ZGl48 -SG -1 A PAGEW DTH PRI NTHEAD ASSEMBLY Field of the Invention The
present invention relates to printers, and in particular to digital inkjet
printers. Co-Pending Applications Various nethods, systens and apparat us
relating to the present invention are disclosed in the follow ng
co-pendi ng applications filed by the applicant or assignee of the present
i nventi onz®@s.gd May 2000: :

PCT/ AUOCO' 00578PCT/ AUCO' 00579PCT/ AU00/ 0Pp581PCT/ AUOO/ 00580

PCT/ AUO0O/ 00582PCT/ AU0O0/ 00587PCT/ AUCO' 00588PCT/ AUO0/ 00589

PCT/ AUO0O/ 00583PCT/ AUOO 00 A00591

PCT/ AUCO' 00592PCT/ AU0O/ 00%%?‘%@8‘%%%@0586

PCT/ AUCO' 00594 PCT/ AUOCO' 00595PCT/ AUCO' 00596 PCT/ AUCO 00597

PCT/ AUCO p%ﬁawmlgﬁqgtgGPCT/ AU00/ 00517PCT/ AUO0/ 00511 Vari ous net hods,
systens and a &a)txr?at us, relating to the present invention are disclosed in
the fol |l owi ng TSeHE IYgntgipielagestty orintepcand inupoiaiar 46 digithldgkisypritiers.
applicant or assignee of the present invention on 27 Novenmber 2000. The

di scl osures of these co-pending applications are incorporated herein by
cross-r ef GioceReadingshpplicatiopsr at ed by cross-reference, is the disclosure

of a co-filed REL; I j ?éﬁg“ = iV i OF: from
Austral ian Provi si 601%2# étﬁgééé%?st?&ﬁg%ﬂc 1 oﬁggﬁﬁmﬁé8@%;4{.‘6@&%2%&%%23%#5 of the
| nvent i ondisclosed in the following co-pending applications filed by the applicant or assignee of

the present invention on 24 May 2000:

PCT/AU00/00578 PCT/AU00/00579 PCT/AU00/00581 PCT/AU00/00580
PCT/AU00/00582 PCT/AU00/00587 PCT/AU00/00588 PCT/AU00/00589
PCT/AU00/00583 PCT/AU00/00593 PCT/AU00/00590 PCT/AU00/00591
PCT/AU00/00592 PCT/AU00/00584 PCT/AU00/00585 PCT/AU00/00586
PCT/AU00/00594 PCT/AU00/00595 PCT/AU00/00596 PCT/AU00/00597
PCT/AU00/00598 PCT/AU00/00516 PCT/AU00/00517 PCT/AU00/00511

Various methods, systems and apparatus relating to the present invention are
disclosed in the following co-pending application, PCT/AU00/01445 filed by the
applicant or assignee of the present invention on 27 November 2000. The disclosures of
these co-pending applications are incorporated herein by cross-reference. Also
incorporated by cross-reference, is the disclosure of a co-filed PCT application,

PCT/AU01/00238 (deriving priority from Australian Provisional Patent Application

No. PQ6059).

Background of the Invention
Recently, inkjet printers have been developed which use printheads manufactured

by micro-electro mechanical system(s) (MEMS) techniques. Such printheads have

arrays of microscopic ink ejector nozzles formed in a silicon chip using MEMS

manufacturing techniques.



Recently, inkjet printers have been devel oped which use printheads

manuf actured by m cro-el ectro nechani cal systen(s) (MEMS) techni ques. Such
pri nt heads have arrays of mcroscopic ink ejector nozzles forned in a
silicon chip using MEMS manufacturing techniques. ZGl48 -SG -2- Printheads
of this type are well suited for use in pagew dth printers. Pagew dth
printers pavygesstationary printheads that extend the wdth of the page to
increase printing speeds. Pagew dth pjintheads do not traverse back and
forth across the page |ike conventional inkjet printheads, which allows

t he paper to past. the printhead, .nore .qui ckl.y. To reduce prqduction
and operati ngiglgrcljésn %S Ot%ﬁltéls E’Fﬁenéﬁﬁévae ssugtF % f?‘f‘a%sg lﬂ Ea%?w églppg}rg?rg- Lﬁ%ﬁ?‘ﬁ@ ad
nodul es nmount ed adj acent each other on a support beamin_the printer. To
ensur e t hBntERdPge gadonqgy gapheads il exiens the widihef the pageita inosrase peaingy

adj acent printhead nodules it is necessary to accurately align the nodul es
af t er t hegpehdw e Pagemidtio printhdadsodo mbe traugrpo bhckb eminfor@naerosd thgnpage likee
printing fromeach nodul e precisely abuts the printing from adjacent

nodul es.  hfvertidiaRtest pridiBeadh, WRIE Hlo®s thBSapé:i @t head %Meeﬁrmeﬁrrbl ent
tenperature wll change when the support béam expands as it heats up
during prin'&feﬂﬁﬁﬂd peration. Furthernore, if the printhead nodul es are
accurately altgned when the support beamis at the equilibrium operating
tenperature, there may be unacceptable msalignments in _any printing
before the belffifyse produstion adoOPsERg CPsy the Alatheads age medepp p¥ sepgrate
printhead is not nodul ari zed, thereby nmaking the alignnment problem

i rrel evanprinth¢ad modules mounted adjacent each other on a support beam in the printer. To

ensure that there are no gaps or overlaps in the printing produced by adjacent printhead
modules it is necessary to accurately align the modules after they have been mounted to
the support beam. Once aligned, the printing from each module precisely abuts the
printing from adjacent modules.

Unfortunately, the alignment of the printhead modules at ambient temperature
will change when the support beam expands as it heats up during printhead operation.
Furthermore, if the printhead modules are accurately aligned when the support beam is
at the equilibrium operating temperature, there may be unacceptable misalignments in
any printing before the beam has reached the operating temperature. Even if the
printhead is not modularized, thereby making the alignment problem irrelevant, the
support beam and printhead may bow because of different thermal expansion
characteristics. Bowing across the lateral dimension of the support beam does little to
affect the operation of the printhead. However, as the length of the beam is its major

dimension, longitudinal bowing is more significant and can affect print quality.



support beam and printhead nmay bow because of different thermal expansion
characteristics. Bowi ng across the |ateral dinension of the support beam
does little to affect the operation of the printhead. However, as the

| ength of the beamis its major dinension, |ongitudinal bowng is nore
significant and can affect print quality. ZGl48 -SG 3 Sunmary of the

| nventi onzdegsy di ngly, the present invention provides a printhead assenbly
for a digital inkjet printer, the pringhead assenbly including: a support
menber for attachnment to the printer; a printhead adapted for nounting to
t he suppo r.elihe,su rt menber having an outer shell and a core

el enen?pdg‘irﬁﬁ%%a‘?fflbeamvglgﬁgni nk reservoir such that the effective

coef fici ent of Actredimgly, ¢heppresind invehtiodh ereviep ar printheadbmasenmisly Sobs il al | y
equal to the coefficient of thermal expansion of the printhead. Preferably,

t he out er jfkh&lptindes tﬁ@%ﬂmﬂegdrégggnﬁlyﬁmn .wo different netals | am nated
together and the printhead includes a silicon MEMS chip. In a further

preferred for %s@&ﬁrﬁé‘iﬂﬁ’&%reﬂﬁ@ﬂ%&tit&% t%%lrp and the core elenment is a

pl astic extrusi o ef 1 ning four separal%é)" nk>reservoirs. In a particularly
referred form th tallic outer shell has an odd nunber of

Pongi t udi nal | yaBQ’t"g‘ﬁfgﬁfgpfegﬁ%rr@o‘b‘ftm&tto thesepperimetiber.er ent metal s, wherein

| ayers of the same nmetal are symretrically di sposed about the central

layer. It wil | thesupppt esimbeelatihgan oyter ahelhand agoteagiementafefinimigfad demst

t hi ckness of the sane material on opposite sides of the central |ayer, and

at equal dhsinkeRsvdih@icRitliMe dffRfife teefficientlEMRERGY eipahsibh 6f GB8Lppd0 bow
because of a domi nating effect fromany of the |ayers.

member is substantially equal to the coefficient of thermal expansion of the printhead.

Preferably, the outer shell is formed from at least two different metals laminated
together and the printhead includes a silicon MEMS chip. In a further preferred form,
the support member is a beam and the core element is a plastic extrusion defining four
separate ink reservoirs. In a particularly preferred form, the metallic outer shell has an
odd number of longitudinally extending layers of at least two different metals, wherein
layers of the same metal are symmetrically disposed about the central layer.

It will be appreciated that by laminating layers of uniform thickness of the same
material on opposite sides of the central layer, and at equal distances therefrom, there is
no tendency for the shell to bow because of a dominating effect from any of the layers.
However, if desired, bowing can also be eliminated by careful design of the shells cross
section and variation of the individual layer thicknesses.

In some embodiments, the printhead is a plurality of printhead modules

positioned end to end along the beam.



However, if desired, bowi ng can also be elimnated by careful design of the
shells cross section and variation of the individual |ayer thicknesses. In
sonme enbodi ments, the printhead is a plurality of printhead nodul es
positioned end to end along the beam ZGl48 -SG 4 Brief Description of the
Drawi ng A preferred enbodi nent of the invention wll now be described, by
way of exagpiesonly, with reference to the acconpanying drawi ng in which:
Figure 1 is a schematic cross section_gf a printhead assenbly according to
the present invention. Detailed Description of the Preferred Enbodi nents

Ref erring i nthead assenbly 1 includes a printhead 2
nount ed t?’geft'ﬁgﬁg 'ﬁmﬁﬁ%% port menber 3 has an outer shell 4
and a core el Anpreferred eteadunegs 6O the mpaﬂitat &vill mow s elevaited, 6y way 8f and 9.
The outer shell 4 is a hot rolled trilayer lamnate of two different

net al s. T&e:miplé shly"RitRkeft@d& to Bk am&%&%g&%@bm Hatwegen | ayers of the
second net al %he netals form ng the trilayer sheII are selected such

t hat the effec f ex t he shel | a whol e
o eubtant a|F lotfe £954 Wil os BfHdiRer SHARRRICRs ok Ml o e "0
the core and the i.ndi vi dual netals may S|gn|f|cantly differ fromthat of
silicon. PESAtENE Mt the core or one of the netals has a coefficient of
t hermal expansion greater than that of silicon, and another has a
coefficient less than that of silicon, the effective coefficient can be
mde to PetaledReseription ebthe PreferreddEnthodiments/er t hi cknesses in the

| am nat e. Referring to the figure, the printhead assembly 1 includes a printhead 2 mounted

to a support member 3. The support member 3 has an outer shell 4 and a core element
5 defining four separate ink reservoirs 6, 7, 8 and 9. The outer shell 4 is a hot rolled
trilayer laminate of two different metals. The first metal layer 10 is sandwiched
between layers of the second metal 11. The metals forming the trilayer shell are
selected such that the effective coefficient of thermal expansion of the shell as a whole
is substantially equal to that of silicon even though the coefficients of the core and the
individual metals may significantly differ from that of silicon. Provided that the core or
one of the metals has a coefficient of thermal expansion greater than that of silicon, and
another has a coefficient less than that of silicon, the effective coefficient can be made
to match that of silicon by using different layer thicknesses in the laminate.

Typically, the outer layers 11 are made of invar which has a coefficient of
thermal expansion of 1.3 x 10° m/°C. The coefficient of thermal expansion of silicon
is about 2.5 x 10" m/°C and therefore the central layer must have a coefficient greater
than this to give the support beam an overall effective coefficient substantially the same

as silicon.



Typically, the outer layers 11 are made of invar which has a coefficient of
thermal expansion of 1.3 x 10-6 mC The coefficient of thermal expansion
of silicon is about 2.5 x 10-6 mMlC and therefore the central |ayer nust
have a coefficient greater than this to give the support beam an overall
effective coefficient substantially the same as silicon. ZGl48 -SG -5- The
printhead,g,if¢! udes a mcro noulding 12 that is bonded to the core el ement
5. A silicon printhead chip 13 construgted using MEMS techni ques provides
the ink nozzles, chambers and actuators. As the effective coeffl ci ent of

t her mal expansi n of .th u t beamis ubs iall o that of
the sili colr[: pri ?Wé’é‘l’f}’e ﬁ ZS IP‘{])WL?SQE} SPEe PSH n}gntlélﬁbatp}sl K‘Er}ﬁ‘gg f'io%?:scé?FFbl y will
be mnimzed as_ it heats up operational tenperature. Accordingly, if

t he assenBlepenihy| dagilicen pmmh@ad ehjp 33 cansteyeted ysmignVIFES tashuighessprovides

al i gnnment between nodules will not change significantly. Furthernore, as

t he | am n#teank sédaziess ¢chambefs dndectuatoker shell is symmetrical in the sense
that different netals are synmetrically disposed around a central |ayer,

there is no tepdemeYerflild Q:o%fffcként td? @i@ﬂhge ﬁoﬁ’ fO@{h@%@@Oﬂ%ﬁ’p% on or

contraction of any one netal |n the | am nar ucture ourse, a non-
symetric par. s Jd al.s e dfrom 0

car ef ul dgusbisgn alcﬁ‘ eqcuﬁg{q ti‘? 189% pgg@??cgﬂp %F Eniés gfigpy n tg‘ﬁgnp tion
has been descrijbed herein by wag of exanpl e onl Skilled workers in this
field w | psspbly Wil bemimized asHbheathiep tnorsmtional isaperéurenisepdingn ifrany

ot her forns.
the assembly includes a plurality of aligned printhead modules, the alignment between

modules will not change significantly. Furthermore, as the laminated structure of the
outer shell is symmetrical in the sense that different metals are symmetrically disposed
around a central layer, there is no tendency of the shell to bow because of greater
expansion or contraction of any one metal in the laminar structure. Of course, a non-
symmetrical laminar structure could also be prevented from bowing by careful design
of the lateral cross section of the shell.

The invention has been described herein by way of example only. Skilled
workers in this field will readily recognise that the invention may be embodied in many

other forms.



ZG 148-SG 6 CLAIM5S 1. A pagewi dth printhead assenbly for a printer, the
printer having a page wdth, the assenbly conprising: a |ongitudinal core;
a pagew dth printhead nounted to the core; the pagew dth printhead
conprising two or nore nodul ar printheads; the pagew dth printhead being
stationary relative to the page width; the core being contained within an
outer |anmpaigd shell, the shell having an effective coefficient of
thermal expansion substantially equal_go that of the printhead. 2. A
print head assenbly according to claiml1l, wherein: the core has fornmed in
it one or nore ink reservoirs. 3. A printhead assenbly according to claim
1, whereip | am nate of the outer shell is fornmed fromat |east three
netals |a together, the | am nate having inner and outer |ayers
whi ch arelof tAepagawslth penthbad dsserAblyrfont lpeiatkr aths @ribtey haviagmdiapg widthe! ai m 1,
wherein: _the printhead.is fabricated fromsilicon. 5. A printhead assenbly
accor di ngthted?‘S?Frmlwqf?pr\‘/%‘é%‘ei n: the printhead is constructed using mcro
el ectronmechani galnolGiRNIGHes. 6. A printhead assenbly according to claim 1,
wher ei n:

a pagewidth printhead mounted to the core;

the pagewidth printhead comprising two or more modular printheads;

the pagewidth printhead being stationary relative to the page width;

the core being contained within an outer laminated shell, the shell having an
effective coefficient of thermal expansion substantially equal to that of the

printhead.

2. A printhead assembly according to claim 1, wherein:

the core has formed in it one or more ink reservoirs.

3. A printhead assembly according to claim 1, wherein:
the laminate of the outer shell is formed from at least three metals laminated
together, the laminate having inner and outer layers which are of the same

metal.

4, A printhead assembly according to claim 1, wherein:

the printhead is fabricated from silicon.

5. A printhead assembly according to claim 4, wherein:

the printhead is constructed using micro electromechanical techniques.

6. A printhead assembly according to claim 1, wherein:

the core is an extrusion defining separate ink reservoirs.

7. A printhead assembly according to claim 1, wherein:



the core is an extrusion defining separate ink reservoirs. 7. A printhead
assenbly according to claiml1l, wherein: ZG 148-SG -7 the outer shell is a
| am nated structure having an odd nunber of longitudinally extending

| ayers of at least two different nmetals wherein |ayers are arranged in a
symmetrical arrangenent. 8. A printhead assenbly according to claim1,
wherei n: the ggodul ar printheads are positioned end to end along the core.
9. A printhead assenbly according to cjaim1, wherein: the |am nated shel
conprises two or nore different materials, each having a different

coefficient of  therma xpansi.on. ,10. A printhead, assenbl y. accor.di to
claim6, wher e‘hﬁ:oufﬁéh%]ifi)%g%ﬂé}ﬁ%ﬁtﬁ?ﬂré a};{’&'ﬁgﬁ'}é}ﬂd I?"E'@@F \‘%ior“g‘ P%lgp
col lectively | gaghdifs RY&sQF at IRt SwHUFFLedTR il WBSretliaGlls AFcCarkR écﬂglql by the

a
core. 11. A printhead assenbly according to claim?9, &ﬂéreln:
| am nat ed shel $ynmoetpralsesngament. | ayers of invar.

8. A printhead assembly according to claim 1, wherein:

the modular printheads are positioned end to end along the core.

9. A printhead assembly according to claim 1, wherein:
the laminated shell comprises two or more different materials, each having a

different coefficient of thermal expansion.

10. A printhead assembly according to claim 6, wherein:
the extrusion comprises adjacent reservoirs which collectively lead to one or

more micro mouldings which are carried by the core.

11. A printhead assembly according to claim 9, wherein:

the laminated shell comprises outer layers of invar.



