealing

film applied over the underside that protects the printhead until product installation.

15



15 WO 02/ 076753 PCT/ AU02/ 00374 16 WE CLAIM 1. A printhead nodule for a
printhead assenbly incorporating a plurality of said nodul es positioned
subst ant iwblog/oaws®ss a pagewidth in a drop on demand i nk JPetr/ATrRMN03TH
conprising: 5 an upper mcro-nolding 16ocating a print chip having a
plurality of ink jet nozzles, the upper mcro-nolding having ink channels
delivering ink to said print chip, a |ower mcro-nolding having inlets

t hrough WWEHCLAIM::s received froma source of ink, and a nid-package film
adhered between sai d upper and | ower mcro-nol dings and _ 10, hayi ng hol es

t hr ough whi ch AnRrinsheadanodule far apeinthead Assembhoingerpasatipe & SIUrplEY 8ppad i cr o-
rouan S . ere oo
Tade of amadiie pBLkEQORBs Rty Refss §pRdidii SR ilof Bpid Inb R bRARr 1 LTS

hol es of tbmprsidgpackage filmare 15 |aser ablated. 4. The printhead
nmodul e of claim1 wherein the m d-package filmhas an adhesive |ayer on

opposeg faces TaH%P frnicR)- RIS B AFRESHAR RPIMRRI 4 flEraiBRSTiInK et hezAmy di ng,
the m d-package I mand the 1ower "mcro-nolding. 5. The printhead nodul e
of cl ai m thenippeemicromeoldipg daving onkochaphels dejivesisg &k tRGaid|prighpkipt  pi n passi ng
t hrough an aperture in the m d-package filmand received within a recess

in the | ower MagsWerTRicE-HbldihHRavRhginkets third\gzht whish inkls kdeeive@B®M a source of
m cro-nol di ng, the md-package filmand the | ower m cro-nolding when they

are bondeénk 88@ther. 6. The printhead nodule of claim 1 wherein the inlets
of the lower mcro-nolding are fornmed on an underside thereof. 25 7. The
pri nt head nodulaenidfpackagelfilt adghereé batween sadiugpérrandtiowameicpy-moldiegs dndr

individual inks. 8 T i nt head i i
b BB My ead Todube 01 LAl m e pher el he | over

molding.

2. The printhead module of claim 1 wherein the mid-package film is made of an inert

polymer.

3. The printhead module of claim 1 wherein the holes of the mid-package film are

15 laser ablated.

4. The printhead module of claim 1 wherein the mid-package film has an adhesive
layer on opposed faces thereof, providing adhesion between the upper micro-molding, the

mid-package film and the lower micro-molding.

5. The printhead module of claim 1 wherein the upper micro-molding has an
20  alignment pin passing through an aperture in the mid-package film and received within a
recess in the lower micro-molding, the pin serving to align the upper micro-molding, the

mid-package film and the lower micro-molding when they are bonded together.

6. The printhead module of claim 1 wherein the inlets of the lower micro-molding are

formed on an underside thereof.

25 . The printhead module of claim 6 wherein six said inlets are provided for individual
inks.
8. The printhead module of claim 6 wherein the lower micro-molding also includes an

air inlet.



air inlet. WO 02/076753 PCT/ AU02/ 00374 17 9. The printhead nodule of claim
8 wherein the air inlet includes a slot extending across the |ower

m cr o- nolworg/7¢r83 The printhead nodul e of claim1 wherei rCrhaiorppsss

m cro-nol ding includes exit holes cotresponding to inlets on a backing

| ayer of the print chip. 5 11. The printhead nodul e of claim 10 wherein the
backing layer is made of silicon. 12. The printhead nodule of claim1l
further cOBnpri Thagriatheal metddmef claimp §dvherein thesdgimlet afcludee alstorextending

m cr o- nol di ng. 1?. The printhead nodule of claim1l wherein the upper and

| oner m c?‘g9g&fp8 9’(6‘25“3?12)'“‘ ‘of LCP. 10 14. The printhead nodul e of claim
1 wherein an upper surface of the upper mcro- nolding has a series_ of

al ternati h@ ai The ptinthsachmgdweof elam d odisegiatheuppar micra-recldipedecledesiesié ¢ o
redirect flow of air thr h the r.mearo-nmol ding. 15. A printhead
assenbly ﬁﬂlgﬁ,ﬁ%ﬁﬁgﬁ régg’lﬂﬁus?%? %/C o‘f%qgﬁrr%&'éeapdjs%?cglgi:h as claimed in claim
1, the printhead assenbly including a channel al ong which each of the

pri nt htaddlar e The priphead mgdwlg of glgim 1A vhsreimthechagking dayspisymade of sidican.15

wherein each printhead nodul e has an elastoneric pad on an edge of its
| ower m ci®- nolTHe pinthtdtemedtas bbolaim d fpakks comprising an @tpaionstricgad ionnakedgar f ace

of the chapnel to positiyely locate the printhead nodules within th
channel . 9 the lowernQicro—moYdeing. P s within the

13.  The printhead module of claim 1 wherein the upper and lower micro-moldings are

made of LCP.

10 14.  The printhead module of claim 1 wherein an upper surface of the upper micro-
molding has a series of alternating air inlets and outlets cooperative with a capping device

to redirect a flow of air through the upper micro-molding.

15. A printhead assembly incorporating a plurality of printheads, each as claimed in
claim 1, the printhead assembly including a channel along which each of the printheads are

15  positioned.

16.  The printhead assembly of claim 15 wherein each printhead module has an
elastomeric pad on an edge of its lower micro-molding, the elastomeric pads bearing
against an inner surface of the channel to positively locate the printhead modules within the

channel.

20



