0O -1- Title A Mddular Printhead Assenbly with Thermal Distortion
Conpensation. Field of the Invention The present -inventi on relates to
printers and in particular to digital inkjet printers. "Mre particularly,
the invention relates to a printhead assenbly with thermal distortion
conpensation. Co-Pendi ng Applications \&rious nethods, systens and

. apparatus relating to the present invention are disclosed in the follow ng
co-pendi ng applications filed by the applicant or assignee of the present

i nvention on 24 May 2000: PCT/ AUOO/ 00578 PCT/ AUOO/ 00579 PCT/ AUOO/ 00581

PCT/ AUOO/ 00580 PCT/ AUO0/ 00582 PCT/ AUOO/ 00587 PCT/ AUOCO 00588 PCT/ AUOO/ 00589
PCT/ AU00/ 0Qfjtla PCT/ AUO0O/ 00593 PCT/ AUOO/ 00590 PCT/ AUO0O/ 00591 PCT/ AUCO' 00592

.
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PCT/ AU0O0/ 00517 PCT/ AUO0O/ 00511 Vari ous nethods, systens and appar at us
relating to the present .invention are disclosed in the follow ng
co- pendi ng Field OEHW bnyemt®MAU00/ 01445, filed by the applicant or assignee
of the present ”@&&%&&b@é&é@‘f&gﬂgﬂﬁsMﬁ-pmm&eﬂg@tﬂl@a peifteihese co-
pendi ng applic FBIfEare ncor por at erein by cross-reference. Al so
i ncor por at %@gmﬁeﬁl@ﬂy,-mefnemmeelam t a printhtiad ebsembhewith thermpd distprtion ed PCT
applications, PCT/AU01/00261 and  PCT/ AU01/ 00260 (deriving priority from
Aust ral i an cPmpeAsdiBhal Patent Application Nos. PQ110 and PQs111l). Further
i ncorporated is the disclosure of two co-pending PCT applications filed 6
&hs PCT/ AU01/00238 and PCT/ AUO1/ 00239, which

March 2001, a | i
derive theﬁ°'8%d<§ﬁﬁ¥9y‘&§?§#q ustralian Provisional Patent Application nos.
PQ6059 and PQ605FariGac kgthods)dsysterishand| apparatusorelatiageiat thy Presspy wverion g, s

have been devel oped i.ch.use pri/ntheads.. ed.. ' A o]
me\(;hani cal d§¥j‘§§ %W%% I gpp@ﬁ@ﬁ@ﬁfeﬁwggggb av t O e sgé gfﬁl@

i croscopi g d.ok iSiehbPén IORAY2806:0r med in ap;: In;[ con chip 35;3[]553'\/5\/5
TRnufact ur PQ}‘%‘/AUOO/OO~578 PCT/AU00/005.79 PCT/AU00/00581 PCT/AUOO/OOSSO
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/AU00/00592. PCT/AU00/00584 - PCT/AU00/00585 PCT/AU00/00§86
. PCT/AU60/00594 PCT/AU00/00595 PCT/AUOO/Q0596 PCT/AU00/00597‘
PCT/AU00/00598 PCT/AUQ0/ 005 16 PCT/AUOO/ 00517 PCT/AUQ0/00511

‘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 assigﬁee 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, are the disclosures of two co-filed PCT applications, PCT/AU01/00261 and

PCT/AU01/00260 (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
-PCT/AU01/002_39, which derive their prfority from Australian Provisional Patent
Application nos. PQ6059 and 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
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MJ138-AU O -2 techniques: The invention will be described with particul ar
reference to silicon printhead chips for digital inkjet printers wherein
t he nozzl es, chanbers and actuators of the chip are forned using MEMS
techni ques. However, it will be appreciatgd that this is . in no way
restrictive and the invention may also e used in nmany other applications.
Silicon printhead chips are well suited™for use in pagewidth printers
havi ng stationary printheads.. These printhead chips extend the width of a
page i nstead of traversing back and forth across the page, thereby

I ncreasi ng, pri.nting, speeds. T { 1} ' in an
ei ght-inc hte%m%u&&'h B 1“)%’ %gﬁmﬂ ?’8 ﬁé&?@a@%i‘%ﬁé@i&r{ C ep%hei&%l sﬂ{l_bﬁg gﬁii(ﬂgﬁatddef ect

rate trangligy s dipfthiGnkjed c}fﬁn St etierbinghe pozaltschimberaad wpatont ofthe dupes.  To
reduce the production an

1
operating costs of pagewd printers, the )
. printhead fomﬁ@@W&MMQW-sHﬂW@W&%%@M@M Eﬁtl’é‘éé? HHA1%s nount ed
adj acent one .apot her. . each npd ' ' ' ad chip. To ensure
t hat ther ew&tflgg eomgérbesm ?n%ggéx}alyéé)sg b??llg k?keélgro ?}re?lalﬁgkgﬁdgg'uce.d by adj acent
printhead nodudiBson printifead SIS &8 kuelltsoitaicforusetin bygeaidth printess hawing wtationasy t er

e el oisdy B s gt et Pac5ons sofARe ofirabk S o™
Unf ort unat gl I an ! I hatsttityTipestuction

t enper atur@%aﬁogftgﬁg%é%gﬁg{cﬁﬁﬁgggﬁ g%ngggg%g:s as it heats up to

t he oper atdefgt irranesighinchdongd chinis mynhi higher thadaenerinchship: fde highalefachite
According to a first aspect of the inventian, tglere I's provided a printhead
assenbl y trasslages inte glativelyrhigh produqtion aB‘;PPﬁrﬁB]ﬁ(fo €senbly including: a

support beam fiidbelthdiiibdidiisn fld Scritineads BPghb i peitentfthiipatpend i on of

t he support beans, eac print nmodul e including a printhead chip, the

pri nt head madhe madegi ofe series dfisepaeate pintheadamodules mounfediediagent RIGAOME 4| i gned

with each other, said rtion.of the.suppgc _ ' ad chi ps
bei ng pri r@?h‘wdgﬁ%ﬁﬁ?gf aye pﬂ%\'&ﬁﬁg%g‘g’teggn‘%?a W%C%%%g’s%%ﬁ?ﬁnt of
thermal  expapshtdig prodiRedbiPafidentlftiihead ynddeles itipmsedsary taatdurately dligiothei on of
the support beam defining a core of the sug&g&tol?c%%q?@&&e%%ggggrhmgeam may

i ncl ude armesiwesrafisrigpy haysdeen BAwHehIoR FgPoT
each module precisely abuts the printing from adjacent modules. - N
o Unfortunately, the alignment of the printhead modules at ambient temperature will

change when the suppoft beam expands as it heats up to.'the operating temperature of the

' printér. '

' Summary of the Invention |

: According to a first aspect of the invention, there is providgd a printhead assembly

for an inkjet pri_nte_r,_'the printhead assembly including:

a support beam; and ' .

a plurality of printhead modules fast with a portion of the support beam, each
printhead niodule ihcluding 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 prmthead chips being primarily of materials having substantially the same coefficient of
thermal expansion. A

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 ‘pos_itioned aroqnd
the core. A movemeﬁt compensation layer may be interposed between the core and the

outer shell.

The printhead chip and the core may both be primarily of silicon.
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the- care. A novenent conpensation |ayer may be interposed between the core
and the outer shell. The printhead chip and the core may both be primarily
of silicon. MI138-AU . -3- The nobvenent conpensation |ayer nay be an

el astoneric |ayer. The outer shell nmay be netallic. The core may be
slidable, to alimted extent, wthin the°oUter shell. According to a
second aspect of the invention. there i=®provided a printhead assenbly for
an inkjet printer, the printhead assenbly including: a conposite support

- nmenber and a printhead; said conposite support nenber having a unitary

mounting el ement and an outer shell; sai glprmu%i n .et@grrent and outer shell
formed from di f The mavement epmpgnsation]ayer Bray he R & ta‘a*gﬁ‘% % or nounting to the

nmount i ng el emen S@ | adapted for attachment to a printer;
the materi al shé?&g e glggl%gtrbgﬁlr?e er are selected and structurally .

conbi ned such Theéoré hry boslidablej ond limited dxtentalitlix fheratepshef t he support
menber is substantial I¥ equal to the_ coefflcient, of t@r mal .expansi on of
G

the printhead; HMeordingtessecendyspeat ofibgarvention. de isiprevidd aRidiefd e novenent

between th By ' ﬁ;}:ﬁﬂér : ind=Or the purposes of this
speci ficat ?Sgn, ?ﬁ%&ggg% Cl eh@gg#@%%a?ﬁtgigg#g?ngg of the support
menber" is the sédmmisity supporthfemberartd aoprirtheadyal expansi on of the nounting
el ement taking ipto acgount- any external influences fromithe rest of the
support. Prefer %f%mn%'ée PIPPORt er havinga upt @ ﬁi%&gmﬁﬁﬂ&“g t hat
separately unt to the nounting elenent, each of the nodul es having a
silicon MEMS thip, wherein the nounting elenent is also formed from
silicon. In a paidinouitmglelenpntdndroutat shalt formedhomdiffesent materisdss f ur t her

i ncludes a netal . portio adapted for attachnent to th rint f er abl
the nmounting el @ﬁﬁﬁf{“d?e?‘q?ﬁ@g%r%'eﬂ%&“g% SHPHEPes eilneﬁg%[iatsfugr?g{‘ \7\ne{nﬁ| n, Y
t he net al Mf){eﬁ%}.aﬁhmmm. ments, the printer i's a pagewi dth printer

and the support nenber is a - C g .
A PP . the materials of the support member are selected and structurally combined such

that the coefficient of thermal expansion of the support member is substantially equal to the
- coefficient of tﬁemd expansion of the printhead; - |
wherein the supbo‘rt methber allows limited relative movement between the _ B
mounting element and the outer shell.

For the purposes of this speciﬁcation, “the coefficierit of thermal expansion of the
support member” is the effective coefficient of thermal expansion of the mounting element
taking into account any external influences from the rest of the support.

,Prefefably, the printhead is two.0r more printhéad modules that separately mount to
the mounting element, each of the mddules having a silicon MEMS chip, wherein the
mounting element is also fomied from silicon.

In a particularly pref:'erred form, the support member further includes a metal portion
adapted for attachment to the printer.

Preferably the mounting element is supported~by, and adjustably positioﬁed w1thm,
the metal portion. |

In soﬁle embodiments, the printeris a paéewidth printer and the support member is a
beam with an elongate meﬁl shell enclosing a central core formed from silicon. |
Conveniently, the beam is adapted to allow limited relative movement between fhe 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. |
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beamw th an el ongate netal shell enclosing a central core fornmed from
silicon.- Conveniently, the beamis adapted to allowlimted relative

nmovenment between the silicon core and the netal shell. To achieve this the
beam may include an el astoneric |layer interposed between the silicon core
and the netal shell. Furthernore, the outgr shell may be fornmed from

| ami nated | ayers of at least two differém netals. MJ138-AU O -4 It. wll
" be appreciated that through careful design and material sélection, the
coefficient of thermal expansion of the nmounting section of the support

menber can be made to substantially ma t he coefficient. of.fhernal
Expansi onhof t havilhbe mm&ﬁ%W@OUMﬁ&BW‘@igﬁﬁﬁéaﬁm& tP#er ences f
et ween the er expansi on. kb b&ddn 8P ts{;ﬁ,oﬂrmmdra@&ection o]
t he suppor‘t‘oeﬁ‘?’rﬁ‘gr%%ﬂ\"ﬁ‘g ﬁ?‘% 1eo(lrgn?fo q%@l{nlrtﬁa%ead rrlmdulee m saljgnrrent. are

avoi ded. Bﬁlaﬂéﬁi Sibitiiallh raSehROcdefficent of thermal ez pansiodf & epdehips. ve

movenent etween the outer shell and npunting section, .the. | of
bowi ng ar eWitheut anysignifirant differspcesbeven thedhe ¢xpansipn of tha&x%%gfggr&gd

enbodi ment of the pres iny i ol ﬁﬂﬁﬁéa d Resiulymisdignafent
exanpl e onTPUGRHE q0§f°§?%%%lgp$rgh}eﬁ]ge}§%ﬂ&?r?§g%?% drawiung, in which: Figure
1 is a schggubbided 'Bpdesitiiid a8 sefpoft npmbrer emgomswdatd isgme sddiva ey ementt he
present invention. Detalled Descriptijon of tﬁe Pr fer.rggrelfdiga%g& ts
Referring basweercthe puter shellppd moupting-Resion, thenrpliems oL bowilg 2o B0 S¥NESL L ) o 2,
Is fixed to a support beam 3 adapted for nounting in a digital printer
(not shown),. . |« Ng- 2 has a silicon printhead chip 4. The
chi p has ahrf}ﬁﬁgéﬂfﬁﬁﬁﬁa%otﬁgg%ﬁéﬁh%nbers and _actuators formed using MEMS
- techni ques. ToAgmeferred dnitaxdiaent ofithe Prdsentriryention wilhsow be descH ych‘gjd by

adj acent printhead npdules 2 dges not exce r; tm ned maxi num the
coef fi ci enexagmle only.vafh refesenceite, e%@ﬂﬂ%&”&%%ﬁ“a”?{‘ ’6‘22“%} “shoul d cl osely

mat ch the COSTighleql o Olnehddl Hbs SEBGHGH Dptirahead iabictibly accBtiingtatieuesentand
m ni rum al | owabl"e coe? Icients of thermal expansion for the support beam 3

can be calimubmttond using: the maxi mum permi ssible msalignment between
‘adj acent printheads; and, the difference between anbi ent tenperature (or

more part 6%&%‘&3 dehs%rgpetrf?ﬁ 'St ehePriferred Embodiments - ‘
Referring to the figure, the printhead assembly 1 has a printhead module 2, is fixed to
a support beam 3 adapted for mounting ina digital printer (not shown).” The print_l}ead
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 prqduced by adjacent printhead

’ mbdules 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 permiésible misalignment between adjacent printheads; and,
- the difference between ambiént 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 priilthead chips using the following formula:

AX max
ATL

|Mezz - Pers| <

~ where: _
AX__ is the maximum acceptable misalignment between printhead modules;
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whi ch the nodules 2 are nounted and aligned on the support beam 3) and the
equi librirum operating tenperature and the | ength of the printhead chips
using the following fornula: AXE Mere- Pcr~ <_ ATL where: AX is the

maxi mum accept abl e m sal i gnnment between prd nt head nodul es; M138-AU 0 AT
is the difference between the tenperature when the nodul es were nounted and
aligned on the support beam and the equilibrium operating tenperature of
the printer, L is the length of the printhead chip. M is the coefficient

of thermal expansion of the support beam an P is e coeffici of

t her mal expansiA@iis thie differenseibatween thedemperatifesy @%M@&“ﬁﬁrﬁwgﬁ{a@?g@that

for: AX. =1xWn AT = 40C L= 20 t.hen: | . - Serutufe thélﬁgrgcr and if a

silicon pr,,hﬁﬂ?é@@¢%%§@abe%ﬁg'g?f@'“ﬂﬁ?‘8’9%%%ﬂﬂé§g& X nuar(rﬁ and m ni mum

val ues for the,cogffiiCi : @lp. expansi on of the support beamare: -
O e S

M,~=2.6 1. ( I's provides a paraneter that can be.used to
sel ect appropr%&sﬁ%b&éﬂﬁ&kﬁtﬁffﬁermlmﬂwmfwgﬁbﬁ%m’cﬂ? for the support

beam 3. In one preferred_for t he beam .3 [pcl . licon core el enent
5 bonded to a Ra{ﬁlmqweﬁm@ﬁ&wﬂést’ﬁﬁ#ﬁ‘tenm e%?‘(gflgb'l ayer 7. The

éerm
nodul es 2 nount, {. £8RNt 5 which helps to reduce the effective
-coefficient ofht lgrb%g pr%)%%)%glon of the support beam 3 such that it falls
wi thin the acm(eﬂgabkqor‘ﬁnge. An el astoneric |layer 7 may be interposed
bet ween the outer shell 6 and the core elerment 5 such that the influence
of the outer shA#I=4403€ the coefficient of thermal expansion of the silicon
core elenent is reduced.
L =20 mm
then:
Mgz - Porel < 125 X 10°m/°C
*. and if a silicon printhead is used
P, =2.6%10"m/C
then the maximum and minimum values for the coefficient of thermal expansion of the
support beam are:
M, = 2.6 £1.25X 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 elernent 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 reduqe 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 ?xpansion

of the silicon core element is reduced. |
Alternatively, the silicon core element,5 may be mouated 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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Alternatively, the silicon core elenent,5 may be nmounted for limted
sliding within the outer shell 6 in order to negate or reduce any

i nfluence fromthe generally high coefficients of thermal expansion of
nmetals. The: present invention has been deScribed herein with reference to
specific exanples. Skilled workers in s field woul d readil y recognise
that the invention may be enbodied in many other forns. MI138-AU O -6
CLAIMS: - 1. A printhead assenbly for an inkjet printer, the printhead
assenbly including: a support beam and a plurality of printhead nodul es
fast with a portion of the support beam each printhead nodul e including a
print head € MSFfe pri nt head nodul es being positioned so that the

beam and Te. g PHERE ARRIIY S e R00 PR o BepdleRly RETRE, SuPPort

substantial ly td@pgmeemaﬁﬂl cient of thernmal expan5| on; wherein the
support beamls conposite, with said portion qf tFE‘S ort beangl defi ni ng

a core of the sAipwhty fpanthsadmaddesfast witka BFHRRP PEPETBEED an out er
Shet 1 1P iR th ARUAEARE o G featohif ¥ prtida8 thBeRS bbby podtiGed somd | 1
claim1l a rmverren onpensat ayer is interposed bet ween t he
core and tthst therprisitheddehips a&mmmhmmmmmﬁh@m@t beamgand m 1, in
whi ch the printhead Chlp and, t ore. bot h,pri i f LRty 4 A
pri nt head tg F‘% ‘ﬁ“ﬁy@lc ag E‘? g %Eu] tﬂrfélosa%r?ecg%éﬁ tof
corrpensatltgamahg,y&ﬁﬁb,§ an eI astoneric Iayer 5. A printhead assenbl y as

claimed in claiml, in.which the outer shell is rretalllc r| nthead
assenbly as cl avheeein the supportbeam isicpmpsitehwith said perdion of Q‘PlsEEPSFté’

limted exfs Riing a%obd% etsm%pgt"l! b&im Sk herelitSfiphbit beam includes an outer Shell

pos_itioned around the core.

=1

2. - A printhead assembly as claimed in claim 1, in which a movement compensation

layér is interposed beﬁaveen the core and the outer shell.

3. A printhead assembly as claimed in claim 1, in which the printhead chip and the

core are both primarily of silicon.

4, A printhead ;issembiy as claimed in claim 2, in which the movement compensation

layer is an elastomeﬁc layer.
5. A printhead assembly as claimed in claim 1, in which the outer shell is metallic.

6. A printhéad assembly as claimed in claim 1, in which the core is slidable, to a
limited extent, within the outer shell.
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