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of the pres@ﬁ.tg*lﬂristelhggml 27 Novenber 2000. The discl osures of these co
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- PCT/ AU01/ 00239, which derive their priority from Australian Provisional

Pat ent Application nos. PQO059 and PQ6058. ~ackgraund of the Invention
Recently, inkjet printers have been devel oped which use printheads

manuf actured by micro-el ectro nmechanical systens (MEMS) techniques. Such
print heads have arrays of mcroscopic ink ejector nozzl efﬁoggp%ghp a
silicon chip using MEMS nmanufacturing teeohni ques. The inventiodn 'l be
described with particular reference to silicon printhead chips for digital

i nkj et priPCRAUOWEI2BHN n S h ers and gctuators of the chip are
fornmed usi ng MEMS techni‘gﬁgg. alé-él\//\iv%]ﬁ? ?ggﬂbl If?‘HB traléanat Reqvisiemal t Patenti s

in no wWay A&ichist LYE he, | é}ion may al so be used in nmany ot her
applicati on@.c1 é{lﬁf&%snPg:Bﬁﬁ%g%ﬁg s are well suited for use in pagew dth
printers having stationary printheads. These printhead chips extend the

wi dth of a page instead of traversing back and forth across the page,

t her eby iﬁaehgrmndrdmﬁmmmgﬁ. The probability of a production defect
in an eight inch long chip is nmuch higher than a one inch chip. The high

defect rate t RSt okistpripterehane beeh devlgpednrigehiGid sihiRads mpga%{squq ﬁiSt s.

To reduce the production and operating costs of pagew dth prin

pr i nt head migsp-¢lectreemiechapical sygteny (MEMS) te3RR) int hea dul es npunt ed
adj acent one anot her, each nodul e havi ?19 It ﬁ?ﬁ%&ipﬁpﬂgﬁ%%ﬁaﬁo’énsure

t hat t her enigfose LR the printing produced by adjacent

pri nt head rr[)duldg’(éb ?lfﬁ&?cs?%ggé@ééary c%’%%&‘ﬁf:&’ﬁ ghip using MEMSemanufattasngf t er

t hey have &ﬁﬁi’&u@ ted to a s ‘iport beam Once aligned, the printing from
each modul® precr selyMEBeR WiHeslessnbed gvith particwiraeferéncews!siliesn printhead SEP
2004 Unfortunately, the alignment of the printhead nodul es at anbi ent

t enper at ufP§f9r|digitah inkict mrigters Wwhersimpthe nbzles bhA a8 8hsd ?\?\i)ﬁ{ﬁﬁ%%@ﬁfsch” to the
operating terrgerature of the printer. SUWARY OF THE | cc afeng to
a first afqrmed usingMBMSSteEtnidurse Mdvaly i I nf head. assenbl y for an
inkjet printer, the print hea%l assenbl ;@Ftﬁ%?lﬂ%ﬁ?&&%&%{) tgtgfstlé’%%ﬁ’&b’t
menber anfksBicfivé Bid'8R Gy i it uppor t mber. having a unitary
mount i ng el enent ang@g%vegg?lgg&ggﬁséc‘%5?5{)%6%?'5%@3%1’5%- and outer shell
formed from dgffer ﬁ;[’ maf_{]c rials; said printhead adapted for nmounting to the
mounting el enent a theg up ugted fprpse in Pagewidth pohweshaving Satidriang er ;
the materi aIE of H\\e support nenber are selected and structurally conbi ned
such t hat PRtBcadseheseinsinthead chipsiemtend ehepaidsti ofa pigetiffe AT ‘]"%htmém is
subst ant ijfa%eequgll to the coefficient of thermal expansion oﬁ‘s e

pri nt headto r08$ thetpage, Shedeloy incraasiBe prigti | g l.ative noyenent

bet ween the nounting el ems\ﬁlfar and thgrpgg%lléérw%ﬁgﬁ'Iriﬂe%?){)ﬁ@ty&jﬁ%% Ugp this

speci fi cedefan jin dd EighiGAEH fohs icRIY i Q expansi.on t he support
nenber" is the effgcti ve cgefﬁlg?%ur#hﬁlﬁ?khgr%%mé %P'oﬁ*f‘%h‘gf‘lﬁ’éfeﬁbmi ng

el ement tradpisIatks i - t.any.external influences fromthe rest of the
support. Pref eré’ﬁ’?ﬁ‘gﬁ%’l"g‘ﬁhrﬁrﬁ%‘%&°f‘§“ RRETBINGRNSE- pri nt head nodul es t hat
separately 18 t%v\t)hhe rgounti ng, el enent, each of the nodul es having a 25
silicon NEMB cHieBUCqihe PEAHC OMsanaenerating cebte pE pagemsdthlpsiptera theprifthesd may
silicon. .In a particularly preferred forn) the support menber further

i ncl udes % PRI qdrserierofadparatprimiread tcRTER U] R RehE molEfSERD! Y
the nmounting el enment is supported by, and adjustably 30 positi ondapl e

Wi t hin, tohedubebadingios 6w® Brinthead chip. 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 a support beam. Once aligned, the printing from

each module precisely abuts the printing from adjacent modules.



2 SEP 2004 In sone enbodinents) the printer is a pagewdth printer and the
support nenber is a beamw th an el ongate netal shell enclosing a central
core fornmed fromsilicon. Conveniently, the beamis adapted to all ow
linited relative novenent between the silicgn core and the EEI ﬁd}ell. To
achieve this the beam may include an el astoneric |ayer inteerS ea et ween

the silicon core and YRAEWsRiRlysthe bligifuenhef lﬂﬁ?rinfﬁé%doh'-{ogjpgsh% gmﬁéfmgg

formed from | am iaalfd: - at least two difrerent ne
appreci at ed t hat ttﬁag‘ﬁgg@f8ﬁ%’?9%lg’ﬁeﬁﬁhﬁﬁﬁpﬁaﬁéﬁa@h expards a9t hddi§ up to
orber can be. . 1o suRe e e e R 18 2Pl o Cor therml

menber can be ngggm§ubstantlally mat c

expansion of th gaQFJH'iEiNVENTHON any significant differences

bet ween thesthernal e 1on of, the printhead and the nmounting section of
t he support menber) e Hgﬁlgglt%ﬁg"%tfasﬁlephtt%ﬁfﬁ&enﬂimwenmﬁpfd»ﬁﬂﬁ@é‘brhﬁh@ad

avoi ded. By desiagsembly it LB H’?Fb commpdat e sone relative
novenent between the o%ter shgﬁﬁbgn h@ﬁerﬁ'ﬂﬂﬁggié?ﬁ%wﬁwn@lugrrm ens of

bowi ng are al so avoi GeeRMPBEsits siesamt MEMivEr Ad hfb‘?inﬁé‘y&é”g A preferred
enbodi nent of the p“’s%f‘d"{; |jgnve.ntion wi || now be descriBed by way of exanple
only, with reference to rhar3eleRPRReT membamhadng ianunitarg ot flerhent 2
schemati c cross agdai omtepihal:pri nt head assenbly according to thé present

i nventi on.1ODet ail ed Description of the Preferred Enbodi nents Referring to

the figure, the' prinfAKHAOUREgWIEMEnt And oatapshall fRReITRAY is fixed to

a suppgrt beam 3 adaeh&ﬁﬂ Qh uguti ng.in a di_gi"!al pPi nt elrjﬁfﬁﬁ%ﬂt HEHRAS: The

printhead modul e 2 has a8 I?%gﬂ ?)‘?tﬁatfq’féﬁ@iféfquodhefﬁwnﬁ ) plehdsnt &R y of
hg ! dayaich

i nk nozzl es, chauteshelladapiidi®r attachfiereth H%rﬂgerNENS techni ques.
the materials of the support member are selected and structurally
combined such that the coefficient of thermal expansion of the éupport

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

15

wherein the support member allows limited relative movement
between the mounting element and the outer shell.

For the purposes of this specification, “the coefficient of thermal
expansion of the support member” is the effective coefficient of thermal

€xpansion of the mounting element taking into account any external
influences from the rest of the support.

20

Preferably, the printhead is two or more printhead modules that
separately mount to the mounting element, each of the modules having a

25 silicon MEMS chip, wherein the mounting element is also formed from
silicon, |

In a particularly preferred form, the support member further includes a
metal portion adapted for attachment to a printer.

Preferably the mounting element is Supported by, and adjustably
30 positionable within, the metal portion.



' i sal i he printing produced by
-5 To ensure that any m salignnment of t _ :
gdfgseﬁgogriﬁthead nodul es 2 does not exceed a predeternLneFdngrgggr; hgfch
coefficient of thermal expansion of ths sprgg; b?ﬁg]ﬁaiiﬁan1and sely
icient of thermal expansion of sili : |
grfoﬁggf ]:al coefficients of thermal expagfgo% fsglri ;Eﬁeﬁgpﬁg \tséiﬁ%n%?:agggt be
using: the maxi mum perm ssi bl-g .m
S?:ﬁ?nggg' and? the di fference between anbient tenperature (or nore

| les 2 are nounted and aligned
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PcrBEl S 1.25 x 106 mMC 2 SEP

be formed from laminated layers of at least two different metals.

It will be appreciated that through careful dcsign and material selection, the
coefficient of thermal cxpansioh of the mounting section of the support member can be
made to substantially match the coefficient of thermal expansion of the printhead chips.
Without any significant differences between the thermal expansion of the printhead and the
mounting section of the support member, the problems of printhead module misalignment

are avoided. By designing the support member to accommodate some relative movement

between the outer shell and mounting section, the problems of bowing are also avoided.

Brief Description of the Drawing

A preferred embodiment of the present invention will now be described by way of

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

Figure 1 is a schematic cross section of a printhead assembly according to the present

invention.

Detailed Description of the Preferred Embodiments

Referring to the figure, the’printhead assembly 1 has a printhead module 2, is fixed to
a support beam 3 adapted for mounting in a digital printer (not shown). The printhead

module 2 has a silicon printhead chip 4. The chip has an array of ink nozzles, chambers and

actuators formed using MEMS techniques,



and if a silicon printhead is used pcrE = 2.6 x O-nf C then the maxi nrum and
m ni mum val ues for the coefficient of thermal expansion of the support beam
are; McrE =2.61t 1.25 x 10°6n C. This provides a paraneter that can be
used to select appropriate materials and structural configurations for the
support beam 3. In one preferred form the beam 3 includes,a silicon core
el emrent 5 bonded to a netallic outer sh%I_I 6 by an inter iSaERaZUWer 7.
The nodul es 2 nmount to the core el enent ™5 which hel ps to reduce the
effective co G herimal expansi on of the support beam 3 such t hat
it falls wi tﬁf‘{#’%ﬁ@g@%&g@gﬁwmﬁbgﬁ th,pristing peaducttby adjatent printhele
interpos%jo@?ts%gn the outer shell 6 and the core elenent 5 such that the

i nfl uence o -t e GAMAFeXAed p Pedetenpinedahdiimiuen thefoeSETRE HRAANSIQN.:Qf t he
sili conngé;he el erregt is reduced. Alternatively, the silicon core é’%@ﬂ%t 5
may be Cyppeit bedmiBtshould lclode Ramavkh i -out shell 6 in order to
negate or reduce any influence flryg’r]n t?}g‘egrgbear?g?cé f?ﬂl°&ﬂg‘c“d‘@fiwlenemlhcm

ther mal  &hp aExiQOmMYnd Wihih resent .invention has been described
herein with reference to s%ggﬁpﬁgﬂgsgﬁcé?ﬁs %pk'}’F‘F@éIGWR@mﬁof thetshpporf i el d

woul d reggi i that the invention rnay be enbodied in many other
fornmns. %Xlﬁﬁg%gﬁﬁwgﬂs‘r’?ﬁhead assenbly for an inkjet printer, the

pri nt head as{srgné)l ( including: Y a conposite support menber and a printhead;
sai d conposi M ParEwistle masaligomenstsetivadnyadfREAE pritiln nt and an
outer shell; said nounting el enment and outer shell f%r rre%idg’?%“r%g di fferent

terials; sHiedlifferemtetsemal . : th ‘i | et
[orgrialer swediie ecrckabiont tRAperBHD (U Mok babflS 1R RS endcuETent an

which the modules 2 are mounted and aligned on the support beam 3) and the equilibrium
operating temperature and the length of the printhead chips using the following formula:

AX max
ATL

,Mcrs - Pcnsl <

where:

AXax is the maximum acceptable misalignment between printhead modules:

AT is the difference between the temperature when the modules were mounted and

aligned on the support beam and the equilibrium operating temperature of the printer;

L is the length of the printhead chip.

Mcre is the coefficient of thermal expansion of the support beam; and
Pere is the coefficient of thermal expansion of the printhead chip.

It will be appreciated that for-

AXmax =1 X 10%m

AT =40°C

L=20mm

then:

Mcre - Pergl < 1.25 x 108 m/°C



outer shell adapted for attachnment to a printer; the materials of the
support nenber are selected and structurally conbi ned such that the
coefficient of thermal expansion of the support nmenber is substantially
equal to the coefficient of thermal expansion of the printhead; 15 wherein
the, support nenber allows Iimted rel ative novenent bet(wrin t he nounting
el ement and the outer shell. 2~ The prigthead assenbly of £B&PnPgPMvher ein
an elastomeric la er is Y interposed between the nounting el enent and the
outer shell. aﬁﬂiﬂasiﬁ&@xﬂiﬂtﬁ@aﬁﬁ@gs senbly of claim 1 wherein the nounting
el ement is supported by and adjustably positionable within the outer shell.
4' The printkead_ f claiml wherein the printhead is forned 25
fromtwo or %?Ee_gfsﬁlsﬁiﬁgég&mdul es that separately nount to the nounting

el enment. . The printhead assenbly of claim4 wherein each nodule is made from
the same LS MaKimem and mivignm walues fIFehe coefliciditor Herpbigad assenbl y of
claim 4 wherein each of the nodules has a silicon Wgﬁ% Cﬁ)}pﬁ_ﬂswn? 2004
The pri nshppod teagesrel y of claim 1 wherein the support nenber is a beamt hat
is formed by an outer shell that encloses the nmounting nenber. 8. The

pri nt head asm%ﬁéé?%&w%erei n the outer shell is formed 5 from

nmetal. 9. The pr of claim8 wherein the outer shell is
formed from 'n&}i&d | ayers o:mat | east two different netals. 10 10. The
print head as S 3 PAsAmEter thatcan be ushe to1eulel: hp\FopBAR S ard ryred from
silicon. 11. The printhead assenbly of claiml vﬂgrg?n t aéér%arl%%{dgrs is a

pagew dt qu&@mﬁgﬂﬁﬁoﬁoﬁ\ﬂﬁ-s&ﬁporﬁmﬂ 3ATn 6¥e ﬁ%%eyrle%%rrv%(,et%c E:eam 3 includes
a silicon core element 5 bonded to a metallic outer shell 6 by an intermediate layer 7. The
modules 2 mount to the core element 5 which helps to reduce the effective coefficient of
thermal expansion of the support beam 3 such that it falls within the acceptable range.
An elastomeric layer 7 may be interposed between the outer shell 6 and the core

element 5 such that the influence of the outer shell on the coefficient of thermal expansion

of the silicon core element is reduced.

Alternatively, the silicon core element 5 may be mounted for limited sliding within

the outer shell 6 in order to negate or reduce any influence from the generally high
coefficients of thermal expansion of metals.
The present invention has been described herein with reference to specific examples

Skilled workers in this field would readily recognise that the invention may be embodied in

many other forms.
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15 wherein the Support member allows limited relative movement

between the mounting element and the outer shell.

20

3. The printhead assembly of claim 1 wherein the mounting element is

Supported by and adjustably positionable within the outer shell.

25

5. The printhead assembly of claim 4

wherein each module is made from
the same materiaj as the mounting elem

ent.
30

8.
silicon MEMS chip.
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10 10. The printhead assembly of claim 1 wherein the mounting member is

formed from silicon.

11.

The printhead assembly of claim 1 wherein the printer is a pagewidth
printer.

15



