ZGl76-SG 1 LAM NATED SUPPORT STRUCTURE FOR SI LI CON PRI NTHEAD MODULES Fi el d
of the Invention The present invention relates to nmodular printheads for
digital printers and in particular to pagew dth inkjet printers. Co-Pending
Applications Various nethods, systems and apparatus relating to the present
invention are disclosed in the follow ng co-pending applications filed by
the applicant or assignee of the present invention on 24 May 2000:

PCT/ AUCQO 88578 PCT/ AU00/ 00579PCT/ AUO0/ 00581 PCT/ AUOO/ 00580

PCT/ AUOCQO 00582PCTI AUOO/ 00587 PCT/ AU00/ 0b588 PCTI AUOCO' 00589

PCT/ AUOO/ 00583PCT/ AUCO' 00593PCT/ AUCO' 00590 PCT/ AUOO/ 00591

PCT/ AUCO' 00592PCT/ AU0O/ 00584 PCT/ AU00/ 00585 PCT/ AUOO/ 00586

PCT/ AUOCQ 00594PMINATIER,SHBBOB PETRUCTHYRE HSBSILHCTN RBIGTHRAEIMODULES

PCT/ AUCO' 00598PCT/ AUCO' 00516PCT/ AUCO' 00517 PCT/ AUOCO 00511 Var i}lousI met gods,
systens a e i@hi Ng to the present invention are isclosed in
t%e foll ol\fm[br!g co- peﬁg‘fénrgﬁg%pl i cation, PCT/AU00/ 01445 filed by the

appl i cant or Huspyned ioventios plesentmbduanpiictheals a7 diginb pister20@Din The

di scl osures of these co-pending applications are incorporatﬁd gere:n by
cross-ref a4 to idihneRepsimt@d by cross-reference, is the disclosure
of a co-fﬁrgd PCT%%%“ ca’??loﬁeﬁ PCT/ AU01/ 00239 (deriving priority from
Australian Provisional Patent Application

Co-Pending Applications

Various methods, systems and apparatus relating to the present invention are
disclosed 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/AUO00/00580
PCT/AU00/00582 PCT/AUQ0/00587 PCT/AU00/00588 PCT/AU00/00589
PCT/AU00/00583 PCT/AU00/00593  PCT/AU00/00590 PCT/AU00/00591
PCT/AU00/00592 PC1/AU00/00584 PCT/AU00/00585 PCT/AU00/00586
PCT/AU00/00594 PCT/AU00/00595 PCT/AU00/00596 PCT/AU0G0/00597
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/AU01/00239 (deriving priority from Australian Provisional Patent Application

No. PQ6058).




No. PQ6058). ZGl76-SG 2 Background of the Invention Recently, inkjet
printers have been devel oped whi ch use printheads manufactured by mcro

el ectro nechani cal systenms (MEMS) techni ques. Such printheads have arrays
of mcroscopic ink ejector nozzles formed in a silicon chip using MEMS
manuf acturing techniques. Printheads of this type are well suited for use
in pagewi dth printers. Pagewidth printers have stationary printheads that
extend thé&EM¥t h of the page to increase printing speeds. Pagew dth
printers are able to print nore quickt¥-than conventional printers because
the printhead does not traverse back and forth across the page. To reduce
pr oduct i oBamkgyropprchof thednventionhe print heads are nade up of separate

print head nodyl es .noupt ed.adj acen; each other on a support beamin the
printer. To BREHE fp‘f”Pf@#ia&? éerfeéélﬁge‘gWhWéﬁsF aﬁgt?lp%dsm@u&quwd ng, it
is necessary to accurately align the nodules after they have been nounted
to the suppsrerostestre n@ebaniea!isyvierds (ME¥S)gedhniduasy Suchrpriosindadsrbabiel aeraps eci sel y
abuts the printing from adjacent nodules. Unfortunately, the alignnment of

the print bmitrosedpicésk ejbctaniizARlks féemEdan atsiiicdn chipldsingVIRBES MRRTadthens uppor t
beam expands as it heats up to the operating tenperature of the printer.
Fur t her MD{Bpnilfest Ne printhead nodul es are accurately aligned when the
support beamis at the equilibriumoperating tenperature of the printer,

J; 2:2 h eg 4 ?ﬁ g € pf’l%ll)thgadgl o%qfﬁls A %Eai}(t: %velllnsugtgg fng)rr Jm@ti{q q)gggvs‘?l)c/lthogr(i:rﬁgrsp ?cagcr:v%idgthh e beam

printers have stationary printheads that extend the width of the page to increase printing
speeds. Pagewidth printers are able to print more quickly than conventional printers
because the printhead does not traverse back and forth across the page.

To reduce production and operating costs, the printheads are made up of separate
printhead modules mounted adjacent each other on a support beam in the printer. To
ensure that there are no gaps or overlaps in the printing, 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 to the operating temperature
of the printer. Furthermore, if the printhead modules are accurately aligned when the
support beam is at the equilibrium operating temperature of the printer, then
unacceptable misalignments in the printing may occur before the beam reaches the
operating temperature. Even if the printhead is not modularized thereby making the
alignment problem irrelevant, the support beam and printhead may bow and distort the

printing because of the different thermal expansion characteristics.




operating tenperature. Even if the printhead is not nodul ari zed t hereby
maki ng the alignnment problemirrel evant, the support beam and printhead
may bow and distort the printing because of the different thermnal
expansi on characteristics. ZGlL76-SG -3 Sunmary of the Invention
Accordingly, the present invention provides a printhead assenbly for a
printer, the printhead assenbly including: an el ongate support nenber for
attachmenfGif©e*@ he printer; a printhead adapted to nount the support nenber,
the printhead having and array of ink3ejector nozzles forned in a
substrate material; wherein, the support nenber is fornmed froma plurality
of differ Summeryrofthe hmemtgondi f f erent coefficients of thernmal expansion

and configureq such that the effective coefficient of therml expansion of
the cupport " raptiitel’ B Sl iRt Gratde o pREbeRERPS AT AgTIer ol
expansi on of the substrate material. In sone enbodi nents, the support
nenmber i sthg printhepdpsspmbly inflodingny odd nunber of |ongitudinal ly extending

| ayers of at least two different naterials wherein layers of the sane

mat eri al ar e ayefomdatd ambby nebinsee Sedittadionknt tdwhe peitef;al | ayer. In a
particularly preferred form the | am nar beam has three | ongitudinally

tending | ' ' dth
extendi ng | aygpgnthidieidpicd%o hi&%nptllhte %{‘I?#ﬁlﬁ‘%bgrh@(ﬂ’.r{ﬁ%%a@ hﬁﬁhg b <

central layer 1s a second material. ot her , printhead is
e B ol s Bt e R BB o oot o the
the support member is formed from a plurality of different materials having
different coefficients of thermal expansion and configured such that the effective
coefficient of thermal expansion of the support member is substantially equal to the
coeflicient of thermal expansion of the substrate material.
In some embodiments, the support member is a laminar beam with any odd
number of longitudinally extending layers of at least two different materials wherein
layers of the same material are symmetrically disposed about the central layer. In a
particularly preferred form, the laminar beam has three longitudinally extending layers
where the two outer layers are a first material and the central layer is a second material.
In other embodiments, the printhead is made up of a plurality of printhead
modules adapted to mount to the support member at respective mounting points spaced
along the support member; and
the support member is a composite beam made up of segments of at least two
different materials arranged end to end, wherein,
between any two of the mounting points of the printhead modules there is at least

part of at least two of the segments such that the effective coefficient of thermal




al ong the support menber; and the support nmenber is a conposite beam nade
up of segnents of at least two different materials arranged end to end,
wherein, between any two of the nmounting points of the printhead nodul es
there is at least part of at |east two of the segnents such that the
effective coefficient of thermal ZGl76-SG -4- expansion of the support
menber between the points is substantially equal to the coefficient of

t hermal ex®@resi on of the substrate material. Preferably, the substrate
material is silicon and the arrays of-4tnk ejector nozzles are formed using
MEMS techniques. In some preferred forns, one of the materials is invar,
and at | eagbngdoe offthé vapmirh efembrtiRtwa@nsthbasoidts G ehubitantiilly @fual ke tvel
expansion greater than that of silicon. It will be appreciated that the use

of a compeskfiGert ' $P AR hal B ﬁod‘&qﬁewbgmlst@%atérﬁ&ﬁ two different materials

having different coefficients of thermal expansion provide an effective
coefficient her, e nsi on t.hat I.s substantially.the same as silicon.
Form ng the cBRioaItans SERERS BRRHAG URPREPLHEE wedinafitt SiRhrefiey end 1o
end will prevent bpm%&g as |ong as the segnent conbinations repeat in

accor danc&e hprmed using BN techidliesi ng “pitch’ or spacing. Each conbi nation
of different materials extending between the nounting points of the

print head nodunlsesiemustrréthfoemgeameroditheymatelids saimearefiident l¢ageoreaddithie cthent of
thermal expansion as silicon. Sinply ensuring that the effective

coef fi ci ephtehlshhes BRI RVTThEMaPExpaiifoVBiRhRr HAA Mt 8 et the sane as

It will be appreciated that the use of a composite support member made from at
least two different materials having different coefficients of thermal expansion provide
an effective coefficient of thermal expansion that is substantially the same as silicon.

Forming the composite beam by bonding different segments of material end to
end will prevent bowing as long as the segment combinations repeat in accordance with
the module mounting ‘pitch’ or spacing. Each combination of different materials
extending between the mounting points of the printhead modules must have generally
the same effective coefficient of thermal expansion as silicon. Simply ensuring that the
effective coefficient of thermal expansion of the whole beam is about the same as
silicon will not ensure that the modules remain aligned as the coefficient between any
two adjacent mounting points may be higher or lower than silicon, thus causing

misalignment.

Brief Description of the Drawing
A preferred embodiment of the invention will now be described, by way of

example only, with reference to the accompanying drawing in which:



silicon will not ensure that the nodules remain aligned as the coefficient
between any two adjacent nounting points may be higher or |ower than
silicon, thus causing msalignment. Brief Description of the Drawing A
preferred enbodi nent of the invention will now be described, by way of
exanple only, with reference to the acconpanying drawi ng i n which: ZGlL76- SG
-5- Figure 1 is a schematic |ongitudinal cross section of a first

enbodi nenfC18FS& print head assenbly according to the present invention; and,
Figure 2 is a schematic |ongitudinal tdoss section of a second embodi nent
of a printhead assenbly according to the present invention. Detailed
Descri ption oFiguteel B @f shewatiEhingitidioal cief eeation gft  fiFst gutedimertt v a

pri nt head assenbly has a support beam 1 supporting a plurality of printhead

nmodul es 2péabitadaydnitdy accirdihg anthpMsemiihvdnfieathinahi p. The support beam 1 is
a hot rolled three-layer lamnate consisting of two different materials.

The outer | ay?"gﬁre?’z ‘i"sn&I bhedlBic 68 Oégﬁq*nfagg Qé{:ﬁénv(\ﬁ’ fogggéﬁﬁpétﬁgédl%eﬁ

coefficient o therna expansi res per degree
Cel sius. Th ef fi ent of. &P r mal ex ion of silicon is about 2.5 x
10- 6 netr%%n fﬁ%ﬁ? L AERfYPg 1§ﬁ8“?ﬁgﬂ ﬁ@“ the central layer 5 nust have
a coefficient of thermal expansion greater than this in order to give the

support beam as a whol e a coefficient of thermal expansion substantially
equal to Pelailed Qestprdghon of the Preferred Embodimen

Referring to Figure 1, the printhead assembly has a support beam 1 supporting a
plurality of printhead modules 2 each having a silicon MEMS printhead chip. The
support beam 1 is a hot rolled three-layer laminate consisting of two different materials.
The outer layers 3 and 4 are formed from invar which typically has a coefficient of
thermal expansion of about 1.3 x 107 metres per degree Celsius. The coefficient of
thermal expansion of silicon is about 2.5 x 10" metres per degree Celsius and therefore
the central layer 5 must have a coefficient of thermal expansion greater than this in
order to give the support beam as a whole a coefficient of thermal expansion
substantially equal to that of silicon.

It will be appreciated that the effective coefficient of thermal expansion of the
support beam will depend on the coefficient of thermal expansion of both metals, the
Young’s Modulus of both metals and the thickness of each layer. In order to prevent
the beam from bowing, the outer layers 3 and 4 should be the same thickness,

Referring to Figure 2, the printhead assembly shown as an elongate support beam
1 supporting the printhead modules 2. Each printhead module has a silicon MEMS

printhead chip.




It wll be appreciated that the effective coefficient of thermal expansion
of the support beamw || depend on the coefficient of thermal expansion of
both netals, the Young' s Mddulus of both netals and the thickness of each
| ayer. In order to prevent the beam from bowi ng, the outer layers 3 and 4
shoul d be the sane thickness. Referring to Figure 2, the printhead assenbly
shown as an el ongate support beam 1 supporting the printhead nodul es 2.
Each pri nf¥és® nodul e has a silicon MEMS printhead chip. ZGL76-SG -6- The
support beam 1l is forned fromtwo different materials 3 and 4 bonded
together end to end. Again, one of the materials has a coefficient of

t her mal expan¥horupposts beandnist franedflramn Itivoodiffaredt iecrtild8randadt dioindéd has one
greater than that of silicon. The Ilength of each segnment is selected such

that the pigthtnaroRaCiAMin, Bhe BF 1he hRathPhdsHedficild o terRhif &%&ﬁs\f&l

coefficient of thernmal expansion substantially equal to that of silicon. It
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ntg and vari ations jch do not depart fromthe scope of the
i nvent i on'*™ 6’@%@‘3%%&54? l@%e‘:ti‘? S%wéhtﬁhwaahMﬁwge & prpthicad pigeh z&n
el ongated beam forned from odd nunber of |ayers, there being a pair of
has an effective coefficient of thermal expansion substantially equal to that of silicon.
It will be appreciated that the present invention has been described herein by way

of example only. Skilled workers in this field would recognize many other

embodiments and variations which do not depart from the scope of the invention.




outer layers symetrically di sposed about and |lam nated to a core, the
coefficient of thermal expansion of the core and the outer |ayers
providing a coefficient of expansion, in the beam substantially equal to
that of silicon. 2. The support structure of claim1l, wherein: the outer

| ayers are the same thickness. 3. The support structure of claim1,
wherein: the outer layers are made frominvar. 4. The support structure of
claiml, whesss n: the coefficient of thermal expansion of the outer |ayers
and the core is different. 5. The suppdrt structure of claim1, and further
conprising: a plurality of printhead nodul es positioned end to end al ong
the beam 6. The support structure of claimb5, wherein: the printhead

nodul es aOLAﬂ“Ssilicon MEMS type nodul es. 7. The support structure of
claim1l, erein: s are.hot rolled. 8. The support structure of

claim7, where r“ﬂﬁ@ Pﬁﬁgi WPTSfE%e in nunber and the core has a
coefficient of,f BRmBRkd RARABHHAD AR BEE huklBN of RRErsOthe®d biGE: pair of

outer layers symmetrically disposed about and laminated to a core, the coefficient of
thermal expansion of the core and the outer layers providing a coefficient of expansion,

in the beam, substantially equal to that of silicon.

2. The support structure of claim 1, wherein:

the outer layers are the same thickness.

3. The support structure of claim 1, wherein:

the outer layers are made from invar.

4, The support structure of claim 1, wherein:

the coefficient of thermal expansion of the outer layers and the core is different,

5. The support structure of claim 1, and further comprising:

a plurality of printhead modules positioned end to end along the beam.

6. The support structure of claim 5, wherein:
the printhead modules are all silicon MEMS type modules.

7. The support structure of claim 1, wherein:

the layers are hot rolled.

8. The support structure of claim 7, wherein:
the layers are three in number and the core has a coefficient of thermal

expansion greater than that of silicon,



