" 9:e3e+: q(nnot p(pp6pT: q! 2 SEP 2004 Title Thermal Expansi on Conpensation for
Modul ar Print ges. Field of the Invention The present invention
relates to m)amﬂ mﬂﬁmﬂm‘“ads for digital printers and in 5 particular to
pagew dt h i nkj nters. Co-Pending Applications Variops,neth syst ens
and apparatus rel at'¥®f to the present invention are di SCEOZE&EH %ﬁ%e
foll ow ng co-pending applications filed by the applicant or assignee of the
present invention on 24 May 2000: |0 PCT/ AUODO/ 00578 PCT/ AUOO/ 00579
PCT/ AUOO/ 00T§t}e PCT/ AUOO/ 00580 PCT/ AUOO/ 00582 PCT/ AUOO/ 00587 _PCT/ AUOO/ 00588
PCTI AUOO/ 00589 PCT/ AUOO/ 00583 PCT/ AUOO/ 00593 PCT/ AUOO/ 00590 PCT/ AUO0/ 00591
PCT/ AU00/ 005bormREEx passtin00&8terBaidndd MEaRTS PrintidaAURHANR36 PCT/ AU00O/ 00594
PCT/ AUOO/ 00595 PCT/ AUO0/ 00596 PCT/ AUOO/ 00597 15 PCT/ AU00/ 00598
PCT/ AU0OO/ 00516 PCT/ AUOO/ 00517 PCT/ AU0O0100511 Vari ous net hods, systens and
appar at us r fFigld obthe Invéntippsent i nvention are disclosed in the follow ng
co- pendi ng application, PCIT/AU00/01445 filed by the applicant or assignee
of the present Thepiesinginventi@ reNuoetohrodi?4GRintHdags ﬁri@i&?ﬂﬁﬁémojndﬁese co
pendi ng applications are incorporated herein by cross-reference. SO
i ncor por st egartiyulabro ag@ﬁi'dﬂefnﬁjceﬁﬁﬁﬁcris the disclosure of a co-filed PCT
application) PCT/AU01/00239 (deriving priority from Australian Provisional
Pat ent Application No. PQ6058). i OQuiai m-~i mAi 2 SEP 2004 Background of
the I nventi I fsnki rinters have been devel oped which use
pri nt heads %ﬂggﬁ?ﬂée%pgye%@h?oel ectro nechani cal systens (MEMS)

techni ques. Such Naioisherdodbavtedis ay$ aBpardivs! RBLARI 6 Lect. 0zz2] es
formed in a silicon chip using MEMS manu gcturi ng SBttecifl?Ei %keeg’? lﬁﬁ?ngltgﬁeaé%ls

f thi i I i ' i ' . P i dt h
Brinters. hagaoear dhe Folloudfe bR pehiif poIRAGH f o' eeieand erisssaotbe

i ncrease prijntl eeds. ew.drLh printers are able to print nore quickly
t han convent"ill%)éﬁ‘g?“v%ﬁtl’%%rf%f%%g "the printhead does not traverse back and
forth across the page. to To reduce production and operating costs, the

print heads REF/ABOHOASYS0! S HTIVAUBOMUST heaelr /Myl RBs TP P d tRiRiegt each

other on a support beamin the printer. To ensure that there are no gaps or

over | aps i nprireAQO0/0648%0. | tpd y y i dul es
after they have been nounte %Apﬁg@éﬁoé@%@m@ﬁ ﬁ’%@@@%ﬁg
printing fre@rrAGeoBBss © PRRBOYADSYS S BT AR0s8d P atoioosas

nodul es.

PCT/AU00/00592 PCT/AU00/00584 PCT/AU00/00585 PCT/AU00/00586
PCT/AU00/00594 PCT/AUQ0/00595 PCT/AU00/00596 PCT/AU00/00597
15 PCT/AU00/00598 PCT/AUQ0/00516 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
20  cross-reference, is the disclosure of a co-filed PCT application, PCT/AU01/00239 (deriving

priority from Australian Provisional Patent Application No. PQ6058).
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15 Unfortunately) the alignnment of the printhead nodul es at anbi ent
tenperature will change when the support beam expands as it heats up to the
operating tenperature of the printer. Furthernore) if the printhead nodul es
are accurately aligned when the support beamis at the egjzlﬁgm
operating tenperature of the printer) then2ummacceptable M g ts in
the printing may occur before the beam reaches the operating tenperature.
20 Even if tBackgrotneosf tive Nvenew.ari zed thereby making the alignnent
problemirrel evant, the support beam and printhead nay bow and distort the
printing becausdegéntiyhénkjetffronernhavehissenalevelspahehioh usd phimbéAlsi S tured By
SEP 2004 Summary of the Invention. Accordingly) the present invention

provi des a phiciy dle@fb MesimRay sysRimsAMIEM) %chnfc@ﬁs. pﬂc’ﬂtﬂgﬁ:t éﬁ%ﬁ?\;ﬁ%&ys of

i ncluding: an el ongate support” nmenber tof attacthnment

print head adga -0 nt the support,.menher, the pri d havi ng and
array of i ngﬁgfogg?%&%g%%t ranzéﬁ%ﬁg egl iR astlion,c t%%?%&@ﬁﬁf MapHEACHINNE t he
support nenber |s forned froma plurality of different materials having
different cdeMQUeents of thernmal expansion and configured such that the
effective coefficient of thermal expansion of the support nenber is
substantial |y edumtheads bfuhisagpé dre Gvethduitel fohae iR bageWik HatrO P wilif
substrate material. In sone enbodi nents, the support nenber is a | am nar

beam wi t h amy DEERA] j i t.endi ers.of at l|l.east two
di f ferent na%%ﬁgﬁ;g}lls V\/neroglgﬁ’ l%rg@géragyo E]tg] %exqsgfr%eﬁ@a fgfﬁ}léﬁgg&tg STRHEPAPERS | v

di sposed ab heg_central .layer. In a particular|y preferred form the

| am nar bea%\B%cgé' ? ﬁ%eevgd{ho‘?@t?%mw?@ﬁlté’ﬁ‘ﬂFﬂﬁ‘cﬁ‘gﬁ}E%C%’féF@ﬁaﬁénﬂm out er
| ayers 15 are a first material and the central layer is a second material.
In ot her entP§ERUTE Heprinthrad dopsnotdeayerss baekiend fortbfacrpsptherpake.t y of pri nt head
nodul es adapted to nount to the support nenber at respective nounting

poi nts dpaced allormgdedecpredystion andrepirating eosts, teepririiiads brerRadeaip dfseparate
conposite beam made up of segments of at |east two 20 different materials
arranged engrinthead thodtftmedumte A 30RRIe 23R HiHeBn 4 éfnﬁn | et he
printhead nodul es there is at Ie?ast part of a? Isg st W@ftngﬁggggg?}%gésg;e
such that thg., jve pcient of thermal.expansion of the support
member bet mganﬁ{ﬁgg%oﬁlon%ag’gggggeﬁ 141 é"n&'lcéﬂ"l “%’dhifl"c TSHH L0 pesartelyia E'E'B't?f

ansi on 9f the substrate material. 4 SEP 200g
modules aiter they have been mounted to the support beam. Once aligned, the printing

t hermal exp

from each module precisely abuts the printing from adjacent modules.

15 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.

20 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.



"Preferably, the substrate material is silicon and the arrays of ink ejector
nozzl es are forned using MEMS techniques. In sone preferred forns, one of
the materials is invar, and at | east one of the other materials has a
coefficient of thermal expansion greater than that of silicon. It will be
appreci ated that the use of a conposite support nenber f:r‘hﬂdﬁEPrgm)l,at | east
two different materials having different coefficients of thermal expansion

provi de an egf_,ﬁqﬁ-ia\@ GPHd Iy ioﬂf t hermal expansion that is substantially

the same as silicon’ Form ng thé conposite beam by bondi ng different

segment s of nat eftcoirdipgly, the winkéntidh §reEIE h segment
9 o LGS 5L

conbi nations repeat in accordance with the 10 nbdul e no

spaci ng. Eacﬁﬁmﬁaﬁiaggg,ﬁmg)i&flucgﬁ ferent material s extendi ng between the
nounting points of the printhead nodul es must have generally the sane
effective coeffigi f thermal .expansion as silicon. Sinply ensuring that
the effective co“g‘fﬁ%ag‘?ﬁ“l’l}?“m% orftachimens to te primterwhol e beam i s about
the sane as silicon will not ensure that the nodules remain aligned as the
coef ficiént bet isunthend adapred & mom_lttth&_ﬁupmnnﬁerﬂ&:rpmb@Hﬁtﬁéﬁd’h%nghﬁﬁ%ﬂ%

| ower than silicon, thus causing m salignment. Brief Description o e
Drawi ng. A pnkéjectoe dozaiéofdfiediin Ddubbtife Vel ivikryl,/ | now be descri bed) by
way of exanple only, with reference to the acconpanyi ng drawi ng in which:

Figure 1 is a sghe A JoTals TRINES] ross section of a first enbodi nent of
a printhead 20 asse%l f/‘déccorré%é‘?’ ? J(i)frt%ﬁ}aa B\“’éﬁ’&?i)ﬁi‘ﬁfgg’lﬂf%ﬁnwr@@ﬁuene
is a schematc'bgf ccrﬁgsi%gi naa:l| cross section of a second enbodi nent of a
printhead assenbly atcordia§*Rasionans Fedigvred sugh that the. effecveSEs fAGBH of
Detail ed Description of the Preferred Enbodi ment. Referring to Figure 1,
the pri nt hedRFrHELEtRINGion &E the sypperomemberinstbsarnially teijid tGthel b didny oPhermal
print head nodul es 2 each having a silicon MEMS printhead chip. The support
beam 1 i1 a ekpansiopl dfable subserete Infaterial!l ani nate consi sting of two different
materials. The outer 5 layers 3 and 4 are formed frominvar which typically

has a coefficiemfséthe k& j t 1.3 x, 10'i netres per
degree Cel si us. The %oﬁ??%egﬁ?aggﬁ?%%?‘ggﬁgﬁwwB‘F“‘%WF‘?‘(?BMqdé?’a@mef

2.5 x 10'i -0 g: ee Cel sius and therefore the central |ayer 5 nust
have a coef ﬁglitgﬁltnagi cgﬁgérilﬁgllayg?ﬁ’& ﬁi‘eﬂﬁ 4P gh‘%"éF“‘t’h%{Pmlﬁ wheiein byeis of the sging e
t he support bFfamlas a whole a coeffjicient of thermal expansion

subst ant i al 7 84L& YBRHEcalyrdisposedahout the centralilayer.obn apptiadady prfddat t he
effective cqgefficient of thermal expansion of the support beamw || depend
on the coef f9®), & laprnarheameas thigralos gionindlyleatdndimpliayess white tP(@WblﬁcNEﬁ us
of both netals and the thickness of each layer. In order to prevent the

beam f r dfn bewi anfirst @ riabiarey the a3iRFa$ 1a9e@iv d sdeon@Giiieiie the same thickness.
Referring to Figure 2) the printhead assenbly shown as an el ongate support

beam | 15 suppold other drh i . . . Each printhead nodul e has a
silicon MEMB pri nt head gorﬂ@%me{\}gg ﬂlggor ’gggéﬁu? q?g pE‘B'Plr'r‘é(d’fﬂ’F&Fhﬁpwodulcs

different nggekd 4 bonded together end to end. Again, one of the
materi al s has&géd?gz?%ng?éejwf Sgpp%rgprﬁg % FGSRELIVEMmounting phimts spaaed aibngitei con

and the other terial has one greater than that of silicon. The |l ength of
each support member; and

the support member is a composite beam made up of segments of at least two

20 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.



20 segnent i s selected such that the printhead spacing) or printhead pitch
A, has an effective coefficient of thermal expansion substantially equal to
that of silicon. It will be appreciated that the present invention has been
descri bed herein by way of exanple only. Skilled workers_i,n this field

woul d recogni ze many ot her embodi ments and variations whi ¢hSEP 208 depart
fromthe scope of the invention. 25 2 SEP 2004 CLAIMS: 1. A printhead
assenbly for a i i [ gTo .

Support member Torr ey AR SR S R dnd e R el R 0P S e
to the Squ{)?‘rgt& ﬁqrenbe the printhead having an array of 5 ink ejector
nozzl es for iTEEes A48 et ®I9¥eSeri al ; wherein, the support member is
formed fromat |east two different materials having different coefficients
of thernmal expafseme paefamred formguenedofdhe matemials is vapfahd at least aneeifithecothat  of
t hermal cxpansion of the support nenber is substantially equal to the

coef fi ci ent maferitll @& B bosfRipRAOMReial bRFanSioh TréAdrehAAthe! bditicold 2. A
pri nt head assenbly according to claiml, wherein the support nenber is a

I
| am nar beam wi . . f.Jongitudinal ly extendi ng | ayers of at
| east tV\SB di ffefrtglrilﬁﬂéaa rtl:la*’ésEm %é&eﬁlsﬁ q?g;?éﬁ?o °§%8°’§3?Fé“%ﬂ?’éq‘€aﬁ°“éf‘%leam
symmetrically &igsposed about the central layer. 15 3. A printhead assenbly
accordi ng t YePHeignomatzralsdianingdiffergat ¢pgffisagnts of thermad expansionprovida@nd
assenbly according to claim1l, wherein the printhead is made up of a
plurality oéffgstive coedicientafithersmah eqptneidn it issubktahiallyithe samppas silioember at
respective 20 nounting points spaced al ong the support nenber; and the

support nember Féming MRS poSitdIscam W%%&ife_&%g 108 BhtelifAHU z%\é{t?%e

different materials arranged end to ‘end, erein, Detween any two o

mounti ng pojkgi olg! s at | east rt_of | east
foo of the. 2Rl bOGRASIRE AL TR ER binBlrBubl Bheat 5 focofies i The
expansi of 2 SEP .2004 the suppor nber, between the points is .
subst an?‘? al Mpdulgmaquntige tIHE:thc BE?HaFg‘igeﬁﬁtaggFo’P atien ofditfareat mateginls gxéending
substrate material. A printhead assenbly according to any one of the
precedi ng chetivgen tiganainting jpeints 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

15 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:
Figure 1 is a schematic longitudinal cross section of a first embodiment of a printhead
20  assembly according to the present invention; and,
Figure 2 is a schematic longitudinal cross section of a second embodiment of a

printhead assembly according to the present invention.



' ' ial is silicon and the arrays of ink ejector nozzles are
?glr)rsr;(r:lahgi Et (I\a/lril\/g techniques. 6. A printhead assenmbly according tg anyI onet
of the preceding clains wherein one of the materials is invar) and at |eas
one of the other materials has a coefficient of ther mgll Ei%'?lz exparéB[l”on
greater than that of silicon. .AS. AF. A2. A 5A A A %Ri | Y&D74& JFP cal
zupkf [ UU] ca] cal] ca] ca] ca] ca] ca] ca] ca] cRa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

o Cgmmﬁwmﬁbg fb‘a{ %g EJEP&H' it cajca]c
, %- bpoi d_zZUlcd] ca ca]cacfc]r ] E’?ﬁ ]ca]ca]ca]ca]
2] ch] ca] cal ca] o Reseing aBium Lahcruhiaabeniinh e N

]
&' @' "' 7(| wr mhc”YU] ¢] ca] ca] ca] ca] ca] ca] ca] cal C:’i]7ca] ca]Cca] cal calc +++LE$L§$$
Sk T A R et B cimar s
, : " a] ca] cal ca , " 10% p& () - 3109
O T 00k R THE BaRTEd Rbs BhE i Skt Snarstne b tormemeyoralovE dierd

"10% & ()-4 4 . . . . . (N A
AP Y37 4 p9e fampegd from FanpEmHichOypigally) had a'chePckért bf PRl ixdak
180;: g 8 ) 40/%/?;(3(“;' 3S#10% &' fg -34-; <=>I xnb@ SF@ 0%\ & ()- 10t 10t x%Ot%?r} ;

Ha ()-a- B $ EQME, (imeTokfcid P R@ATLOTL ILE ) - P
égﬁ/z' E g : !4#20?]%&%)73&' 0 $101g/?§£ T (e ok &:}%C)l : ;om@% €xpansion og

' A ' ' - ' $10% ' -@
21008 () | # EEATIPABILS sl il bt doirs Ceiligogad thpichorehossmerat Jayes § must
10% & ()-310% & (- lc F 109 ()- VI T| dEP@ #Y
10% & () - ms 106 Rpetiicient of ghermpl exgymsiamgteate( thamthis in order to give the support beam
10% & ()- @ 10% & () - G UdEP@ #S, 10% & ()-*!10% & ()- 3 |
' F10% & () - AoaRbole aoefficianit bOUickial(expansicDdb&iakd ayRiE: o thiof 10i Q7

10% & ()-Y7'10% & ()-Z,5s!10% & () -

10 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

15 supporting the printhead modules 2. Each printhead module has a silicon MEMS printhead
chip.

The support beam 1 is formed from two different materials 3 and 4 bonded together
end to end. Again, one of the materials has a coefficient of thermal expansion less than that
of silicon and the other material has one greater than that of silicon. The length of each

20  segment is selected such that the printhead spacing, or printhead pitch 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
example only. Skilled workers in this field would recognize many other embodiments and
variations which do not depart from the scope of the invention.

25



2@10% & ()-0f10% & ()-43 1. @0% & ()-noxY:/ 10: Y@10% & ()- 10% & ()-
z%%&?()f)lo%&'()-(%/10%&'()- sf10% & ()-F 10:iedE:/ 10: 10% & ()-
sz#10% & ()- 3110% & ()- mo0% & ()- 10%&'(§)- 10% & ()- jidE /[ 10:
10% & ()-y)10% & ()- y& 10% & ()-9%$10% & () - o |
:,9! 1%% f&')(g/?!lo% &'(%)-)c/)*t -dYNC 10: 10: 106-10: 96y10% & @233}3]103&0& (?-
110% & ()~ y/y 10% & ()- L-10% & ()- -8j 03~ zX6YNC 10! <P $10%& ()-!!
$109& ()-!!11KP $10%&' ()-!!1 @$10%& ()-!!k $109%& ()-!S10% & ()-F O!;

" AR WXVBTCLAIMSOt 10t .

10t <10% & ()-!-P&*$10% & ()-! P&*$109& ()-!(, & $100%& ()-!

$109& () - ! #H1 SIPsREH 3eynbly feraprintersthe)priritheg@d as@vbiging)uding:

an elongate support member for attachment to the printer;
a printhead adapted to mount to the support member, the printhead having an array of
5  ink ejector nozzles formed in a substrate material; wherein,
the support member is formed from at least two 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.

10
2. A printhead assembly according to claim 1, wherein the support member is a laminar
beam with any odd number of longitudinally exténding layers of at least two different
materials wherein layers of the same material are symmetrically disposed about the central
layer.

15

3. A printhead assembly according to claim 2, wherein the odd number is three.

4. A printhead assembly according to claim 1, wherein the prinihead 1s made up of a
plurality of printhead modules adapted to mount to the support member at respective
20 mounting points spaced along the support member; and
the support member is a composite beam madc 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
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5. A printhead assembly according to any one of the preceding claims wherein the

5  substrate material is silicon and the arrays of ink ejector nozzles are formed using MEMS

techniques.

6. A printhead assembly according to any one of the preceding claims wherein one of
the materials is invar, and at least one of the other materials has a coefficient of thermal

10  expansion greater than that of silicon.



