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variations in droplet ejection velocity and consequent dot
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drive circuit means for supplying the electrical signals to the actuator
means; and
conduit means for conveying droplet fluid to or from said fluid chamber;
the drive circuit means being in substantial thermal contact with said
conduit means so as to transfer a substantial part of the heat generated in said

drive circuit to the droplet fluid.

Arranging the drive circuit means in such a manner can conveniently allow the
ink in the printhead to serve as the sink for the heat generated in the drive

circuitry. This can substantially reduce the likelihood of overheating, whilst



face, 'and to be in substantial thermal contact with the fluid. Such an i
arrangenent can ensure significant heat transfer to the droplet fluid.
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%‘art:g,w%n%miiot et{nagﬁgg{an%a?% %trr%g} ic%lntact with the fluid. Such an
arrangement can ensure significant heat transfer to the droplet fluid.
Preferably, that face having the greatest surface area is arranged so as to lie
parallel to the direction of fluid flow. Circuit architecture permitting, such an

arrangement can maximise heat transfer from the circuitry.

A second aspect of the present invention provides droplet deposition apparatus
comprising:

at least one droplet ejection unit comprising a plurality of fluid chambers,
actuator means and a plurality of nozzles arranged in a row, said actuator
means being actuable to eject a droplet of fluid from a fluid chamber through
a respective nozzle; and

a support member for said at least one droplet ejection unit, said

|



part 'of the heat generated during droplet ejection to said conveyed dropl et
WO 00l 24584 PCTI GB99/ 03505 2 8 MAR Zpp3 -4 fluid. Heat distribution nay be
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for attaching said at |east one droplet ejection unit to the support nenber

in orded togenesatedtduning deopietiejection tesaid conveyrdrdrapletidiigh. mat i on of the
support nenber to said at |east one droplet ejection unit. 20 Athird
aspect of the present invention provides droplet deposition apparatus
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attachnment nmeans conprises resilient bonding neans for bonding the or each
fluid chanber to the support nenber. In an exanpl e described hereafter, an
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thermal |y matched to t ZT. Formng ink supply ports in the cover and ink
ej ecti on nozddiion, the Hrassagewaly| waycerrpprieatrespéctive portions for the flow of

droplet fluid in to and out of each fluid chamber. Such flow can aid the
transfer of heat from the fluid chamber (where the main source of heat - the

20 actuator means - is located) to the remainder of the support, thereby reducing
temperature differentials.

To provide effective support for the at least one droplet ejection unit, the cross-
section of support member is preferably wider in the direction of ink ejection

25 from the nozzles than in the direction of the nozzle row.

In one embodiment, the apparatus comprises a plurality of said droplet ejection
units, the support member supporting the droplet ejection units side by side in
the direction of the nozzle rows, the support member comprising at ieast one
30  droplet fluid passageway communicating with at least two of said ejection units
and arranged so as to convey droplet fluid to or from said ejection units in a
direction substantially parallel to said nozzle rows and to transfer a substantial

part of the heat generated during droplet ejection to said conveyed droplet



can provide a particularly conpact design having a | ow conmponent count. 10
Furt her advant ageous enbodi nents of the invention are set out in the
descripti on\,v(éj\i1 Wigggs and dependent clains. The invention will now be
descri bed by @2 exanpl e by reference to the fol | owing di FfTA#E3*/43705
which: 15 Figure 1 is a perspective view fromthe front and tcgopno@ gédgast
enbodi nent of the invention; Figure 2 is_% perspective view fro ﬁ r
and top of the printhead of figure 20 1; Figure 3 is a sectional view of

t he print heaﬁ‘éi aken perpendicular to the direction of extension of the
nozzl e rows; Figure 4 is a perspective view fromthe top and above of
one end of the printhead of figure 1; Figure 5 is a sectional viewtaken

along a fluid chgnnel of an ink ejection ' nodule of the printhead of
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is shown at 40. Each nodul e has associated fluid chanbers and actuatio

means and i degdiddistedionangienloieakage of inkesesls cagtuator Gompenentedelectrioal t
("chip") 50) brf( rYgants e.g. of a flexible circuit 60. Ink supply to and from
the print heddPMac iﬁcrespective bores 15 (not shown) in endcaps 90. Figure

2 is a perspective view of the printhead of figure 1 fromthe rear and with
endcaps 90 renoved to reveal the supporting structure 200 of the printhead
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as shown at trdrisférral ofthermal déforiatibh @fthalseppotthacpissragesaid tatiigastrewe of f
into respective ink chanbers, as illustrated in figure 3, which is a

sectional videplet ejerdioprynit-head t aken perpendicular to the direction of
extensi on of the nozzle 25 rows. From passage 220, ink flows into first and
second parallel rows of ink chanmbers (indicated at 300 and 310

respeci2ovel YA thircaaspecticofrthe3tesént imweniion providesideoped depositionsaissiadtus
Having flowed through the first and second , rows of ink chanbers) ink
exits via afF&MRIWIG330 and 340 to join the ink flow ,

a fluid chamber, at least part of which is formed from a first material
having a first coefficient of thermal expansion, said chamber being associated
with actuator means actuable to eject a droplet from the chamber and having

25  a port for the inlet of droplet fluid thereto;

a support member for said fluid chamber and including a passageway
for supply of droplet liquid to said port, the support member being defined at '
least in part by a second material having a second coefficient of thermal
expansion greater than said first coefficient; and

30 means for attaching the fluid chamber to the support member in order
to substantially avoid transfer of thermal deformation of the support member
to said fluid chamber.



al ong respective first and second ink outl et passages 210,230, as indicated
at 30 235. These j.oin at a common ink outlet (not shown) formed in the
endcap | o the opposite end of the printhead to thatpd J he
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row of chanmbers 300 and 310 has associated therewith respecti\z 30
circuits 360, 370. The drive circuits afe nmounted in substantial thernal
contact with that part of structure 200 acting as a conduit and which
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t he respective parts of the conduits 210,230 |lying closest to those
surfaces. This hel ps maxi m se heat transfer between circuit and ink, which
i s al s f agrdrtiert edvhtagiedus einBediniéents bt kReShvehtibReapd r4utt BuUE ifefa ati ng
the ink channel and the circuit, as well as 20 by nmaking the structure of a
material halassgipgeBddravwingsand slepesdeohclai@ser ence i s now made to figure 4,
which is a perspective view fromthe top and above of one end of the
printhead with all but one of the nodul es 40 havi ng been renoved to show
external anrheé mwntioh willtwow Heodestribedt bl ovaR06f ekample byl rdetenceTteethe
structure includes recesses 500 to accommodate drive circuits 370 and |ips
510, 520 t o fplewing diggearas. ipiwhight boards 530 popul ated with those

conmpo ts not suited to incorporation into the drive circuits 370. Form ng
rear | 520 on a separate conmponent 540, as shown in figure 4, allows

t hese boar dsigure bds al parepdctivat iew!fema thy fidr aardd iopnobé firsisémbodimaat okans,
for exanple screws inserted through holes 240 shown in figure 2 and

engagi ng withg lavmtrone not shown) residing in channel 550. Preferably the bar
is made of a strong material, such as steel, able to accommbdate screw

t hreads and reinforce alum nium structure 200, particularly against the
forces  WFi§0Ore22584 perspective view from the rear and top of the printhead of figure

20 1

Figure 3 is a sectional view of the printhead taken perpendicular to the

direction of extension of the nozzle rows;

25 Figure 4 is a perspective view from the top and above of one end of the

printhead of figure 1;

Figure 5 is a sectional view taken along a fluid channel of an ink ejection
module of the printhead of figure 1; and

30
Figure 6 is a sectional view of a second embodiment of droplet deposition

apparatus taken perpendicular to the direction of extension of the nozzle rows.



PCT/ GB99/ 03505 2 8 MA~~ ?.003 _$ generated when installing and connecting
the printhead. In the present enbodi nent, further circuit board is al so
formed with pins (figure 3, 420) for supply of power and data_into t

pri nt head WAQOR#BH posts 560 for 5 supplying power and data FCTERP
processed - to the drive circuits 370 via = flexible connect or sy §7 aARS?‘-ﬁ
connection techniques are well known in.ghe art and wll not therefore be
di scussed in further detail. As explained above, heat generated in the
drive circuFigare S1t flRtiates ed fidtt Bmbbdirhent \Wicdrsplét depoditiin igppagstugbout
the structure 200 as a result of the aforenentioned ink flow paths. Heat
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hal f of the channel ' 30 to operated i ndependently by neans of
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620 whi ch iflexible @ircaitr8a] Ink tstupplyr tosatid frode theé plinthesd @l Vianespdctive beres
supplied to and from each chanpel half for cleaning and heat renoval

pur posks, é§0{1§h8\éfﬁg]r'rélel"§’cﬁﬂﬁ\r/§b' As is also known, cover conponent 620 is
preferably made of a material that is thermally 5 matched to the

pi ezoel ectric material of the channell ed conponent. Ink ejection from each
- channel halFRigire Qiia apensprpiveade >0l theaprintheadnofchgwret hdrarhdneetamand t he

it . f th [ I [ b it tQ that | whij th
el i < Witk anfearsy SORLBRTedSts revednie, SAHeENG, Briciiee alentt Jeor med
in a nozzl erphésd ﬁ%rﬁb?é&ﬁ@%k&%ﬁ?ﬁfﬂ% t gh o0, 230 exteiand e widtR orvoi d

the distortion of the printhead tha otherwi se occur as a result of
t he di20F er ithe printhead. &% artirerin cner efctherénddaps 99 (omites treoxtheotews of
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respective ink chambers, as illustrated in figure 3, which is a sectional view of
the printhead taken perpendicular to the direction of extension of the nozzle
25 rows. From passage 220, ink flows into first and second parallel rows of ink
chambers (indicated at 300 and 310 respectively) via aperture 320 formed in
structure 200 (shown shaded). Having flowed through the first and second
rows of ink chambers, ink exits via apertures 330 and 340 to join the ink flow
along respective first and second ink outlet passages 210,230, as indicated at
30 235. These join at a common ink outlet (not shown) formed in the endcap
located at the opposite end of the printhead to that in which the inlet bore is

formed.



“that of the structure - steel in the case of an alum nium structure - is
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suitable for the tie rods, it will be appreciated that | ow values of CTE
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i ncorporates Ink flow passages 910, 920 extending the wi dth of the
print head. alorieiuraris particparintpretetrechont the groundaghatl itpears hgeeasllp and shown

t 915 in fi As it fl . al th it is dr. ff jnto 5
Fespoct i ve FTRERN JopmRd SyeiRidh, oo 880, 228 ras therpptifivhied cnhie °
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to join the ink flow along ink outlet passage 910 as indicated at 935. A

flat al um nstreatibee rthesmaliy cosdustiver parls or adkesive beingreptooally empleyed i 10
I nterposer |ayer 970. The.interposer l.ayer 970 i r rably bonded to the
structure 9IEEUEE rr?&"ﬁtﬁa??rﬁ?lr?a ﬁﬁaaﬁ'iqﬁﬁwﬁaﬂecéﬁcvﬁ,a%ﬁ%ﬁb@aﬁte| y 100
m crons in thickness, the substrate 960 being in turn bonded to the

i nterposer layer 970 using thermally conductive adhesive. 15 Chips 980 of
the drive clinrthei embodimenhskewnnthe ¢uhwiddnivetojreuit dieHPE0S70caretamanged 985.

To facjlitat fact f 1 i nt head [
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surface of ghalal trima dsrebasr AhdIcABSY at 1238) deMuicPfliewahdhevespeaiensared t he
drive circuit, other heatgrgeneratl ng conponents of the_drive circuyit) such

as 20 resi sofothe coduity 31083A11¥AYI Gloseal 46 Ahese suaessall Nisohelne Mmanimise hat
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t o transf erthidkhelsBeofethedtrivctae rseparating thetink chakneland theacicbuit, as well adie

al um na substrate and interposer |layer, an alumna plate 995 is nmounted to
the und@r si ke makipgdhe stinctirecton matarial brying 9aadnreraaheeRuRiops t he

al um nium structure 900 at this position, thereby substantially preventing
bow ng of the structure due to thermal expansion. 30 Each feature discl osed
in this speRefdreateds nowhineduet for figurecd Lathichtibea peeipeslivavitw froshtvetop t he
drawi ngs may be incorgor at ed ;og the |nventio ir]dedoenden%IK of ot her

di scl osed a#d Gbavie gsopg: rd vddbeRrinthead with all but one of the modules 40

having been removed to show external and internal details of structure 200
25 more clearly. The structure includes recesses 500 to accommodate drive
circuits 370 and lips 510,520 to retain further circuit boards 530 populated with
those components not suited to incorporation into the drive circuits 370.
Forming rear lip 520 on a separate component 540, as shown in figure 4,
allows these boards to be clamped into place by the action of fastening
30 means, for example screws inserted through holes 240 shown in figure 2 and
engaging with a bar (not shown) residing in channel 550. Preferably the bar
is made of a strong material, such as steel, able to accommodate screw
threads and reinforce aluminium structure 200, particularly against the forces
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apparatus conprising: a fluid chanber having actuator nmeans actuabl e by

el ectrical i to 5 effect ejection of droplets fromthe er)
drive ci rcﬁég%‘las?ﬂs for supplying the electrical signals to f%’lélwgg?/g%?g?
means; and conduit neans for conveying droplet fluid to end frfF ﬁ?gd UfU uid
chanber, said drive Crcuit neans being i§ substantial therml®Co cz ith
10 said conduit nmeans so a to transfer a substantial part of the heat

gener at ed | rgeyserdted whercinstaliing awnd candectimgpthet printhedd. 2. Appar at us
according to Caim1 conprising first conduit neans for supplying dropl et
fluid to said fluid chanber and second conduit neans for f6 |eading dropl et

f1uid from i fluigh COARS lﬁheﬁnﬁfgftﬁg%%ﬂtsbﬁﬁe@% disBdohfed b (HRRFE' "

said drive clrcti't neansS TS connec 0 thé Sseco

means. 20 4.3 MBDrfer ¢BppRCSIpbwed drid aata iRtciHeoprintAbad @no\/%ﬂhqjdfmé Be0ckor ve

circuit is incorporated within an integrated circuit package of '
subst an®l al ISUpRBOdPIWenan data cisuitablyaprocesssee- &9 thengriveceiscuiise370 via

rectangl es ch hayi a rea, a.face other fhen that face having
he. ol | estTESIP aBrMofy® B0 Such Gitinsfiof EkHigits e tCslsBhmriRpe
paral | el to dritewill hettheteforé bl disuddediin furthgpiderar t of the 25 Condui t
closest to sid face, and to be in substantial thermal contact with the

fluid. 30 5. Apparatus according to Caim4, wherein the face having the
greatst surface area is.arranged so as fo lie . paralle|l to the direction of
fluid flow A9 eAB%‘i’P%‘? &?°¥%€’6€%9@‘%’8§eﬁmv’_ {&Fe‘&'g‘b‘? HBCLH*SaI%raBBWFﬁff%&‘% |
suppor yorentek WAeneai i k! HististhedDabouts fie! sitithdet 200Ma8r aCoaRE bgheai d
condui t means. AMENDED SHEET r ' , 3-10-2000 PCT/ G B99/ 03505 2 0 PEAR
2003 12 5 aforemeaticned inkflow diathst dentagenaratebimihes inig chambeastby tiee

d | et ejection, unijt t ed .saj d t d I Si
ol ural ity oBSSRFRPd aeliatiimeens iSalso.Bistisd s mattre A< rasulleny,
row, said aginpepaturBaiferenting that BABL Sviltn Sueeture Z0PBIEsneAll Bhdidb fnng_ a

fluid chanber through a respective nozzle. 8. Apparatus according to aim

7) wherei n givelrisertawignifieantsnieonal foseas andior alistoitiond passageways
comuni §ating with said plurality of fluid chanbers and arranged so as to

convey1 roplet fluid to and fromsaid fluid chanbers in 10 a direction

subst anti al IHowaveH, tieé dversPWErmPREof e prgtheadt d@ity epefatidthaNIdad tdart
of the heat generated during droplet gduectl on to said conveyed dropl et
]

fluid. 9. Agpferential gxpansipnpftibecstueiusg 200hpndsthegbadyinrwhichythe fisid d

droplet 15 t i he or. porti t f.
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arranged so as to convey droplet fluid to or fromsaid ejection units in a

di rect 28n sgbsedntthalprgsent embodiment having fluid chambers formed in a body of
piezoelectric material in accordance with the aforementioned UK application

number 9721555.

As illustrated in figure 5, which is a sectional view taken along a fluid channel
25 of a module 40, channels 11 are formed in a base component 860 of
piezoelectric material so as to define piezoelectric channel walls therebetween.
These walls are subsequently coated with electrodes to form channel wall
actuators as are known e.g. from the aforementioned EP-0-0 277 703, a break
in the electrodes at 810 allowing the channel walls in either half of the channel
30 to be operated independently by means of electrical signals applied via

electrical inputs (flexible circuits 60).

Each channel half is closed along a length 600,610 by respective sections



paral’'lel to said nozzle rows and to transfer a substantial part of the heat
20 generated during droplet ejection to said conveyed droplet fluid. 10.
Appar at us wergidigag to Caim8 or 9, wherein the droplet fl gicg/dipspagRnays
occupy the majority of the cross-sectional area of the support nmember. 25
11. Apparatus according to any of laims 8 to 10, wherein the &rMéReEUUﬂI ui d
passageways conprise respective portion®-for conducting droplet fluid Into
and away fromeach fluid chanber. 30 12. Apparatus according to any of
dains 7 t820,830heafean coler comsporsntt 620 wrrncstupponalsmrefmbmedl sithi desorts n t he
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the flyg d Iprependet to the support nenber in order to substantially avoid
transfer of thermal deformation of the support nenber to said fluid
chanber. 18. Apparatus according to cI aim14 or 15) wherein the attachnent

means conpr. i I Iy : j i f
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Wh }7*<YNC' SndiRft4o the frw(o‘e@ﬁﬁodnmeﬁt@%%&n(ﬁsgﬁe 3 @he%kipporfird Stréctlre D@D
10%& () - OWUYNC! ' & 10969 9%& ()-1& 109%& ()-' & 10%& é )-10L9%$10% j & () -
| 5L9$10%x &f(the printheaddncorporatesdplfiow passages 849820 (eytendmg the width

4109%& 939%.0%& % Y& % & 10 9 & ()-
10 10 10 SiDRehedd. %ﬂ)&%e efgig AQ”CS‘ Retoeaink BiBlieagsrtg 4405 ¢
y' 10% (& ()showrd %t 416 in ‘%Iéﬁ ﬁé%é@&aéé A is drawn off into
10% & () - |_3A'>anI fllo%{ _|#10%(&() s %{&() 1094 & () -
& 10% & () -respéctive ink chambers 925 via aperture 930 formed in structure 900. Having
flowed through the ink chambers, ink exits via apertures 940 and 950 to join

the ink flow along ink outlet passage 910 as indicated at 935.

A flat alumina substrate 960 is mounted to the structure 900 via alumina
10  interposer layer 970. The interposer layer 970 is preferably bonded to the
structure 900 using thermally conductive adhesive, approximately 100 microns
in thickness, the substrate 960 being in turn bonded to the interposer layer 970

using thermally conductive adhesive.

15  Chips 980 of the drive circuit are mounted on a low density flexible circuit
board 985. To facilitate manufacture of the printhead, and reduce costs, the
portions of the circuit board carrying the chips 980 are mounted directly on the
surface of the alumina substrate 960. In order to avoid overheating of the
drive circuit, other heat generating components of the drive circuit, such as

20 resistors 990, are mounted in substantial thermal conduct with that part of the
structure 900 acting as a conduit so as to allow a substantial amount of the
heat generated by these components 990 during their operation to transfer via

the conduit structure to the ink.

25 In addition to the alumina substrate and interposer layer, an alumina plate 995
is mounted to the underside of the structure 900 in order to limit expansion of
the aluminium structure 900 at this position, thereby substantially preventing

bowing of the structure due to thermal expansion.

30 Each feature disclosed in this specification (which term includes the claims)
and/or shown in the drawings may be incorporated in the invention

independently of other disclosed and/or illustrated features.
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2. Apparatus according to Claim 1 comprising first conduit means for
supplying droplet fluld to said fluid chamber and second conduit means for
16  leading dropist fluid from said fluid chamber.

3. Apparatus according to Claim 2, wherein said drive circult means Is
thermally connected to the second conduit means.

20 4, Apparatus according to any previous claim, wherein the drive circuit is
incorporated within an integrated circuit package of substantially cuboid form
In which at least some of the faces are rectangles each having a surface area,
a face other than that face having the smallest surface area being arranged
50 as to lie substantially parallel 1o the direction of fluid fiow in that part of the

25  condult closest to said face, and to be in substantial thermal contact with the
fluid.

5. Apparatus according to Claim 4, wherein the face having the greatast
surface area is arranged so as 1o lie parallel fo the direction of fluid flow.

30
6. Apparatus according to any preceding claim, comprising a support
member for sald fiuld chamber, said support member comprising sald conduit
means.
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8.  Apparatus according to Claim 7, wherein said conduit means comprises
droplet fluid passageways communicating with said plurality of fluid chambers
and arranged so as to convey droplet fluid to and from said fluid chambers in
10  adirection substantially parallei to said nozzle row and to transfer a substantial
part of the heat generated during droplet ejection to sald conveyed droplet
fluid.

9. Apparatus according to Clalm 8, comprising a plurality of said droplet
15  ejection units, the support member supporting the droplet ejection units side

by side in the direction of the nozzle rows. the fluid passageways

communicating with at least two of said ejection units and arranged so as to

convey droplet fluid to or from said ejection units in a direction substantially

parallel to said nozzle rows and to transfer a substantial part of the heat
20 generated during droplet ejection to said conveyed droplet fluid.

10. Apparatus according to Claim 8 or 9, wherein the droplet fiuid
passageways occupy the majority of the cross-sectional area of the support
member.

25
11.  Apparatus according to any of Claims 8 to 10, wherein the droplet fluid
passageways comprise respective portions for conducting droplet fluid into and
away from each fluid chamber.

30 12. Apparatus according to any of Claims 7 to 11, wharein the cross-section

of support member is wider in the direction of the nozzle row than in the
direction of ink ejection from the nozzle row.

AMENDED SHEET




7 U8 () - @& APBBBCAENDC! ' | 910% U& () -7 $10% U& () - F194.0% U& () - Fp%
3'@@?@9‘ $10% U& ()--s! 10% U& () - CcCdCeCf CCCCD~ @' ! : ! 109%0& () - PCItB9/03505
3Y"10%& ()-!~>03Y"10%0e0& ()-3Y"10%& ()- 10 U 10 U 10 U<s! 10 MER 2D
- U8 ()-Dl DDD$F2FF A2~ @' ! S9! 10%08& ()-! T: 10% O 0% () - 3Y& 10%0& ()-@# 0‘/& %)-
110908 ()- ! S 10%008% ()- FF! GyGG HbHdB=~ @' ! $! 10908 () -" & 10%0& () -
| 10908 () - 3#10%0& ()-!10%08 ()- ! 10%0& () - bHHI 9JJJ#KaB~ @' ! 4! 10%0&' () -!
2' 10%008 (331! ypgavatus 6dsHding to anyooflClais(T 10" 12,0nstein -the support

TSI bt oen e g o sl ey s
v R B, . 1D T S it U
ly,
I e et e T
b oyl hle 5% gl el (5FTIo ! booar, memper in ey
TTTNUUVV{ Y&ub&artially vk tiahéfen'al of themusiaieformation of the support member

to sald at least one droplet ejection unit.

10 15, Apparatus according to Claim 6, wherein at least part of sald fluid
chamber Is formed from a first material having a first coefficient of thermal
expansion and said support member is defined at least in part by a second
material having a second coefficient of thermal expansion greater than said
first coefficient, said apparatus comprising means for attaching the fluid

15 chamber to the support member in order to substantially avoid transfer of
thermal deformation of the support member to said fluld chamber.

16.  Apparatus according to Claim 14 or 15, wherein the attachment means
comprises resilient bonding means for bonding the fluid chamber to the

20  support member.

17. Apparatus according to any of Claims 14 to 16, wherein the or each

fluid chamber comprisas a channel formed in a body of piezoelectric material

and closed by a cover member substantially thermally matched to the
25  piezoalectric material.

18.  Apparatus according to Claim 17, wherein ink supply ports are formed
in said cover.

30 19. Apparatus according to Claim 17 or 18, wherein at least one Ink ejection
nozzle is formed in said body of plezoelectric material.
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