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WD 2005/ 082629 PCT/ GB2005/ 000739 -1- DROPLET

DEPCSI TI ON APPARATUS The present invention. relates to
wale@plogte2gleposi ti on apparatus and in parti cul BET/dBOWS/000739

on demand ink jet printing apparatus. In the field of

inkjet printing, image quality is often neasured in

terms of dots per inch (dpid-where the higher the

nunber of dots the better the inage. 5 Wiilst this is
DRQIET HERQSIFION APRARAITUS s not true in all cases.

For exanple the dots may be of such a size that

decr gasipngsehbRvepaci Rgate ty\eRipldt iepbsitibh appd@tusiehd in
i nprovenent to the inage quality. In fact, in these

patticURF HESPSort BEmEHAkAK ¥t PivtingRppapstused since excess
ink is deposited that causes bleeding, cockling and

e e T TR

dgtssdé?%c% @g@ @'}g@%r}%ﬁﬁﬁ%@he g&%e‘i@?%ﬂ%ﬁgg ggﬁgglt'he | %ge.

as 'percei \ : g1og !
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W th 15 different drop sizes at a resolution of 360
ng HNPYRMSNbip e iMAge srghlyt Idact, inthese situatipnsdhe quality may
appear to have a better quality than an identical
be nedyisegd sinvecaxcess inkriadgpesiteribainrauses hleedirg, caghling and
These hi gher dpi imges nust be created by repeatedly
sipisthiroggha print 20 head over a substrate. Dots
deposited on each pass are interleaved with -
pr eviTbe shajorjty ofitedntotially Svalableciakibt pasterst arkeapable of
finite tinme to conplete the tine required to print an
dépergiing & singlel RASEE. Howelen @id L @dlity\bf 4h infeyd) wBtRFcéed by
passes. Certain print head constructions are capable
tHf hUPham bl Gs iInRO0Sd BY d3B8SIRhg varitid si@e®@bidPiett $afet fhan just
exenplified in JP 4-259 563.” Two actuators having a
s@?{e%ﬂéd drﬁéle%f? 'Tznb S’%%Iﬁlcl]lgc{ %e I%oéﬁﬂg?@ég?l@%li&uﬁbﬁg isH¥hown

her si
in the art as greyscale.

A print head that is capable of printing with 15 different drop sizes at a
resolution of 360 dpi can produce an image that, to the human eye, will appear to
have a better quality than an identical image printed in binary at 720 or even 1440
dpi.

These higher dpi images must be created by repeatedly passing a print
head over a substrate. Dots deposited on each pass are interleaved with
previously printed dots. Since each pass takes a finite time to complete the time
required to print an image is increased in proportion with the number of passes.

Certain print head constructions are capable of printing images at 360dpi.
Such a print head is exemplified in JP 4-259 563. Two actuators having a natural

density of around 180 dpi are mounted on either side of a substrate in an offset
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SUBSTI TUTE SHEET (RULE 26) WD 2005/ 082629

PCT/ GB2005/ 000739 -2 arrangenent to provide a print
whead/oks29 ng a natural resolution of 360 dpi. BUIGB2@5/000739

print head is comonly known as a "back to back"

actuator. The ease at which actuators nmay be stacked

to forma higher resolutior2print head i s dependent

on the natural resolution of the actuators. At 180 dpi

arfandeniér o FovitkPe prifietba hdviey A aBRIraIe 8 NtidHEPTBAAS. Such
360 dpi a drop is deposited every 70pm Two 180 dpi

a BRAUKERS 8 céhﬁﬁ&ﬂg kGt 8B @Sbhcifb bafkd8chinta60 dpi nmust

ensure that droplets are deposited at regular and

oot L ERERLOPR ARG LBt diRinal o stlkdd [MrhIen hgPIeghRtion

t
correct 'y creat €s I cien Lesiln re q Y e
PreeRy BFRGRon e FHTEN RS nf PoweRe A Bl -

kno as .bandi.ng. A small .tol eran ei t.her way of the
dIgRYS Hanrisd Al areiceiy 24P Ip1 2P dePoried
visibly affect the quality of the inmage. This _
evegyY £PEMe &Wes! 30yai agiuptprs fé&ﬁ?ﬁi 0 deresit Apimageaat. 360Ri peust
case where two 360 dpi actuators are stacked to give a
enspie Higt dropiely @re deposdied @t ey uWiaopceynitiigul tunp spagingurtailtire
at a regular spacing of the order 15 35pm In this
tozgliga it deopiets kerrecilyaraaiee deficieheies frathierqyality ofdieiinealge 0 -
around 7pm Alignnment is sinplified by ensuring that
protieces); it exaineple tghtli afd thdker bandsatnay bedseingvisibhiacn isnage
slim- a thicker substrate of increases the separation

eredr is th@momly kedwrad®banding. Agmalinclerare ehepway ontHehe
optical alignment of one actuator 20 with respect to

optiturRtshaging Maéd@bﬁﬂé%ﬂ@?H%nﬁ%oe@@ﬁf vish\Pasct the quality of

actuators 1s one of therma managenent . he actuat or

th8HabBeTHiS tFeLALE S Ghicaly +4 188REha $o0'6&thedd! | N9

operation of the print Head, integrated circuits

e B SR AW SR T BEIRIEBR 2 B
BB ok DR B PRI RD AR SDEBbP e orcer
35um. In this arrangement the tolerance on the spacing is reduced to around +/-
7um.

Alignment is simplified by ensuring that the substrate to which the
actuators are attached is slim — a thicker substrate of increases thé separation of
the two actuators and can increase errors in the optical alignment of one actuator
with respect to the other.

An important issue for back to back actuators is one of thermal
management. The actuator and the integrated circuits generate heat during
operation of the print head, the integrated circuits being the major contributor to
heat generation in a piezoelectric print head. For print heads utilising resistive
heating to generate bubbles the major source of heat generation is the resistive

elements themselves.
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el enents thensel ves. SUBSTI TUTE SHEET (RULE 26) WO
2005/ 082629 PCT/ GB2005/ 000739 -3 Looking in

w@asosiogasbar at a piezoelectric print head, thePCDGBRIVEP00739
used material PZT is a poor conductor of heat and can
easily be cracked and darragsg_d t hrough differenti al
thermal expansion. It is al i nportant that the
tenperature of a print head remains at a 5 constant
t enpleecking i paticuier MPepiatoaecttioprantdiahd, EEPEsBINGhE used
dependent printing defects caused, for exanple, by

materiahtiZ0nis & poori condactoy obiiedt R@dicak ediely be crackBRSHAt ur e
fluctuations. Wiere a single row print head i s used,

derhagea! ihsouth diffelentianthernidl exPansibhi S can be designed to
10 be sufl:‘thi ently large sobas to absorb and conduct

healt Yo I 6dr e Ghe! R Aior B ALTBI Prinh L& omains at

m ni m si ng tenperature vari ati ons.

i T t neration tha
A Pé?gﬁéﬁéoea@?ﬁ%ﬁé&sﬂ%eg@gsnbentrpém?‘n:g
JRAHD d chips. As i scyssed above, i
defis dgé?%ﬂb?@%}ﬁ@ﬁ b?w\éaé'apﬂ'gs Wh‘f'%ci?ﬁg)égg 'f‘hguﬁ_ﬁﬁ)ﬁort
' nuf acture. But, any reduction in thickness
teﬁaﬁeﬁ@%‘ﬁ‘& %nf"educes the volume of hrrateri al
' f heat away fromthe actuators.
The WPeisc sl B Pt headles aqs! HRtp &80 fealSmitia s her
probl ens. Thus, according to one aspect of the present
-—’fh'E‘fﬂfeﬁ%tqféfﬂﬁ%bﬁ%ﬁ%uW@Fw?gakheee@wat@rrseﬁhetef@epm ¢arobe designed to

apparatus conprising a chassis and at |east first and

begefigigntlyJargeo g focbsetmand cemttct heatuawayoftomEehe sictuator
conprising an el ectrically actuable droplet ejection

elementathareby thirimising teraperdtury eadationgi t ry to provide -
actuation signals to that actuator, wherein said

chassadackiipbiasle ardhitectnry thktetls, dRBROGE thelah §&MBHation thand'n
managenent surfaces, an internal fluid cavity situate

S A A O SN A AR .
discussed above, it is desirable to minimise the thickness of the support to aid
manufacture. But, any reduction in thickness of the support reduces the volume
of material available to transfer heat away from the actuators.

The present invention seeks to address this and other problems.

Thus, according to one aspect of the present invention there is provided
droplet deposition apparatus comprising a chassis and at least first and second
actuation means, each actuation means comprising an electrically actuable
droplet ejection actuator and electrical drive circuitry to provide actuation signals
to that actuator, wherein said chassis comprises two parallel, opposed thermal
management surfaces, an internal fluid cavity situated between said thermal
management surfaces such that fluid in said cavity establishes thermal contact

with said surfaces and fluid ports arranged on the exterior of said chassis and

communicating with said internal cavity for supply and circulation of fluid through
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25 with said surfaces and fluid ports arranged on the
exterior of said chassis and communicating with said
WO paososmsko cavity for supply and circul ati on of PET/GBA005/000739
t hrough SUBSTI TUTE SHEET (RULE 26) WD 2005/ 082629
PCT/ GB2005/ 000739 -4 said internal cavity; the first
and second actuation neans-Hei ng nounted respectively
on the two thermal managenent surfaces.
saitingarhalgewily the fitsd tindtsieeond botabtion eredint heirdy imvented
circuitry of each actuation neans are in thernal
respattiaely onithé tivb eharsmd nismbgemehesurfdcegpnagenent
surface. 5 Suitably, each actuator conprises a body

of Dl\cﬁ/éﬂ%g%%élycbéfﬁttl@é b&bafﬂ? 4Rl 98e HAvd BIREUTRY of &aHALdtuation
wi th the associated thermal nmanagenent surface.

mé’ér%f%a}mwermfgﬁgaﬁw I S%ngféo%eﬁng%gﬁé@émmguﬂgca

a high coeffic transfer

gg;t uLgttﬁlb\% I’Pé gforr%gn{ﬂiﬂ é%lo ?letnglfa |8ﬁ1¥%t§rlal
%@%ﬁﬁw e &aﬁﬁh?%%%?c‘éﬁsa g h?a&%%‘sheg'?smw

co d to def| ne, t.he interval cavi The nmul ti

o RS T chaRse Do W@?eral hd e achis posrBeinnicot

and preferably the surfaces to which the actuators
theTmal BRIk RAGICHEER PIRIETEe ”E?t?réﬁjuﬁ" pdlermadly sesductiva plastic,

surfaces preferably being nmachined after the nmultiple
upathes meicRals serh-asmatale Mayi@she-appranriale —cavity—— —

preferably conprises separator neans thereby dividing

sai (Prefierabinthie dmssisyis formedaoffmultiple praatsnsdid foarts being

provi ding thermal managenent for said actuators and a
coswirmudoctedinadhe ntervalraavityli Trg mbkiplepartamag &eEotmédb

integrated circuits. The divider neans may be a wall,

mduiding edrasonve otherareghsthand prefarablychaBnghcey wf ik tne
bei ng chosen to provide an appropriate flow of fluid

actuatsrs bhe moudted & rhadResRIcesl rduirel iffafnels. PR Yaked
dependi ng on which generates the greater heat energy.

pré?é%fbﬁr@ahy nﬁeﬁﬁlr‘fe'd%ffér kife M@itﬁof &@b&éﬁc&ﬁ ABQL her

l'iqui'd may be appropri ate. e Tl et tenpera ure of

the thE Whidr B %aif freRaf§ %rtnﬁﬂges separator means thereby dividing

said internal cavity into a first channel for providing thermal management for said
actuators and a second channel for providing thermal management for integrated
circuits. The divider means may be a wall, the relative dimensions of each
channel preferably being chosen to provide an appropriate flow of fluid to either
the integrated circuits or actuators depending on which generates the greater
heat energy.

Preferably the fluid is water though a gas or another liquid may be
appropriate. The inlet temperature of the fluid may be kept constant.

Alignment features may be formed or provided on the exterior surface of
the chassis to aid alignment of the actuators or other components mounted on

thereon.
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Al'ignment features may be formed or provided on the

exterior surface of 25 the chassis to aid alignnment
wo@tooslgeeact uat ors or ot her conmponents nount ed PET/GB2005/000739

t hereon. SUBSTI TUTE SHEET (RULE 26) WD 2005/ 082629

PCT/ GB2005/ 000739 -5 Preferably the thickness between

the nmounting surfaces is | eds than 5rMm  nore

preferably | ess than 3nm and even nore preferably of

t he PRfgabETR? tHickrRke heerearsthehouriting suifesesis less than 5mm,

i nvention seeks to provide an inproved nethod of

mBRNBHeRG B SessthAR @R ianal entnhte pr&Rpably bﬂth%rBrHanme
consi sts in another aspect in manufacturing droplet

depq%'%{o%r%@ 2HH&pr g@%ﬁt his86Rs R SBgRE! fl-[sbﬁ’ \?e%%j

| east I rst a secon EJ ection actuato

9 t he steps of form ng a chassis
mgﬁttoﬂ%? }second parallel, opposed t her nal

mana enent IS\l;I\@f aces rgnd aF nt er, d ca %':151?(
S|t GOHIBYY WS PTESFY IYFETIRR CONS Sﬁ%ﬁﬁ% reATPEM aces;
tln the first and second d | et ejection
maew awa g dropigtAsRos(ion APgAratiRWhich omprlses achiesis and at
managenent surfaces such that fluid in said
Ie@%t\fir%ar\éis&e&@nd sirenlet: eiestipn actéaiorse thainethodgtamprising the steps
actuators; and providing a common nozzle plate which
ofj @rmimgl@@amwah fredimed secongparallelt eppersed themnatal
managenent surfaces and which defines a first set of
—mapagdesntfsorfateeand foatternal Buid mavity-sibabdedibsimteenfsaid-thermal
nozzl es for the second actuator such that the nutual

10 . mahagsmenttsudfbcédiambintig the first @addcomd droplet rpectibaactuators
i ndependent of the nmutual alignnent of the first and

re§|@§(ﬂnélgaﬁ1tth@tfiestsandTé&oﬁd exBMal MAvagéinent Mrfdce8@Wchenat fluid
descri bed, by way of exanple only, with reference to

in'sBRY dMit) eWiapisilisABEARE doﬂta\&l Wah bo@paé’_tugtéi‘é% aladsd?e\\ﬁaln@ a
pi ezoelectric printer of t e prior art having a single

cdifirh Mno?%agtﬁgWﬁT |s%‘| f t fr P%W% drfhoﬁ;@ﬁél'te%aﬁi thermal

bac ct uat or Ior art
management surfaces and which defines a first set of nozzles for the actuator

15  and a second set of nozzles for the second actuator such that the mutual
alignment of the first and second sets of nozzles is independent of the mutual
alignment of the first and second actuators.

The present invention will now be described, by way of example only, with
reference to the following diagrams in which:

20 Figure 1 shows a piezoelectric printer of the prior art having a single array
of channels;

Figure 2 shows in section a back-to-back actuator of the prior art;
Figure 3 shows apparatus according to the present invention in an
exploded view of a chassis, two actuators and a nozzle plate arrangement;

25 Figure 4 depicts the internal features of the chassis provided by a first
component of the chassis;
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wa@cewaaswes and a nozzl e plate arrangenent;

Figure 3 shows apparatus according to the present
invention in an exploded view of a chassis, two
25 FCTGBR004/000739
depicts the internal features of the chassis provided

by a first conponent of the chassis; SUBSTI TUTE SHEET
(RULE 26) WD 2005/ 082629 P€®/-GB2005/ 000739 -6 Figure

5 depicts the internal features of the chassis

pr ovFigerd Hiegpicsane imernabiiaairesof te dHaesREWHS] b adiécend
6 shows the conponents seen in Figure 3 together with

cAfporfAPbP#ethesew of the remaining conponents of
apparatus according to the 5 present invention; and

2bhel . : . |
' gulflgur% é §h&i@%tdo%ne\‘1}§¥\éérpinﬁ%&gfiiatg)grgﬁae?g\fi’l %r/w

illustrating t I nterrelationshi

: f : ] lgure 6. Flgure
RS 3 s b BB BL T B Bpb el o 1S ki ¢
formed in a 10 sheet of piezoelectric material 2,
prﬁﬁ‘?rgﬁn\feé‘t'%’l%ﬂq sed in the direction of the arrow P.
The Ils that separate the channels have el ectrode
mat 94 Ai§A ?%'OB%' MIRK LR a8 golereetiscale Justraig Wspl i ed
_between the el ectrodes can cause the walls to defl ect
intefrelpiionship phrartainikey spewonepiscaf s apReIals showndnifigure 6.
contained within the channel, wth the pressure wave
converging at a nozzle formed in the nozzle plate 4 to
15 produce droplet ejection. At the rear of the

——act Udgarebdspitistar pirghd#il ofsthpipoior dgdChamrels Braraformed in a

electric tracks 18 further connected to driver chips

sheeobf sibaowigctrid hatdrizd @k whithes polagised imithe diretticVof thetdrow P.
el ectrodes on the walls 8, 10 to form an el ectri cal

THOWARCthiaPSepartd thé tRaMAIS M8V ElcBRto@sBHSrial bPplied to them
substrate 16 extends bel ow the channell ed 20 conponent

sutfl A&t @&sagﬁg@pﬁeméﬁféeﬁ thekldceded ez9ehesd t'hbgnlalls to deflect

mat eri al . ops of the channels are bounded by

SBYE, THIH g T PR e e
with the pressure wave converging at a nozzle formed in the nozzle plate 4 to
produce droplet ejection. |

At the rear of the actuator a substrate 16 is provided that contains electric
tracks 18 further connected to driver chips (not shown). The tracks are wire
bonded at 20 to the electrodes on the walls 8, 10 to form an electrical connection.
In alternative arrangements, the substrate 16 extends below the channelled
component 10 and acts as a chassis for the piezoelectric material.

The tops of the channels are bounded by a cover plate 12 having an
aperture 14 that acts as an ink manifold allowing ink to enter the channels. The
active length of the channel - being the distance travelled by the acoustic wave in

the ink - is determined by the length of the portion of the cover plate which closes

the channels and is denoted by the letter L.
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active length of the channel - being the distance

travell ed by the acoustic wave in the ink - is
waledsosdored by the | ength of the portion of theCT/GB2I05/000739

pl ate which closes 25 the channels and is denoted by

the letter L. SUBSTI TUTE SHEET (RULE 26) WD

2005/ 082629 PCT/ GB2005/ 000739 -7 The ink manifold 14

is connected in any appropriate manner to a reservoir

( not Tishipkmanifdld 04 1d eorpleatesl id any adbt@t s niaPnbh® 4 reddtvoir

face of the actuator and contains nozzles (not
(ndhstsn). one per channel . 5 The mechani sns of dropl et

ej ection fromprintheads of this type are well

documeszﬁé gleﬂe Yhe a&éw&d @the &0t Fa%@%ﬁ%’éaﬁéthéito%hh BRtains

be discuss In any further detail in the present

n&E@ | ﬁg{ mﬂvn)’de I%%rocég%g actuators are known in the

pri or ar |gure 2. The act uators are

EZSZPL"%%%WS%“O&?%O%% SeoBIf e ! kyes.a{% well

di rec ns,as shown hy the arrows, P and Iamn
d%g@fi%ff PR oRhad Rodbonssaray dRbae i oisiRsadan opy further
osite sides of a central support 40. Channels 6
deé?' indBgmresand applicalifidet s and an el ectrode material 38
deposited on the defining surfaces of the dividin
wal | Bacie haekmetiadors sre kapws éutheyprios welras depictgd in gsure 2.
Figures 3 to 7 depict apparatus according to the

—The-actuators-aneeeadhdarmedsirney layérg of ipiazoelseticanateriabiigyérse3d, 31

a chassis 100 forned by the bonding together of two
anto3fs; a6 are polassed m oppokite dirpetions akGhomncoylibé.arrbws P and
chassis 100 is seen in its entirety in Figure 3 and

latniveatéavibgedtidro fortn Stiuaiél THedke\shdorl drg bondEd gyibesosité sides of
5. The chassi s provides support in the form of thernal

a a@ﬂﬁeagupmrt 20. SHAARILE aé@ga\w Mtame stescts bRE An kM Blbe
for two actuation neans, each of these conpr|S| ng a

mBicFEPSd 68[5c5élt%d%ttH@td‘éﬁnlili§§uFf9§e§ Qigt%tb‘?\hdl}g%t\/\%” The channels

assocl ated drive circul (as further scrib

arQ%lld%\éQi'by%cﬁ‘/BFszﬁf syupport 110 i s shaped and

Figures 3 to 7 depict apparatus according to the present invention.

Generally, the apparatus comprises a chassis 100 formed by the bonding
together of two concave, plastics moulded parts 102 and 104. The chassis 100 is
seen in its entirety in Figure 3 and the two parts are shown individually in Figures

4 and 5. The chassis provides support in the form of thermal management

surfaces (as further described below) for two actuation means, each of these

comprising a piezoelectric actuator 106,108 together with associated drive
circuitry (as further described below). A nozzle support 110 is shaped and
dimensioned to be bonded both to the chassis and to the nozzle plate 112 and to
provide marginal support for the nozzle plate.

Turning to the detail of the chassis 100, towards the front of the substrate

there are found parallel mounting surfaces 50a, 50b, spaced apart a distance of
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di mensi oned to be bonded both to the chassis and to
the nozzle plate 112 and to provide margi nal support
wo ooostosas2nozzl e plate. 25 Turning to the detai PCDGBRIVS/000739
chassis 100, towards the front of the substrate there
are found parallel nounting surfaces 50a, 50b, spaced
apart a distance of SUBST+&UTE SHEET (RULE 26) WO
2005/ 082629 PCT/ GB2005/ 000739 -8 the order 3 nmin a

thél bF RS 131 1B RES Gifstdios WeAberidouldiao phé prinefof thes stdeaCA Sighter
A tighter tolerance on the distance between the

tol?rléét cgco?rsthéto*ikqgn tHelf MRS SlikAcdIqth=dRRfd §&hdralyPbe

ing process) Is achieved through a nachi ni'ng step

exé@@t[aﬁ i Q%?Lﬁéinﬁ%(ﬁble%gg@tédﬂ%v% ﬁ@@%gﬁ ﬂq{gﬁcﬂﬁﬁg%ﬁﬁ:\%éﬁé one

chem ca to provi tter aces.
h resent invention enabl [ i f L .
or hg AR i PR e ationbe i Tl Bk fo provice
ortions of the chassis, Each surface. ha | engt.h_of
fefigEsutates: Bb® ARselT MO RIsap It MeREn e e TG o
an area of the order 10 cnR. These dinensions are
susaees witkewt negdingdampaching,elfier rediens oh aRae|
pi ezoel ectric dropl et deposition apparatus 10 havi ng
ar olrath3Bofach Aaa @ lengthrof dke prder B8 mgNHANSE a braagimeidthe order
capable of firing 15 different -drop sizes. Second
14pheamand porreaaiths 2egdershemlj Hesatdimensioes atausitfiicient to
surfaces 50a, 50b provide a holding surface suitable
mbwunt-shsHedic npddy sharediwalipitzoeledtnd-dgpiat@i@position apparatusy
be bonded directly to this surface of the chassis or
haiYily dr6und® B850 eHanridls, @i #dtive Nreytivetl il @ineand capsisle of fitng 15
board. Wngs 54 are provided at the side edges of the
diffdaasdropaitsar e provided wth datum features and
features to enable nounting of the print head into a

pri @@Jonﬁypéé‘gﬁ%lﬁﬂﬁm 525V 55t BhfachhY 8488 ftBuniiRG 461d5ddd 50a,

and 1nt eted head can be provided with a bar

S R TR
cirtcnl S rrn%?/rbeorgontd%‘a dclrré%ﬁf {.osth%ns%rf"alcle%%ﬁeo&l)a%%‘s &J rHé)(;I be mounted
on an intermediate printed circuit board.

| Wings 54 are provided at the side edges of the chassis and are provided
with datum features and features to enable mounting of the print head into a
printer. The wings are visible throughout manufacture and in the completed head
can be provided with a bar code or some other marking device that can contain
information about the head.

Ports 56 are provided to the rear of the chassis and allow coolant fluid,
preferably water, to be circulated through an internal cavity in the chassis. The
large upper and lower surfaces 50, 52 of the chassis ensure that the majority of
the heat generating components can be efficiently cooled by the coolant fluid.

The material of the component parts is a thermally conductive plastic and
suitably one known as Coolpoly and commercially available from Coolpolymers,
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preferably water, to be circulated through an internal

cavity in the chassis. The |arge upper and | ower
wa@arosage9 50, 52 of the chassis ensure that theCT/GB2005/000739

mpjority of the heat generating conponents can be

efficiently cooled by the coolant fluid. 25 The

materi al of the conponent p&r-ts is athermally

conductive plastic and suitably one known as Cool poly
Inanthe plawstt pradidas goorithethal conouetiVitg bp bétyweEehst.2 W/mK and

SUBSTI TUTE SHEET (RULE 26) WO 2005/ 082629

2RI (RPERAIIRIBMPe m&elifichod&e aRd @MbGId@b{éVér%‘hngv%%émal
thermal conductivity of between 1.2 WnK and 20W nK

fegﬁps@aéw.b%a dt%e %Peﬁtbmal FR5E8 dBBetdey 1BRhE Bg'cﬁeaply and

enabl i ng external eat ures descri bed above

oL T SRS s PRt e
oSEREAGLER e T e e

cond ctlve ner s e.availa
ccmdae{f\c% el HE ARG t5i5pre Epebiceinstlsina sndsapabls of
f.or ?nple i njection nmoul din They can be based on
b@lmm%ﬂ &ch VI aRaMRie {iRstion %@!@nghahyv £a8 behaser @ liquid
m de and pol butyl ene -tereothal at e-as-exam pi es
cr!%iaévolm@rs@l PRl Rheayteomssirbide, palyesnidepad apbuiylensd

joining together it is possible to provide internal

—tefaphthalale-asexamplehassis—that aidaligrrent of the two.

conponents, provide fluid seals and / or ensure a
desi Byohdulding frest ¢coroporient pads séparatehhand pinihg ssjetherByis
nmoul di ng and conbining it is also possible to form

pas3iblew prokideringlnat iedneisdo thaehaslsahat &ig dighsleAessthefiwo
the chassis in key dinensions to be 15 m nim sed.

cdnhidHepts} pReRES tigidtdeald dHEr drainshifdd Hé@i?ecpﬂow Eﬁtrpm ﬁIoS

prOV|ded by a first conponent 102 of the chassis

thFUYPARE Bha&SGEmsy ﬁ]%ﬁld‘?hg?érﬁﬁ &%blﬂ G0ty %os%)fﬂlé ‘f@?t)rm narrow

around the peri'phery o contal I ng portlon

e S WO 1 SR SO

he aid of an adhesive ensures a fluid-tight
m@e@FeEjFur t her

Figure 4 depicts the internal features of the chassis provided by a first
component 102 of the chassis. The component comprises a projection 60 that
extends around the periphery of the fluid containing portion 62. The projection
mates with a groove provided on the second component 104 that forms the
chassis and with the aid of an adhesive ensures a fluid-tight seal. Further
projection portions 64 aids alignment of the components to each other.

A barrier portion 66 within the fluid containing portion divides an actuator-
cooling channel 68 from a chip-cooling channel 70. The relative size of each of
these channels and consequently the proportion of fluid flow through each of
these channels is dependent on ratio of the relative heat generation of the chip

and actuator. For a piezoelectric print head, as in this embodiment, the majority of
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projection portions 64 aids alignnent of the

conponents to each other. A barrier portion 66 within
wo b@sosased cont ai ni ng portion divides an act uaP@Cr/GB2005/000739

cooling channel 68 froma chip-cooling channel 70. The

rel ative size of each of these channels and

consequently the proportion!®f fluid fl ow through each

of 25 these channels is dependent on ratio of the
theejemtrated heattis pesvddent from thé chips avllif@ncartioe alibubitig channel

For a piezoelectric print head, as in this enbodi nent,
hdsg graaitar difngnsion tRAPHE Jdtﬂﬁoﬁbﬁﬁﬁg(dﬂb}hﬁel%) WO

2005/ 082629 PCT/ GB2005/ 000739 -10 the generated heat

i's DF’@MI*éj@GeEnb@'Thé RBcEM BSmMPOSkMa0g &f tRecirdsis. ¢8! | ng

channel has a greater dinension than the actuator

SR IR o O3 SRR BSOSO
oAbl SHERERE s el FHETRE AT e 0515

o BRI o0, 1,2 00
R R N N

toget her of two noul ded parts 10 102, 104 as
Wil dowrhardescaibede. The surfaces 50a and 50b can be
machi ned to ensure that the surfaces are flat,
hassis-130-sHierrerd-by the-yraingiggethes of- fwasmoaltdgd parts
second pi ezoelectric actuators 106 and 108 are then
1055 r1 64 cstdeseilred alspec The surfaced a@aand6ah cd0be rbachimad to
surfaces may be provided in the chassis to aid

ersurg@time the suffaeepiaes fiel, atallecamtditat eosredtépaciS Thatfirst and
for exanple, be bonded to 15 the surfaces 50a, 50b

setohd ptdz@éﬁairicxec@mdrwoa@m@%ﬁe Yitsn Boritieaabens bﬁve
110, having parallel, elongate apertures 114, 11

sMacas8ed, sy, UhpgA N abes i b%iﬁr%@i‘éléé .rﬁ% cr{%%Q.s td %?d

strip region 118 of the nozzle support lying between

al@ﬁﬁeﬁ?e{fﬁe élé'cqmc ddifatrlt 66 1B cfd'no%r %&ﬂﬁ)lé’fbjft t%ﬁgled to

assi s I's seen nost clearly’in

th8SLHALY §0a1, %6b%ﬁ’1 tﬂ\gﬁngﬁfc&%bﬁ\}eo&ﬁ%swe.

A nozzle support 110, having parallel, elongate apertures 114, 116 is
arranged, orthogonal to the surfaces 50a, 50b. The strip region 118 of the nozzle
support lying between the apertures 114, 116 abuts the front edge of the chassis.
This is seen most clearly in Figure 7. The actuators 106 and 108 are positioned
just proud of this chassis edge so as to extend, respectively, through the
apertures 114 and 116 of the nozzle support 110. In this way, the support 110,
together with the front edges of the actuators 106 and 108 provide a flush surface
to which the nozzle plate 112 can be bonded. It will be appreciated that the
nozzle support 110 provides support around the entire margin of the nozzle plate
112 and enables the nozzle plate 112 to be formed of a less robust material than

would be required if the nozzle plate were self supporting.
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20 just proud of this chassis edge so as to extend,
respectively, through the apertures 114 and 116 of

wWo b@snsw29 e support 110. In this way, the suppP€T/GBL®5/000739
together with the front edges of the actuators 106 and
108 provide a flush surface to which the nozzle plate
112 can be bonded. It will-bk-appreciated that the
nozzl e support 110 provides support around the entire
mar gdAcThet AtzzR0OAZleen ) et sHpuie, i deRnsEtoeslet 120,122 can
nozzle plate 112 to be forned of a | ess robust

bé“ﬁ)‘n@i@d% allfh abWish briesseaié s8ibfidozyBg 1@9%¥@s§éﬁé.ﬁg with
were self support I ng. SUBSTI TUTE SHEET (RULE 2

théﬂ%ér%ﬁ%@ of Al AP AP e Aher deb 1@@%%n‘e§§oq%§ @5 the ink

been secured, two sets of nozzl

ch%ﬂﬂells%? af%rl]&dI d8n Tﬂejséaﬁ/% s@t@qﬁhb?ﬂe?&vﬁl&)esﬁ%%?@%p%gtf byo én

correéspondi ng

5 afigt %hﬁateﬁﬂoamﬁa?@t Qfesaic Hhe Silates 5] bidhe Sooaatar b the
yEifEos ADesads 18 Chmmaptdt Wil desgtopn gnat thé nozzies

separatlon of the two surfaces 50a, 50b in the
arg &gt By auhalf of ainprzle Pitah hereescne seiendriee athies tos
are offset by one half of a nozzle pitch between one
acsemragrhte e wiatye offset befwisemiirlahannetrinrastuaton E0Gand e
bet ween the channels in actuator 106 and the channels
—channelstivatioatatd®8..10 By forming the two sets of nozzles
in a comon nozzle plate, precise nutual alignnment of

10 t he Byorsrigstheftwoseld efndzzlesdmdidoynrasis noetle plEie,recise
mutual alignnment is not dependent upon the two

maialalighhserRof fHd tWet 363 by nedldie deddlytdi8urcta MRisdAaies
of tolerance. It has been found that a small variation

aligAmieReisAst ldepeRder fupdn e BhCadilibidrs s&ng%uthéﬂ gi ARyned to the
Cross-section of the channel with which it

a@?@'ﬂ’ﬁ%ﬁ%tf &Slerahte NPhadBLES ¥ CfﬁJndftﬁQt §§ﬁ"‘1§ll Qﬁﬁétldrﬂnﬁhé’ gf)gi%ion

arrangenent provi or goo er mal conduc
ofkéeﬁ(ﬁiat o?r‘?ﬁ%g?&ttg%g ro]sg%ecégrﬁ3 offﬂt% éhlglﬁn Eh Whlcnas& s

cavit In _a onf i nt head

15 cog&rggp%?ﬁa, is &Oﬁ ﬁgat%r}aéséﬁﬁe?rﬂggﬁtm g}gqrg 7p{hIS arrangement

provides for good thermal conduct between each actuator 106, 108 and the
“actuator-cooling” channel 68 of the internal chassis cavity.
In a typical configuration, a printhead according to the present invention is
completed with further components as shown in Figure 6. Ink filter modules 602,
20 604 engage with the chassis 100 and with the actuator 106, 108 to manage ink
supply. Appropriate filtering is provided. Printed circuit boards 606, 608 carry
integrated circuits 610 and are in close thermal contact with the thermal
management surfaces 52a and 52b, respectively, of the chassis 100.
A top cover 612 and a bottom cover 614 are generally mirror images and
25  sandwich of previously described components to seal ink flow paths. A backplate
620 provides cooling fluid inlet and outlet ports (only one, 622, seen) and ink inlet
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conpleted with further conponents as shown in Figure

6. Ink filter nodules 602, 20 604 engage with the
web@ssss2900 and with the actuator 106, 108 t oPOEHGBRY®S/000739

ink supply. Appropriate filtering is provided. Printed

circuit boards 606, 608 carr integrated circuits 610

and are in close thermal coltact with the thernal

managenent surfaces 52a and 52b, respectively, of the
andhasgiet port® nly’tvia) 626 @nere28] 2eem)dElechizat conreetien with4he

are generally mrror images and 25 sandw ch of

pribfeRY EiRdR! BO2EE 606 BRE 804 MTeeRhishtly enaRathrdudh ffidxMe connector
pat hs. A backplate 620 provides cooling fluid inlet

63aNthe8rrBLtRPEL WhitR N YcdRBSibiRrou %%Qa%@ﬁﬂud .1 nl et
SUBSTI TUTE SHEET (RULE 26) WO 20 082

and D9t e dHA @t%%tt"’ﬁ *i’%%éc%"‘tn‘-l‘n%&{ B ith (BfetdndeBa e
acfiid %@%O@Pé e Bfate S Bechr Pecik Ba SRR AN B ot A1BE
COf“nhﬁ@%EB 35 e donist ¢, AaRllatad PR Tsabivy e e aiaL Pl @ity

single 5 actuator bonded to either surface it
exiants b%*é"%?ﬁ;ﬁ‘lé’d?éﬂ BErnRLEOmmUpicaHen %F @gttb@ctue@ﬁﬁaa% Reth
may be bonded to both surfaces. Preferably, th
drivacHewts. 19 pome %wgemenatwwruémsqﬁeemsfor the cavity to
thermal comuni cation with both actuators and both
exthridvesteeer the drivel girosiier X 'S
be sufficient for the cavity to extend betvveen the
dri Ve adurtben medifig&tidm ttee $wrfadesrb0acatidf YGedreaperturesd to allow
surfaces 50a and 50b are apertured to allow direct
direent@tactirtweanthshotiogfluidgnd the iezodlectriz material.
pi ezoel ectric material. The advantage that the nutual

al i gnEesdvaatadeltRai®é sh@uakdignirfentef thef iaeleasbts Ryndt ekted

errors in the nutual alignnment of actuators can be

byPhaIF¥PEsah 8 Mitudh SRsHiént s a‘bﬁ%t&r’@%‘éﬁ'b% SHMbRQ LS By S

a nozzle plate in whictch two sets of nozzles 15 have

boRll gatQXhé"éﬁé%szngr’g% gﬁﬁ%ﬁgg ?Ir@‘ige p;ﬂriéllﬁt/vh%hktﬂislgetsoomles

arr angenent nt-to-front or

ha&é%ﬂéeéybgﬁ5c&{r£t%!ff%trh¥&s may be appropriate in

appl i
Whilst a back-to-back arrangement has been described, front-to-front or

front-to-back alternatives may be appropriate in certain applications.
Each feature described in the diagrams, description or claims may be
incorporated into the claims either individually or in combination with any other

feature of features described herein.
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feature of features described herein. SUBSTI TUTE SHEET
(RULE 26) WD 2005/ 082629 PCT/ GB2005/000739 -13-
CLAIMS 1 Dropl et depositionl®&pparatus conprising a
chassis and at least first and second actuation

CIhRMMS, each actuation neans conprising an

2.

el ectrically actuable droplet ejection actuator and
el ectrical drive circuitry to provide actuation
signals to that actuator, wherein said chassis

.ConpIoeefet H\é@oﬁﬁé@éb&%ratt@%ﬂ%ﬁ%iﬁd@ ERBdsiBRREEIRBSL first and

surfaces, an internal fluid cavity situated between

sai d t Ly in
said ggg\g/f]?%kte@gﬁl [ sﬁe’se§ eéﬁg?%cnolﬁte g@% E%ﬁﬁan&bgiag

surf . [ . e ,
ot o SruEY gt BRI, RGBHER AR driaeyBiE Rfyp Yhrouity
cavity for. supply and circul ation.of flui.d _through

ca o BrraieSAeRaYof fonfas el st wbehiih sabtides,
means bei n% nmount ed respectjvely on the tv\{o%Permal
anaRORRATISES (1P Keilel. PP inermal MERBYRAY SU51HERS 9

1, wherein both the actuator and the drive <circuit rr¥

of edeternalflyist Gayity siuped Rebvaen saie thramat Biangeement spriaces
the associated thermal managf_ement surface. 3. .
Apparaachshaidbod th said cavity estahlishes thermisheontagivathesaid

each actuator conprises a body of piezoelectric

mat ersuafacesand didid portsharangedaonthasixterior oh saidechassis and
associ ated thermal managenent surface. 4. Apparatus

ac c orgtimguhicatihgqivith 3aidvibierred] cagitcfor bophyly ahd circulation of fluid
pi ezoelectric material defines an array of droplet

ej eCtthﬂfﬂJgﬁf@ﬁwmkﬁnQr&%qmifirl;ttah_ﬁ sedpidaeilEforT ATEahE Hethg
a conmon nozzle plate ich is disposed in a plane

or .t Eﬁaembdtresﬁéétidely AR tweBRASIaNRRhagahEACaS-RRE.

Apparatus according to Claim 1, wherein both the actuator and the drive
circuitry of each actuation means are in thermal contact with the

associated thermal management surface.

Apparatus according to Claim 1 or Claim 2, wherein each actuator
comprises a body of piezoelectric material mounted in thermal contact

with the associated thermal management surface.

Apparatus according to Claim 3, wherein each body of piezoelectric
material defines an array of droplet ejection channels and wherein the
apparatus comprises a common nozzle plate which is disposed in a

plane orthogonal to said thermal management surfaces and which
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PCT/ GB2005/ 000739 -14 defines a first set of nozzles
wo ooostosas29r opl et ej ecti on channel s of the firsPCT/GB2005/000739

actuation nmeans and a second set of nozzles for the

dropl et ejection channels of the second actuation

means such that the nut uaI'&‘Ffi'gnment of the first and

second sets of nozzles is independent of the nutual

al i gndefirtesd firshsetfof meizzlas fordke drapletcijectionarhamals of the first

Appar atus according to any one of the preceding

cl ai nactusli®t @ieAns ahd a taas set bindzelksddr it dropet 6etikdn

having a thermal conductivity greater than 1.2 WnK

6. ApgdritelsSofahs 8BEbtPadtRatiymenss Slict thet Beasadialdlignment
clainms, wherein said chassis is fornmed of a thermally

condugdihy ?ir&'(?ﬁ‘ﬁtée“cpna selSRRHoBHIES AR5 EHAM bPtHRATMUREE
of the preceding clains, wherein said chassis is

f or meg, flebSt e I ncave chassis
part sgdnﬁérgéﬁ% Oclg L@s@@g%ir(%%gﬁ%ﬁ%ﬁ%ﬂoﬁéa%? the thernmal
managenent surface parts and the chassis parts
conmbining to define said internal cavity. 8. Apparatus

accordin o Caim7, wherein said chassis, parts are .
51 or neAPPEGRARCATINRS (LA Hh ST e AT S ara Feid
8, wherein said thermal managenent surfaces are

machi Fagsisds formasof aMaiRiine Aeviag adherratsonduetiyiy greater than
said chassis parts. SUBSTI TUTE SHEET (RULE 26) WO
2005/ H8MpKPCT/ GB2005/ 000739 -15 10. Appar at us
according to any preceding claim wherein said

internal cavity conprises separator neans thereby
dividing said internal cavity into a first channel
6f or pAppardtusgadcbedimpto amnageofethe precediay cdamed, watedsia said
and a

chassis is formed of a thermally conductive plastic.

7. Apparatus according to any one of the preceding claims, wherein said
chassis is formed from first and second generally concave chassis parts,
each chassis part defining one of the thermal management surface parts

and the chassis parts combining to define said internal cavity.

8. Apparatus according to Claim 7, wherein said chassis parts are formed
by moulding.
9. Apparatus according to Claim 8, wherein said thermal management

surfaces are machined for mutual alignment after combination of said

chassis parts.
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second channel for providing thermal managenent for
said electrical drive circuitry. 11. Apparatus
waecwsngiory to Clai m 10, wherein the second chaP@EGBR@S/000739
a greater volunme than the first channel. 12. A nethod
of manufacturing dropl et deposition apparatus which
conprises a chassis and at -16ast first and second
dropl et ejection actuators; the nmethod conprising the
161 eps Apparatuer acoogdiag ¢thasg preceding daims whareln seiddntérnal cavity
paral | el , opposed thermal rmanagenment surfaces and an
i Nt er papfisad seperatol Yhesink Wiaéredy BRIAMRESaid dhtErnal B&ﬁgﬂhto a

managenent surfaces; nmounting the first and secon

dropl gist Bh&fdl 3t pﬁ‘é\t/iéﬁb%érn’{eﬂﬁgﬁf’a%;bﬁ@rﬂf&%aid Q&uéﬂ%of@énd a

and second thermal managenent surfaces such that urd

ot uat Lkl PAMAE e el Mehagae R Pl A

is di S i.n, a plane orthogonal to said thernal
rranagé%engpcé}&r "aces and which defines a first set of
nozzles for the actuator and a second set of nozzl es
for the second actuator such that the nutual

lignpent of the first _and second sets of nozzles is
1?ndepéﬁa%rﬁfusoaccprén9rm G%'ma”!q’ REFE ﬁtﬁ sgqeadiGhagpeldias a
second actuators. SUBSTI TUTE SHEET (RULE 26) WO

2005/ 9&2Er yohme tspobs/fogehaonel: 16 13. A net hod
according to Caim12, wherein the step of nounting
the first and second droplet ejection actuators
respectively on the first and second thernal ‘
18anagAmeeihod of freerefactanngdroptet depositiort &gparatusathich
alignment of the first and second actuators in the
appar edrprisekda chagssid bodlableast fitstand sedohdidmgdidt giectidrai m

13, wherein each actuator conprises a body of

pi ezogdtaslord; chepichodtbomprgihgthd step$er.mal cont act
forming a chassis with first and second parallel, opposed thermal
management surfaces and én internal fluid cavity situated between said
thermal management surfaces;
mounting the first and second droplet ejection actuators respectively on
the first and second thermal management surfaces such that fluid in said
cavity establishes thermal contact with both actuators; and
provid‘ing a common nozzle plate which is disposed in a plane orthogonal
to said thermal management surfaces and which defines a first set of
nozzles for the actuator and a second set of nozzles for the second
actuator such that the mutual alignment of the first and second sets of

nozzles is independent of the mutual alignment of the first and second

actuators.
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with the associated thermal nmanagenent surface. 15. A
nmet hod according to any one of Clains 12 to 14,

is formed of a thernal | PCT/GB2005/000739
conductive plastic. 16. A nmethod according to any one
of ainms 12 to 15, wherein said chassis is forned
fromfirst and second generdfry concave chassis parts,
each chassis part defining one of the thernmal
18mnagémeethod actardingdarGlaimang, whéreincthassesofrabtisting the first
combining to define said internal cavity. 17. A nethod
accor ghdhgedand@raplet djectiovhgstahtors Aispectiadsos tHfirsbard ©

formed by noulding. 18. A nmethod according to Claim

17, wWesoRdrh&@dl ntdiRigB e B3Rt ve S e shé

\ . ] hﬁ%tual
machi ned for nutual alignnment after conbination o

sai d alfffsestt f B first and-Bebnd dbkiarbisH thbarafis.

14.

15.

16.

17.

18.

A method according to Claim 12 or Claim 13, wherein each actuator
comprises a body of piezoelectric material mounted in thermal contact

with the associated thermal managemenf surface.

A method according to any one of Claims 12 to 14, wherein said chassis

is formed of a thermally conductive plastic.

A method according to any one of Claims 12 to 15, wherein said chassis
is formed from first and second generally concave chassis parts, each
chassis part defining one of the thermal management surface parts and

the chassis parts combining to define said internal cavity.

A method according to Claim 16, wherein said chassis parts are formed

by moulding.
A method according to Claim 17, wherein said thermal management

surfaces are machined for mutual alignment after combination of said

chassis parts.

SUBSTITUTE SHEET (RULE 26)



