MI138-SG 1 Title A Mdul ar
Conpensation. Field of the Invention The present
printers aHtEPA particular to digital inkjet printers. Mre particularly,
the invention relates to a printhead assenbly with thermal distortion
conpensati on. Co-Pendi ng Applications Various nethods, systens and _
apparatus relating to the present invention are disclosed in the foll ow ng
co- pendi nglaappl ications filed by the applicant or assignee of the present

i nventi on ldHe24 May 2000: 00580
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systems and app at us atl ng t present* | NVENtT orr are

BRIE e el e St L

appllcant

di scl osures of these co- pending applications are incorporated herein by
cross- r ef ép@pewsati®).so i ncorporated by cross-reference, are the disclosures
of two co-filed PCT applications, PCT/AUCL/ 00261 and PCT/ AU01/ 00260
(deriving priority from Australian Provisional Patent Application Nos.

Co-Pending Applications

Printhead Assenbly with Thermal Distortion
invention relates to

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/AUO00/00578 PCT/AU0G0/00579 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/AUQ00/00592 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 thése co-

pending applications are incorporated herein by cross-reference. Also incorporated by

cross-reference, are the disclosures of two co-filed PCT applications, PCT/AU01/00261 and

PCT/AUO01/00260 (deriving priority from Australian Provisional Patent Application Nos.

PQ6110 and PQ6111). Further incorporated is the disclosure of two co-pending PCT

applications filed 6 March 2001, application numbers PCT/AU01/00238 and



P61 10 and PQ61 11). Further incorporated is the disclosure of two
co-pending PCT applications filed 6 March 2001, application nunbers

PCT/ AUDI / 00®88Gand M) 138- SG -2- PCT/ AUO1/ 00239, which derive their
priority from Australian Provisional Patent Application nos. PQO059 and
PQ5058. Background of the Invention RECé%tly, inkjet printers have been
devel oped whi ch use printheads nmanufactured by m cro-el ectro nechani cal
systens ( WEKBAUORKOABQueshiclBuddriver ithdtih gatsithafremarAwyraliaf Provisiomak dpitenti nk
ej ector nozzles formed in a silicon chip using MEMS manufacturing

t echni quepplidSidnMRNPGESMd pdgysdescri bed with particul ar reference to
silicon printhead chips for digital inkjet printers wherein the nozzles,
chanbers and actuators of the chip are forned using MEMS techni ques.
However, it wll be a%preciated_that this is in no way restrictive and the
i nvent i on BRgkgraund of thednventieon ot her applications. Silicon printhead
chi ps are wel | . i i ! havi |

pri nt hoads. - ThSZF IR ot i3 BAGFIEIped WhithHd pHtERE ik RRBaT by
traversing .back and forth acros age, there i.ncreasi ng printing
Speeds. TRECHrOBAR Rt S5iss AMENSEEiqists Shcl s Biagh e hoR by ohi p
is much higher than a one-inch chip. The high defect rate translates into
rel ati vel yaipiogépphs il eiactasmoazies opmediin myjliewsthsp usiog MEMS enannErcpirioguct i on
and operating costs of pagewidth printers, the printhead may be nade up of
a series edcharpey. alle: ipvéntichedt] beuditdrdad Mathfaeibube réfeente RN APrE{cad €ach
nodul e having its own printhead chip. To ensure that there are no gaps or
overl aps ik lh& digikdl m;a%ﬁmf&wﬁ&@mbaae ﬂgiﬁ&??%anﬂf&%%ﬂla{@%wﬁé chip dré

necessary to accurat el Ign the nodules after they have been nounted to
y oned th i f
a support f(?r?naeﬁ]us%(}&Eﬂ§ t%&%l(;uets. %owelvgrt, WAL bre%g]preciated that this is in no way

restrictive and the invention may also be used in many other applications.

Silicon printhead chips are well suited for use in pagewidth printers having stationary
printheads. These printhead chips extend the width of a page instead of traversing back and
forth across the page, thereby increasing printing speeds. The probability of a production
defect in an eight-inch long chip is much higher than a one-inch chip. The high defect rate
translates into relatively high production and operating costs.

To reduce the production and operating costs of pagewidth printers, the printhead may
be made up of a series of separate printhead modules mounted adjacent one another, each
module having its own printhead 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.



each nodul e precisely abuts the printing from adjacent nodul es. MJ138-SG
-3- Unfortunately, the alignnent of the printhead nodul es at anbi ent

t enper at uMg13#$S6G| change when the support beam expands as it heats up to the
operating tenperature of the printer. Sumrary of the Invention According
to a first aspect of the invention, there is provided a printhead assenbly
for an inkjet printer, the printhead assenbly including: a support beam
and a pl ural i tinfofturptélntthesidoomyxtt betiepaathend mvdalepatr dnhentaémpédretusapiibr t
beam each printhead nodule including a printhead chip, the printhead

modul es  behageR@sdnt th® 8o BeattRbarldd@s el BB A6 tHpRatiAL SerdpdriRD ML h each
ot her, said portion of the support beam and the printhead chips being
primarily of jaterials having substantially the same coefficient of

t her mal e>Ppans'| on. The support beam nmay be conposite, with said portion of
t he support beamdefining a core of the support beam The support beam may
i ncl ude an, out er shglé qosi tioned around the core. A novenent conpensation
| ayer may maty pELbe IB¥EREION ( he core and the outer shell. The print head

chip and the c{@ofmye B fﬂsp:%g&gtiomei ihVen@i}con,sﬁlEIjGCiQ ovidtl & é)lm\gﬁg? Fés%l?lybe

conpensation |layer may be an el astoneric | ayer. e out

met al | i c. fdhan ickjeepmmtyr, Bee sintldal laesentbdy mclidivigt ed extent, within the outer

shell. According to second aspect of the invention. there is provided a
pri nt head asupport beam; an

a plurality of printhead modules fast with a portion of the support beam, each
printhead module including a printhead chip, the printhead modules being positioned so
that the printhead chips are aligned with each other, said portion of the support beam and
the printhead chips being primarily of materials having substantially the same coefficient of
thermal expansion.

The support beam may be composite, with said portion of the support beam defining
a core of the support beam. The support beam may include an outer shell positioned around
the core. A movement compensation layer may be interposed between the core and the
outer shell.

The printhead chip and the core may both be primarily of silicon.

The movement compensation layer may be an elastomeric layer.

The outer shell may be metallic.

The core may be slidable, to a limited extent, within the outer shell.
According to a second aspect of the invention. there is provided a printhead
assembly for an inkjet printer, the printhead assembly including:

a composite support member and a printhead;

said composite support member having a unitary mounting element and an outer
shell;

said mounting element and outer shell formed from different materials;

said printhead adapted for mounting to the mounting element and said outer shell

adapted for attachment to a printer;



assenbly for an inkjet printer, the printhead assenbly including: a
conposite support nenber and a printhead; said conposite support nenber

havi ng a WwHIB&6y nounting el enent and an outer shell; said nounting el enent
and outer shell formed fromdifferent materials; said printhead adapted for
nmounting to the nmounting el enment and salli"outer shell adapted for

attachnent to a printer; MI138-SG -4 the materials of the support nenber
are sel ect ed aribe stateniatswf #id spppantrhientdr sechlettodbnd sthetaoléf tombiaad suah that
t hermal expansi_on of _the su%gort, me is substantially eﬁual to the

X er :
coef fi ci ent® e HEMPAIERpLIERRIOHP PRI FRE 'S Wbetortiallt sakiaghor t
menber al |.g¥gicldnibf & eﬁ'ef?}%]in\éﬁn%?ﬁfe’ﬁﬂﬁhé%ﬂt ween the nounting el enment and
ep of t

the outer shell. For t r poses I's specification, "the coefficient
of thernmal expavisran tlefsuppat sepber dllovesrtiraitéd iehtitvh encsbmentbeteesaé f | ci ent  of
t hermal expansi on of the unting elenment taking into account any external
i nf | uenced9Y5RE clementand e opisestlinnort. Preferably, the printhead is two

cach of The mdn SUHAVERY SPRIRThERE te Cifliel e oo BB O thEr
Support meNRC P PHarS (i eRsabe oisicn oA P uRia i BB EAAISN: (o
the printer. Preferably the nounting el enent is supported by, and
adj ust abl yalgesinte ensenntgny lskigrnal irdluchges dlonpheress pf the support.
Preferably, the printhead is two or more printhead modules that separately mount to
the mounting element, each of the modules having a 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 the printer,
Preferably the mounting element is supported by, and adjustably positioned within,
the metal portion.
In some embodiments, the printer is a pagewidth printer and the support member is a
beam with an elongate metal shell enclosing a central core formed from silicon.
Conveniently, the beam is adapted to allow limited relative movement between the silicon
core and the metal shell. To achieve this the beam may include an elastomeric layer
interposed between the silicon core and the metal shell. Furthermore, the outer shell may
be formed from laminated layers of at least two different metals,
It will be appreciated that through careful design and material selection, the
coefficient of thermal expansion 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



In sone enbodi nents, the printer is a pagewidth printer and the support
menber is a beamwth an elongate netal shell enclosing a central core
formed fromasséicon. Conveniently, the beamis adapted to allow limted

rel ati ve novenent between the silicon core and the netal shell. To achieve
this the beam may i nclude an el astorreritSrayer i nt erposed between the
silicon core and the netal shell. Furthernore, the outer shell may be

forned fr ame bhaidadatBydddsayareshe fupgortineasticr tovacodhini@hendonteathtise movementl be
appreci ated that through careful design and material selection, the

coef fi ci eervifentthes B shelt ﬁﬁd‘ﬁioﬂﬂtl@% sdcfién, TR }E&Bbl%ﬁlS%?‘BBWﬁﬂé A& alsh %voiH&PC’r t

menber can be nmade to substantially match the coefficient of thermal
expansion of the printhead chips. Wthout any significant differences

bet ween t he.. | ' printhead and the nounting section of
t he suppo%'%ﬁ%&?{”ﬁgﬁpﬁoﬁ%ﬁkaﬁﬁgri nt head nodul e m sal i gnnent M) 138-SG
-5- are avoi dedpreByredesitedinigt bh theprdRar ihvemRicherill tho wakcdatrta by

rel ati ve novenent between the outer shell and nounting section, the

probl ems QkaRowid, 3ifh 8l cév&fh%écan%ahgﬂigﬁ?aﬁhg%ivﬁﬂcrgf the Draw ng A

preferred e of e present on w now be descri bed by way
of exanple on erence to CcCO in rawi ng, in_which
Figure 1 is aﬂ%ﬂ%ﬁ&%&%g“&&ﬁc O oS B R asedeb s Sty \BEgraHg o
the present invention. Detailed Description of the Preferred Enbodi nents
Ref erri ngi#niip@ figure, the printhead assenbly 1 has a printhead nodul e 2,
is fixed to a support beam 3 adapted for nmounting in a digital printer (not

shown). The printhead nodule 2 has a silicon printhead chip 4. The chip
has an ar iDetailed Diescoiptics of therPrefersedl 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.

To ensure that any misalignment of the printing produced by adjacent printhead
modules 2 does not exceed a predetermined maximum, the coefficient of thermal expansion
of the support beam 3 should closely match the coefficient of thermal expansion of silicon.
The maximum and minimum allowable coefficients of thermal expansion for the support
beam 3 can be calculated using:

the maximum permissible misalignment between adjacent printheads; and,

the difference between ambient temperature (or more particularly the temperature at
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:

where:



actuators forned using MEMS techniques. To ensure that any m salignnment of
the printing produced by adjacent printhead nodules 2 does not exceed a

pr edet er mMiegds@axi num the coefficient of thermal expansion of the support
beam 3 shoul d closely match the coefficient of thermal expansion of
silicon. The maximum and ni ni num al | owabte coefficients of thermal
expansi on for the support beam 3 can be cal cul ated using: the maxi num

per m ssi bl e mMASgl.l pnhenhxipaimearpabjcanealignpisntbteaes prigthchd thbdulel; f f er ence
bet ween anbi ent tenperature (or nore particularly the tenperature at which

the nodul es 2 g & fDsBLRA 204w a1 &@%%gﬁét}%tggeg%qﬁ‘@godpﬁ@%@m e B8y

equi librium operating tenperature a e printhead chips
usi ng the foll ow f or myl a: -PC. TE AX 3nax (c)TL where: MI138-SG - 6-
AXmax i s @Iism’rﬁaﬁsa ﬁﬁ‘%’g‘gﬁ@%%ﬁ? SOty APCTRIRSISBIR IR PR BISPriRisE | es; AT
is the difference between the tenperature when the nodul es were nounted and
al i gned on t hé is tspengthloé thepaimtherdehipqui | i bri um operating tenperature of
the printer; L is the length of the printhead chip. MCTE is the coefficient

of thermal expangiiomheebeffidRnssitngial eg@mioa@ﬁ_the%ﬁgﬁ)ﬂ Beaf}@ngoef fi ci ent of
t hermal expansion of the printhead chip. It will be appreciated that for:
AXmax =1 X 10?@{:9 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:
IMcrE - Pere| < 1.25 x 10°m/°C
and if a silicon printhead is used
Pere = 2.6 x 10°m/°C
then the maximum and minimum values for the coefficient of thermal expansion of the
support beam are:
Mecrs = 2.6 £ 1.25 x 10°m/°C.
This provides a parameter 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 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.



AT = 40C L= 20 mm then: IMTE - PcTEl < 1.25 x 10-6 MfC and if a
silicon printhead is used PCTE = 2.6 x 10-6nm C then the maxi mnum and

m ni mum valisescfor the coefficient of thermal expansion of the support
beamare: MTE = 2.6 1.25 x 10-6m C. ThIS provi des a paraneter that can be
used to select appropriate materials and’ “structural confi gurations for the
support beam 3. In one preferred form the beam 3 includes a silicon core
el enent 5 bondedelagomenelagél 7 mapt arerpbeid/betvdey thaoutat helredind tie: doayer 7.
The nodules 2 nount to the core elenment 5 which helps to reduce the

ef f ecti ve efa@int 5Gi1@NMhahe 1ﬁfhﬁh€@6ftﬁé@ﬁ’t@§élﬁﬂ o‘ﬁfthé &?efﬁa&ﬁqrf&h&ﬁm@ 1’%&&{1 t hat

it falls within the acceptable range. MI138-SG -7- An el astoneri ayer

may be 'nto?fl%s?l‘fé%n%%%"?%ﬂeﬁtqfreﬁ%%r shel | 6 and the core elenment 5 such
e

that the infl'uence © fell on the coefficient of thermal

expansi on of the Sili c&ﬁ ;iore el ement is reduced. Alternatively, the
silicon core éismatively, thesilican cergrelement §mayi hei mexnted foéilhﬁgtedns’tl@ﬂiﬂﬂ withiie out er
shell 6 in order to negate or reduce any influence fromthe generally high
coef fi ci ethesowér shik briwbrdex pamgateror oéduce tay sifludine frome dergenénallg highon has been
described herein with reference to specific exanples. Skilled workers in
this fi el dosfbidicttsicFattbirhmyl &@eRdi 6EmbfARt the invention may be enbodied in

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.




many other forms. MI138-SG 8 CLAIMS : 1. A printhead assenbly for an inkjet
printer, the printhead assenbly including: a support beam and a plurality
of printhheadssedul es fast with a portion of the support beam each

print head nmodul e i ncluding a printhead chip, the printhead nodul es being
positioned so that the printhead chips‘%re aligned with each other, said
portion of the support beam and the printhead chips being primarily of

mat eri al s having substantially the same coefficient of thermal expansion.
2. A print@QEAMSsenbly as claimed in claim1, in which the support beamis
conposite, with said portion of the support beam defining a core of the
support bdam 3\ prniheddyshanlly dersmnipkigt printet, diermsinthead ebsgimbiinciudinghi ch t he
support beam i clud%%ban_ gyter shell positioned around the core. 4. A
printhead asse %Vp%s “%*MBd in claim3, in which a novenment conpensati on

layer is interpgsediBaifweahchdeodtles tandith RoadEst tBOSipportDearfd, fich Nt head
assenbly as clained in claim3, in which the printhead Chip and the core

are bot h printhead mpdple in¢lpdioga prigthead phipnthh pridthesdwobilys being peditiewdisn ¢l ai m
4, in which.the Ve t compensation Jlayer i.s an.elastoneric,layer, 7. A
o1 i nt head S N Ed hlps BRTRRRE i Sners 06, sqif prliohod Mimpod e ond

metal lic. ﬂ%ppﬁltﬂédd%tlﬁ%ingml oﬁﬁlaféhﬁisrlﬁdinig@uﬁdtﬁﬁﬁllﬁltl}ei AmiRbEfticldiof or €

is slidable, to a limted extent, within the outer shell.
thermal expansion.

2. A printhead assembly as claimed in claim 1, in which the support beam is

composite, with said portion of the support beam defining a core of the support beam.

3. A printhead assembly as claimed in claim 2, in which the support beam includes an

outer shell positioned around the core.

4. A printhead assembly as claimed in claim 3, in which a movement compensation

layer is interposed between the core and the outer shell.

5. A printhead assembly as claimed in claim 3, in which the printhead chip and the

core are both primarily of silicon.

6. A printhead assembly as claimed in claim 4, in which the movement compensation

layer is an elastomeric layer.
7. A printhead assembly as claimed in claim 3, in which the outer shell is metallic.

8. A printhead assembly as claimed in claim 3, in which the core is slidable, to a

limited extent, within the outer shell.



