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Lam nat ed support structure for silicon printhead nodules FIELD OF THE

| NVENTI ON The present invention relates to nodul ar printheads for digital
printers and in particular to pagewdth inkjet printers. CO PEND NG

APPLI CATI ONS Vari ous net hods, systens 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:

TABLE- US- 00001 PCT/ A 00578%/AUOO"80579 PCT/ A 2%18 g‘% PCT/ AUOO/ 00580
PCT/ AUOQ 00582 PEHNA S¥BR? nats/ 198 58ico B¢ 38838%PCT/ AUD0/ 00583
PCT/ AUOCQ 00593 PCT/ AUCO 00590 PCT/ AUOO/ 00591 PCT/ AUOQ 00592 PCT/ AU00/ 00584
PCT/ AUCO' 00585 PCT/ AUOO 00586 PCT/ AUOO/ 00594 PCT/ AU0O0/ 00595 PCT/ AUOO/ 00596
PCT/ AUCO' 00597 PCT/ AU00O/ 00598 PCT/ AUOO/ 00516 PCT/ AUOO/ 00517 PCT/ AU0O/ 00511
Vari ous nethdd? O{HEdNYERRHOAppar at us relating to the present invention
are disclosed in the follow ng co-pending application, PCT/ AU00/ 01445
filed by tHAbe pespitimentionrelassiognebilafprintheads fos digitali pringers aahinon 27 Nov.
2000. The gasicllestorpagewidth inkgs erinterspendi ng appl i cati ons are i ncorporated
herein by cross-reference. Also incorporated by cross-reference, is the

di scl osur e Cof-PBNDING Appl IeGITIed | cation, PCT/ AU 01/00239 (deriving
priority from Australi an Provi si onal Patent Application No. PQ058).
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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 Nov. 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/AU 01/00239 (deriving priority from Australian Provisional Patent Application
No. PQ6058).

BACKGROUND OF THE INVENTION

Recently, inkjet printers have been developed which use printheads manufactured by
micro electro mechanical systems (MEMS) techniques. Such printheads have arrays
of microscopic ink ejector nozzles formed in a silicon chip using MEMS
manufacturing techniques.

Printheads of this type are well suited for use in pagewidth printers. Pagewidth
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
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printing speeds. Pagewi dth printers are able to print nore 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 nodul es nounted adjacent each
other on a support beamin the printer. To ensure that there are no gaps
or overl aps in the printing, it is necessary to accurately 1 align t he
nodul es aft ve ort eam | gned,

(he ori i LT Mﬁ@"f‘saﬁ%? I ;Ve”begé okl HRBbe B il n%@@?@gd, acent
nodul es. %rluﬂ?ﬁ ou sachipoduls prafisel¥ abys thepintng HUPEESht anbi ent
tenperature will change when the support beam expands as it heats up to

t he oper at H\’é iy degaligngrent effhe wptﬁg@fmo fhles Hambigng temeratwe iHi nt head
modul es ar é ﬁ@@m@péhwswpe@h@@nﬁmds At heatppp fot thp epereting tempetaireqli | bri um
oper ati ng thenpertert Gurthephotehd the prmthead modres ain acosydlpblignedielahitymment s i n

t he printi sgppoetybeamdsat the Equikbtilne operating eaghkesurt lbé theqpeuna; thaig t enper at ur e.
Even if t hengckpthbieadsdlignmehts il thel pintiag ehalyRRE@e forakient@aheachas ingnnent
problemir b@éx@ﬂ@g’lttem keurs, URRANE the amhadishiok ﬂfohﬁq@ﬁzéa&xeﬂaey\hﬁﬁﬁh dhstort the
printing bgg obtlé?ﬁnijélésfa‘ﬁf%s p&iBaIm SXPHIRhOR FNPEAC hRT bisfokCS -
SUMVRRY OF ] r%)l ‘E'?\%Q\Bf’%ﬁga{f?é'rélﬂ p&p&{l% ra{c&‘frr’s;g%é on provides a

print head as printer e prrn asse y including: an
el ongate s nt to the printer; a printhead adapted
to rrgunt tﬁ(@wmg&ﬁmg)t&mm head hav:ong and arrgy of ink e gct or
nozzles formed jn a substrate naterial; wherein, the_ support menber i's
formed froMCeTgingPakheRressnt iavertiondyevides apintheadpaseinly Hireraingit the
coef fi ci enpyn@ead aseamily ivokphingi on and configured such that the effective
coefficient of thermal expansion of the support nenber is substantially
equal to thaecloogdté supperttmendfer féreattaeliment patieippintedf t he substrate materi al .
In somne errbodi ments, the support nmenber is a | am nar beamw th any odd
nunber mﬁﬁﬂ@b&d&iﬁaﬁ@ﬁ kyy nsheme sifgpoktan&hBerOfhe Pinthe @b havin®artll drfgrognt
materials &tdp nb@ﬁl@f%rm@d m%hﬁxb%ﬁ@nﬂé@ér%‘[ 'x@ler@fﬁe symmetrical ly disposed
about the ce ral |ayer.

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 coefficient

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
expansion of the support member between the points is substantially equal to the
coefficient of thermal expansion of the substrate material.
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particularly preferred form the | am nar beam has three |ongitudinally
extending |ayers where the two outer layers are a first material and the
central layer is a second naterial. In other enbodinents, the printhead is
made up of a plurality of printhead nodul es adapted to nount to the
support nmenber at respective nmounting points spaced along the support
menber; and the support nmenber is a conposite beam made up of segnents of

at |east t ter ran end to bet ween any
tvo of the\fp @e Shlefyids iR REGue Aatnw S welB TGt aRohss o part
of at Ieastf Fhmques such that the effective coefficient of

t her mal expanS| on of the support nenber between the points is

subst ant i allh foraqjpreferied formes, ongpef the satarial o inveBRAARL lesgh ans plthe ofher he
substrat e mtestalslias azopifisient abthgrmal kepansivstareate themttbatiadlsilicsn.si | i con and t he
arrays of ink ejector nozzles are fornmed using MEMS techniques. In sone
preferred fowilishe appeecizfed that thatierifal ®nipssitdsigpport afethbat mhéagbmandeasf t he

ot her mat ekd alfferdtd saterOeaving Bfftreaf cdehfRiidms oPKPANS bQANGOR PRI &han t hat

of sili coneffbdtivéichéffiRRnAGEES AL GHNLDAhd: ResUBSENPHllyahE QIROAI IR 0RUPPOT t
menber made fromat |least two different materials haV| ng different

coef 11 ci enlg, o LEINos G RANSh o REAYl ﬁeats?mﬁtetﬁ ot GORA ot of

t hermal expapsi ng the

conposi t e ‘%Rt Kont bomvan%as lang'% ﬁ%sﬁtgrge g%ﬁ (GO rEReal o a%CC%rﬁante A i 1
prevent bo eVIBH FL oL SPARLE (?rﬂ%‘t‘?&’i’s‘)f LS P or dance
with the lgg Wﬁtri ntle&ml@ts %ﬁﬁ%@:})r caddReluls BT &Yn of different
materi al s g@?@t*ﬂﬁdhﬁ Rt ﬁeP hymebeession as Akcosy SHEMEad modul es
must have crfgneg dat etetﬁ%cts\e@r@eﬁﬁcﬂ@rtpf tb@rrod@mparcsn@rﬂf tlf whele bagih iexpansi on as
si licon. Shlpitthe semsas sitigont Wt notreaswet flet theveodwes itineineatiigned as ther mal

expansi on céeffitientieolenbenanwe sdjaadnotouhtity seEims nas tRilligleoor Wivdr tiemt  ensur e
that the nuidubgshuseaming aisafpnefeds the coefficient between any two

adj acent mounting points nmay be higher or Iower than silicon, thus causing

m sal i gNMeRRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the invention will now be described, by way of example
only, with reference to the accompanying drawing in which:

FIG. 1 is a schematic longitudinal cross section of a first embodiment of a printhead
assembly according to the present invention; and,

FIG. 2 is a schematic longitudinal cross section of a second embodiment of a
printhead assembly according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to FIG. 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 1.3x10 metres per degree Celsius. The
coefficient of thermal expansion of silicon is about 2.5x10°® 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
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BRI EF DESCRI PTI ON OF THE DRAW NGS A preferred enbodi nent of the invention
w Il now be described, by way of exanple only, with reference to the
acconpanying drawing in which: FIG 1 is a schematic |ongitudinal cross
section of a first enbodimnent of a printhead assenbly according to the
present invention;, and, FIG 2 is a schematic |ongitudinal cross section of
a second enbodi nent of a printhead assenbly according to the present

i nvention. TAI L SCRI PTI ON VBODI Referring to
FG 1, o A RO R b PHeYelt S apb s rro O AR{TE SapNTERy a pl ural ity
of prlnthead nmodul es 2 each having a silicon MEMS printhead chip. The
support beatffaring (F Ky 2, ﬁ@ﬂF%@“?%P%@mP5V$PWP§ﬁﬁH§F@g@6ﬁﬂﬁﬂﬁh? t Wo

di fferent sSHERGHRGIhS privsadmodples Ayleach printiead mogpls s p midigon Pnvar which
typi cal |y Ipasthgad elvef fici ent of thermal expansion of about 1.3x106 metres
per degree Celsius. The coefficient of thermal expansion of silicon is
about 2. 5x TheGupmirt ieanmpefs fdegrdefeom Geb diftgermehtéridy 2hat £bdited cegthieal | ayer 5
must have angeeédd. aigeint off oftthemaRlials@Xp a6 fBiBical Gah&mal Ebé}ﬁnﬁlbﬂl fesn order to
gi ve the syppQhit o@@aﬁbﬁl&n@th%ﬁ{e@ nfat¢Rehdd &ie%éater(iﬁarftlﬂ%rdm licB¥PARSI on

subst anti allé (LGB §QnidiRls Rfecllsh@PRat thi p (pﬁaa i H%g %&H@}f the
effective 71) Eé éﬁ%ﬁ’& 1v?&oé‘fﬁ8 tﬁé%%l‘&p%ﬁmg 4] ?an 1§1 e"q% #}to ﬁe@ | depend
on the coe { oung' s

iclen &t mal expansi on "0
Modul us of o? metal s and the thickness of each Iayer In order to prevent
3 the bea fron1bomnn he outer | ayers 3 and 4 should be the s ne
t hi ckness. a?f‘dl ti?mhe presen anvisption hasaigen dessHptdhese iy vy
el ongat e sG I?OBQ lﬂed§ﬁ§%%ﬁHMh felbwpplid Aedogaie meatiodsr 2. Each prlnthead
modul e has cabsgdinjeptsran/EaEatiqns iwhi aidepart froe theipgope of theamventips. f or ned
fromtwo different materials 3 and 4 bonded together end to end. Again,
one of the materials has a coefficient of thernmal expansion |less than that
of silicon and the other nmaterial has one greater than that of silicon. The
| engt h of each segnent is selected such that the printhead spacing, or
printhead pitch
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A, 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 exanple only. Skilled workers in this
field woul d recogni ze many other enbodi nents and vari ations which do not
depart fromthe scope of the invention. 4 Clains 1. A printhead assenbly
conprising: a printhead support beam formed froman odd nunber of |ayers,
there being a pair of outer |ayers sxﬂgetrically di sposed about and

| am nated to a core, the coefficient Mfher mal expansi on of the core and
the outer layers providing a coefficient of expansion, in the beam
substantially equal to that of silicon wherein: the coefficients of

t hermal expansion of the outer layers and the core are different. 2. The
pri nt head asAemintheadfsseinblynoyprisingr e printhtdbsuppoe bedrayemsddrom thedd ane

t hi ckness. nBmbdine 1pyery) thiveabeins s @aib by owtr labats Byhmeirrall gdidposetiebaut er | ayers
are made f aRMahiivaéd to deord,MEe Qefdifigd (ReBENGXpYnsn 6 tBE Bdrd andierei n the
beam i s el gigataQerspR&idifs 8B tYicichUbt dXBANSRHTRY 1he bR, FibBankicAlyickMal@b
printhead ppAyt &RcdOshdtiangd c6 cfeﬁts%@?hf%gl p%(gh{iﬁ?on DEABbuter laJ41§ oRd | Nt head

assenbly o I ifrlgrer n: the prin es are all Silicon MEMS
type nDduIggﬁog%g#égfprlhthead assenbly of claim1, wherein: the |ayers are

hot roll ed . Th r.i nt head semply of. claim6, wherein: the |ayers are
three in nmpraﬁ%&dtaﬁ%@f o SIRETD WsBoin b Bite” oy S R bert o ana o,
greater thd¥*f& of silicon. 5

3. The printhead assembly of claim 1, wherein: the outer layers are made from invar.
4. The printhead assembly of claim 1, wherein the beam is elongate, the assembly
further comprising: a plurality of printhead modules positioned end to end along the

beam.

5. The printhead assembly of claim 4, wherein: the printhead modules are all silicon
MEMS type modules.

6. The printhead assembly of claim 1, wherein: the layers are hot rolled.

7. The printhead assembly of claim 6, wherein: the layers are three in number and
the core has a coefficient of thermal expansion greater than that of silicon.



