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(57) Abstract

. To allow accurate positioning relative to a printer mechanism, a printhead (5) is provided with a reference surface (60) formed on =
rgfer?nee rr}ember (55). Member (S5) is attached to the base (15) of the printhead but positioned with reference to a nozzle (40) of an ink
ejecting unit (10) mounted on the base member. This obviates the need for the base member to be manufactured to narrow tolerances.




nozzles of the printing unit (where a printhead has an array of ink
ej ecting c@gﬁgﬁ(}é,’g the reference surface may be positioned pehathosRt® 2 -
'0.

parti cul ar the first) of the ink ejecting chambers). However, a

tight tolerance on this fixed distance is .necessary if the overall
posi t i oni niMethodof Manufachig of frinting.AppaiatiéS substrate is to be to the
hi gh accuracy required. Manufacturing the printhead to such tight
tolerances may be difficult to achieve, however, and will depend, inter

alia, on the material of the printhead, its formand overall dinensions.

The present invemd presepeltirention velates toanethods of mdntfacture ofeprinting apparatus,
Accordingly, the invention consists a nethod of |locating a reference

surface on M r S5Mbh ApPhratuy S0¢h & Inkidt
havi ng at Ip@@kﬂéﬂ%%%@ﬁﬁﬁ n@égﬁfea%% gﬁgﬂ{r%%ﬂrjltagg on a sﬂt}%port rrenber;”"tkLe
met hod conprjsing, the steps of : positioning the apparatus such that said

printing elrEidRRadSs | ocated at a first predeterm ned position;

Do ref er once. ApRarBiu fon enasip! rapletnaf pleREEne flad P MloiowR; 4s
first and second positions being in a predeterm ned spatial relati onéhi ;
and fi xi ng shown, foefexaemple, ire BR+A®D 278 596 ujpetonging tbelhe pmaeabwnmicanﬁ and
said reference surface in a
incorporated herein by reference), they comprise one or more ink ejecting chambers
from which droplets of ink are ejected, generally via a nozzle, towards a substrate on
which an image is to be printed.

To ensure correct positioning of the printed image on the substrate, it is
necesséry to position the ink ejecting chambers and/or their nozzles accurately relative
to the substrate. This is particularly important where several printheads are used to
print several overiapping images of different colours (normally cyan, magenta, yellow
and black) to provide a full-colour printed image.

Typically, a printer mechanism is employed to hold the substrate relative to a
reference surface on the printhead. The printhead is in turn manufactured such that
the reference surface lies a fixed distance from the ink ejecting chambers and/or their
nozzles of the printing unit (where a printhead has an array of ink ejecting chambers,

* the reference surface may be positioned relative to a particular one {e.g. the first) of
the ink ejecting chambers). Howevér, a tight tolerance on this fixed distance is
necessary if the overall positioning of the printhead relative to the substrate is to be

1o the high accuracy required. Manufacturing the printhead to such tight tolerances

may be difficult to achieve, however, and will depend, inter alia, on the material of the _

printhead, its form and overall dimensions. The present invention seeks to avoid these
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predeterm ned position relative to said printing el enment. "By this

met hod, it W§99/iﬁﬁbb| e to align the printing elenents of a ppi-dgde/n2s19
apparatus wth the reference surface independently of any internediate

pri nt head 8Ffﬁ<hlﬂfié’§.e1 t hereby avoiding any difficulties that nay be
associated wth such an internmediate structure, and any manufacturing

difficulties assqci rewth. . VWere th ri.nting . apparatus is
dropl et depositi c§{)‘§§9&?ﬁ? 'Eﬁ%’ﬂ'%c%ﬂ?@tﬁﬁ @eth‘ffi Pﬁ'Pﬁéﬁ'aQ at'%ée{éBFﬁSU”ace on
‘printing element’ covers not only an ink ejecting chanber in a printhead
but al so th@ PE¥Ne apparales.-ihe appaiatus ppprising @sprinting unit havingeatplesst mne
I nvention also consists in a nmethod of manufacturing a printing apparatus
that i ncl udpsntingelementanadTnbuntedon aisuppertdnemiber; thipaméthoa comprisingithd siips
| east one printing elenent, said at | east one printing el ement conprising

a nozzl e f opf:dse5MicHing theChpEarati ¥Beh | thaf %Hﬁ@gﬁga&‘%m&ﬁdisa’&léwa a first

menber for said droplet ejecting unit; the met onprising the steps
Formi ng a:  PredeteftiBbd BosfibhHodifoning 3 Senrd ieiabey REVRGsgld BicGhesTurzee
o g e R S Sbemg hr b alonmin s pomngs saic
2 first and second positions being in a predetermined spatial relationship; and fixing the
reference member to said support member, thereby to fix said reference surface in a
predetermined position relative to said printing element.
By this method, it is possible to align the pr_inting elements of a printing
- apparatus with the reference surface independently of any intermediate printhead
structure, thereby avoiding any difficulties that may be associated with such an
intermediate structure. and any manufacturing difficulties associated therewith.
Where the printing apparatus is droplet deposition apparatus such as an inkjet
printhead, the term ‘printing element’ covers not only an ink ejecting chamber in a
_printhead but also the respective nozzle, where this is present.
The present invention also consists in a method of manufacturing a printing
apparatus that includes a printing unit comprising a droplet ejection unit having at least
- one printing element, said at least one printing element comprising a nozzle for droplet
ejection formed in a nozzle plate, and a support member for said droplet ejecting unit;
. - the method comprising the steps of: mounting said droplet ejecting unit on said
support member; thereafter forming at least one nozzle in said nozzle plate of the

droplet ejecting unit; and thereafter arranging a reference member such that a

reference surface of said reference member is located at a predetermined position.
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relative to said at | east one nozzle; and fixing the reference nenber to
sai d suppor two U5p9s As before, such a nethod allo Ctlrt?B gges -
of a dropl et dep05|t|on appar at us to be aligned with the reference

surface i nd endent |. i nter L a ri Str her e

avoi di ng. JRAE B teitit dedone haEHR. B Sudid, e A ranc iidrhir o 48" Lbbon
I nternmedi ate structure. Furthernore, since the relative positioning of
nozzl e andnemdrer ence surface only takes place after the droplet ejecting
unit has been nounted on its support nenber, the nounting process need

only be carri edAsBefore, suachamethod allcws)ﬂmond)ules b atdreplet|depiosiidnoapparatus
of the unit and the support nenber rather than to an accuracy appropriate

to the re't%tbé%{)gﬁéé‘wmr\%fre?en%ﬂéé's%rﬁi:eqﬁdépéfmbrﬁlyf@ﬁ&ﬁyeﬁﬁérmeéiat ngﬁﬁtlﬂiad
t he support ne he above nethod may require the assenbly of

Lﬁﬁngéﬁptﬁémﬁ*&ulﬁ% R AR PR a‘t'%ﬁéﬁg o REIREH Wi R,
I S advant ageous hi gn ener sSucn,as a, |l ase

i roct ed aRtaTElatessHuCSR, KuBReImorR SBSe eoratve Rolionds df faegisand
the nozzle plate fromwhich droplet ejection takes place. Such a techni que
i s di scl osraference swigkelody takes pacy affen thet dropletesjeating it kas beandnounted
i ncor porated herein by r ef er ence. Furt her advant ageous
enbodi menten @tk supportiembes, the mowsingprocess heed only be carried out to an accuracy
appropriate to the relative location of the unit and the support member rather than to
an accuracy appropriate to the relative location of a nozzle_ of unit and a reference
surface of the support member.
The above method may xjequire the assembly of the droplet ejecting unit to be
- substantially complete before it is mounted on the support member, in which case the
formation of the nozzles is advantageously achieved by means of a high energy beam
- such as a laser directed at the outside surface of the nozzle plate i.e. that surface of
the nozzle plate from which dro-plet éjection takes place. Such a technique is disclosed
in W093/15911, belonging to the preseni applicant and incorporated herein by
reference.
Further advantageous embodiments of the invention are set out in the
“: dependent claims and description that follows.
The invention will now be described by way of example by reference to the
it + following figures, of which:
‘Figure 1 is a perspective view of a printhead manu_factured according to the

present invention;

Figure 2 is an enlarged view of the front end of the printhead of figure 1;



dependent clains and description that foll ows. The invention will

now be desc Yo Way of exanple by reference to the foll es, -
of whi ch: I@‘ggér;e‘ﬁl is a perspective view of a pr| nt head manu ng?ée/%ﬁﬁ

according to the _present invention; gure 2 is an énlarged view
of the front end Rgurend |§,a segtional wiew ﬂ'ggugh Ihe front end of the pnnthead of figure 1
3 Figure 3 is a sectional view through the front end of the
pri nt head oftakemyin thelY-Zaplanej n t he Y-Z pl ane; Figure 4 is a
schematic view showi ng an alternative arrangenent of printheads

manuf act ured acc qflgd.lféh i9alsBReMaBE Vw SRY®IHG &R alternative arfarij&ent dfsprﬁﬂheads

enl arged vi ew of e front end of the printhead of figure 1 with

Channel & of TAGTRKE e aceordng o HE Brebent et sect ! ong 1L Ev .hé"ggh

detail ed sectional view of the front, end of the ink jecti n%i_1
Figure 5 is an enlarged view of the front end o the prin

o? ﬁgure 1 with
the nozzle plate removed;

Figure 6 is a cross-sectional view through channels of the ink ejecting units of
figure 1;

Figure 7 is a detailed sectional view of the front end of the ink ejecting units of
figure 1 taken parallel to the ink channel axis D;

Figure 8 is a sectional view of the front end of the printhead of figure 1 taken
parallel to the ink channel axis D; |

" Figure 9 is a sectional view of the front end of the printhead of figure 1
according to another embodiment;
| Figure 10 is a sectional view of the front end of an ink ejec;ting unit according
to yet another embodiment.

Figure 1 depicts an inkjet printheaa 5 manufactured according to the present
invention and comprising an ink ejection unit or units 10 mounted at one end of a
base member 15. Base member 15 may be made of a thermally'condl'Jctive material
such as aluminium so as to carry away heat generated both in the ink ejection units
and in printhead driving circuitry mounted on circuit board 20. Driving signéls are
conveyed from one end of the circuit board to the ink ejection units, for example by
wire _bdrids 25, whilst print data and power arrive at the other end of the circuit board
via connector 30.

As shown, four manifolds 35 supply ink of four different colours (generally cyan,



figure 1 taken parallel to the ink channel axis D Figure 8 is a
secti onal he front end of the printhead of figure 1 - -
pﬁr a:clel t wﬁ%ﬁ%@ channel axis D Figure 9 is a sec{’%”/\%séav of
the front end of the prin hea of fi accordln not h

enbodi memagenta, yellow; g 56 ite Taut deighinure T sEthE P Sthoveh these
I nk ejecting unit accordl ng to yet another enbodinme Jb
depi ct s ananifdiiscopid eqhallydwsll Isupmyathemeﬁnemi@wmkgmt%l 'ﬂ‘?eeJﬁF"é%’éHg'ts or be

i nvention and conprising an ink ejection unit or units 10 nounted at one

end of arohRERdEYRESIngfe inRasmNifold ks Explaiyed derediten fregistiationaetyveen the
conductlve materi‘al such as alumniumso as to carry away heat generated

both in th%bg*}dﬁztg.%téﬂﬁaréﬂ?'lﬁﬁ ejeet nivhitars Hdhtarkdle! TQV'bivgfo@rin'irfgdaﬂ foumobits fd

on circui 'Vl ng SI s are conveyed fromone end of the

Wi 15t prd FGR GRS ”kw‘ﬁ@epﬁ?@gsgﬁé e %%nﬁ#@‘ﬂt%e?*‘méﬁ%fﬁ??ﬁ. 8% e

via connector 30. hown, four manifql ds

di f f er entejectiaruuBits gertyrmeays(pj@mar (not shown) that S|ts in re%es\s/es %% and W%lCh in

) turn is secured — e.g. by means of bolts - to chassis 15. These features are known
in the art, e.g. from WO97/04963 belonging‘to the applicant and incorporated herein
by reference, and consequently do not requiré discussion in any further detail. Ink
ejection takes place from a line of nozzles 40 formed in a nozzle plate 45, with each
nozzle communicating with a respective ink—ejecting chamber of the ink ejecting unit
10.

Base 15 is formed on its Iower_ surface with. a groove 50 in which a |"0d 55 is
located so as to protrude from one side of the base as illustrated in figure 1. The end
surface 60 of rod 55 serves as a reference surface / datum face, registering with
another datum on a printhead .support structure (not shown) so as to ensure the
correct positioning in the nozzle array (X) direction of the printhead within that support
strdcture. This in tun requirés that the reference surface to lie perpendicular to the
nozzle array direction and, where the reference member is prisméﬁc having a prism
axis, that this axis lies parallel to the nozzle array directioh

in pa&icular, rod 55 allowé the ink ejecting nozzles to be correctly located within

" the printhead support structure which in turn ensures the correct positioning in the X-
direction of the ink droplets ejected from the nozzlés on the substrate to be printed
(obviously, any variation from printhead to printhead in the positioning of the printed

image on the substrate is undesirable).



magenta, yellow and bl ack) to four neighbouring ink ejection units,

al t hough t I folds could equally well supply the sane | ' to -
all ink ejec i%g/r%gﬁlgi ts or be repl aced by a single ink nmani fﬁ%’%’&a

expl ai ned her fter i stration diff

Tk 6] ot on uiEds achiiadkariiordig 10,8 rptorgnGrTReR s Eme A I TR
base nenber. I\/anl foI ds 35 are cl anped in seali n% contact with the ink
ej ection tbaunrmtneacbﬁ mgﬂwrwtratnmroq A5tloeatedm) buh Aot seeudredh- i @sae 50ds
and which in turn is secured - e.g. by nmeans of bolts - to chassis 15.

These f egilaces imeejid Goomnshown)t ed diné first. rpzze 65 MABIE/ 4 68 riozziesgdd @lignetine
applicant and incorporated herein by reference, and consequently do not

require diggasts Qfe?éb(cé Blna€7o. cteéﬁ' 'the |-6H<55% @ﬁéwwar@igeﬁqeo]i;ﬁf&efé@aba

oy
| i ne of nozzles ornmed 1 h a nozzle plate 45, each "nozz

i1 100! An"shd g8ed SORRib '3 etk ﬁher%%reﬁséeu? Sreaceeipeifindhedystia

in WhICh arod 55 is located so as to protrude from one sjde of the base
as il | ustrefarence plang byea fixedlistange A uthesed 69 subseqdensly iampyablyssecured
reference surface / datumface, registering with another datumon a

pri nt headnsthepgraovs ramdt thee printheachoempved fismt thes fjigur Wheime the rintbhead s
posi tioni ng in the nozzle array (X) direction of the printhead within that

support qhamr] mburited (h & priftHe@sufort Mctb?é’»‘ué:ﬂb%@@&uw théesek Bahi ©
per pendicular to t
be certain that the first nozzle_65 — and hence the whole nozzle array 40 - of the
printhead will be positioned a fixed distance relative to the support structure.

It will be appreciated that in practice, the first jig reference plane 70 will .
generally be defined by the cross-hairs of a microscope whilst the 'second jig
referencé plane will be defined by an abutment for the end of the rod 55. Although
-alignmen't with the nozzle 65 at thé end of the nozzle row 40 is shown in the example
of figure 2, alignme'nt may be sought with nozzles located elsewhere in the row 40.
Furthermore, some other feature having a position related to that of the nozzle - e.g.
‘the ink channel located behind the nozzle and visible from the front of the printhead
through the translucent material of the nozzle plate — may be used in the alignment
prccess in place of th.e nozzle.

Befitting its reference function, rod 55 is preferably of a material having a low

- coefficient of expansion, for example quartz or a ceramic such as alumina. In the
""example shown, the rod is of 2mm diam.eter and protrudes approximately 1mm from

" the side of the body 15. Groove 50 is ideally located as near as possible to the plane

of the nozzle plate so as to minimize errors due to expansion of the printhead base

15.



nozzle array direction and, where the reference nenber is prismatic having
a prism axis, that this axis lies parallel to the nozzle arra di'rection
I n partlcul‘%i999’i‘ﬂa955 al l ows the ink ejecting nozzles to be &orYEBI¥QRS519

| ocated within _the printhead support struct n res the
correct positiofigHe3is aa eplarag F@Gf'?%ﬁh@ugh@e%m@%cﬁr@;?ﬁ#‘f éﬁ‘ qf figire
the nozzles on the substrate to be printed (obviously, varlatlon from
printhead tidajsen mommalito the hezzle artayodirenfiast XtAMQQH&ﬁMjC éﬁa’@@ aahesive used
substrate i s undesirable). 5

This is acks & mcssinﬁ@ grodVie S0t Advhrithestislg) eeissadiessivecisl tyosen to be
figure 2. the printhead 5 together with the rod 55 | ocated - but not

secured - HMBHGRYE, ggfe;e\g)sc%abrégne il hatbAal G0heoRiaelPRCHdYRr o' 56 radiBRLA

65 in the row o st jlg referencepane

Next, the rod 55..is ved a ve S0, as.. n

a second JignPB'F"é'F‘Sn pﬁ‘éﬂ@?g“' ﬁé% Whep I tlhﬁe"g th% Qiggﬁcéﬁ'btwg%g
by a fixed distance A. The rod is subsequently |mmvabl¥ secured in

groove andcofrectly ipesitinned; omevend fof shetrrd ¢ary beygxposak Q)N\ﬁtllgé‘&dwh'?% ls then
subsequently nounted in a printhead support structure using this datum the

user can transmitted along the rod and to the adhesive, which promptly cures, fixing the rod in
position. The adhesive can, of course, fill the entire depfh of groove 50.

As an alternative, a thermally-deformable material such as a thermoplastic
material or a so-called “Woods Metal” can be used: the latter are low meiting point
(typically 60 °C) metals that can be kept liquid by means of a modest heat source until

- the rod is correctly positioned. Removal of the heat source then allows the metal to
solidify, fixing the rod in place. The cooling of a thermoplastic material would have a
similar fixing effect. However, methods - including c_:onventional room-temperature

- curing adhesives ~ that avoid possible errors due to thermal expansion of the
printhead (particular the aluminium base 15) are to be preferred.

The base of a second printhead, mounted in a so-—called “back-to-back”
relationship to the firsf printhead 5, is shown hatched at 110. Preferably, this second

- printhead also has its own datum rod, allowing the nqzzles of both printheads to be
“accurately positioned relative to one another. In particular, the location of the datum

- rod in the second printhead can be chosen such that when assembled together, the

- nozzles of the second printhead are interleaved with those of the first printhead so as
+--- to give double printing resolution.

It will be appreciated that the above arrangement is given only by way of

example and is not intended to restrict the scope of the present invention. The

7



be certain that the first nozzle 65 - and hence the whol e nozzle array 40 -

of the pri Mﬁglﬁ |1 be positioned a fixed distance rel ati ‘%41835&2@819

support str It will be appreciated that in practice,

(175t 119 pe{Sheig.ah Yiindfh /berats Tidhblr NEelHor e Yol e Rl

of a m croscope e secon erence plane wl

an abutment foyp .the end of t rod,55. Al thgugh, . alignment with the nozzle
55 at t he QARP BiMaVRdS R, Benealhar FOHS tat BiRTERY bEse HAEPLer ih Ordef taesiuce
alignment may be sought with nozzles | ocated el sewhere in the row 40.

Fur t her nor errorsodie o expansian af dhe dasegthe eferanaenmesnberds preferably sécured to
nozzle - e.g. the ink channel |ocated behind the nozzle and visible from

the front bk hidse p5iovehthelsainerlength &4 és theimkl ejectiig umite10, ddealfy tohthateggion
plate - may be used in the alignnment process in place of the nozzle.

Befitti ”geﬂf)ﬁtﬁeftﬁ-{s"er Ii?@%l&é!é‘&?tb% P&Qﬂe%‘?ré 46! ﬁB%@EP,ydééfi%ﬁcﬁﬁéﬁbi'éﬂ%&a?ﬁwg

a low coefficient expansi on, for exanple quartz or a teramc such as
o ol BFHE At ngb sBiued ) o BB T e e
| ocated as near as_possible to the plane of the nozzle plate so as to
m ni ni ze ePPhgadyEurtaer iharyldbeonotedcthat whilst the mferencefdatum surface of the
° examples lies outside the spatial envelope of the printing unit and support member of
the printhead, this need not be the case and that arrangements whereby the reference
- surface is located e.g. within the support member can be envisaged.

Various methods of securing the datum element, including conventional rcom-
temperature curing adhesives and UV-initiated adhesives, may be employed. The
techniqie can of course also be used to locate the printhead in other difections,
particularly to ensure a conétaht nozzle plate to substrate distance (direction Z in
figure 1) and may be used at more than one location on a printhead.

Figure 4 is a schematic front view (in the X direction) of several printheads 5
arranged in a butted, side-by-side relationship. Each printhead has an array of
nozzlés 40 and reference rods 80a, 80b on the left and right-hand side of each
printhead respecti?ely. Rod 80a is aligned in accordance with the present invention

- S0 as to be a predetermined distance from the furthest—left nozzle in array 40 whilst
" rod 80b is similarly al'ign'ed to be a predetermined distance from the furthest-right
nozzie in array 40. it will be appreciated that such an arrangement allows the
separation N of the adjacent nozzies of néighbouring printheads to be accurately

controlled. Rods 80a, 80b are preferably joined together directly by a rigid bond 90

 (e.q. epoxy adhesive) ‘rather than via the printhead base so as to avoid errors due to

8



Figure 3 is an enlarged section through the front end of the printhead of

figure 1 tQkRR gLl to the nozzle array direction X At 1()&#’ bilAisat ed -
t he adhesi ve use to bond rod 55 into groove 50. Advant ageous /?'B?ﬂlﬁass(i&

adhesive i g.C | atd able and the material of
the rod ittz'gl %%‘g&cﬁggﬁg' g%@%!’éﬁéggxl?gﬁ?g%set Eegﬁl'tti ng (e.g. quartz) such
that when in the jig and with the rod gand printhead correctly .pqgsitioned,
one end of t he ABHOHGA e PIASHR SivarBons o Hmiad (rAmE PRRGHaR KiBg GtiRrFoRg -
along the rod and to the adhesive, which pronptly cures, fixing the rod in
position. padictldtysnigiet caapparatus,ihe @rrangementadasceribed hieyay off exgroplecabove

As an alternative, a thermally-deformable material such as a thernoplastic

materi al oan@ shownahlfiglire Bowitls thé hakzzleqRatdoreriost iriddepbratiésandnk di@oting unit
melting point (typically 60 [err]C) nmetals that can be kept liquid by

means of O?ﬁg‘ﬁﬁiﬁ 8Rbas HYdeCwHIT 'cltuatBFéte. h'ﬁagr'éé[ glﬁﬁ)v&se %%{:tli’%{i@ ?ét?ﬂ)%gae?% ink

Renpval eat source then allows ) ( U
fixing of {aeEtnaaESeld e hedine of ffsikeie. Shodhers 105 hete: Srper Be
curing adhesives - that avoid possible errors due to thermal expansion of
the pri ntdisslgseddn the gferemeantionrd WRIATV4RE6% ol i) ER-A-b364 186(alsq belonging
The base of a second printhead, nounted in a so-called "back-to-back"
to the applicant and incorporated herein by reference) and comprise ink—ejecting
channeis 105 having a longitudinal axis D and defined by actuator side walls 200 of
poled piezoelectric material such as lead zirconium titanate (PZT). By means of
‘electrodes 210 arranged in or on the walls, an electric field is applied to the
piezoelectric material and normal to the direction P of polarisation thereof so as to
- cause the walls to deflect by sheér.mode into the ink channel (as indicated py broken
~ lines in figure 6) thereby to eject a droplet from a respective nozzle. For ease of
" manufacture, the entire iﬁk ejecting unit comprising channel walls 200, base 205 and
cover 215 may be made of piezoelectric material (the material of the cover need not
be poled). Furthermore, several channel groups for ejecting several different colours
of ink may be formed In a single base 205 ~ registration between channels of different
- channel groups is thereby guaranteed.
The nozzle plate is arranged at one end of the channels 105 (in the plane of
-~ the paper in figure 3a) and is in sealing contact with the end of the ink ejecting unit,
7=~ namely channel walls 200, base 205 and cover 210.
-Figure 7 shows an example of a nozzle plate / printhead body adhesive bond -

220 prior to nozzle formation, the axis of the ink channel 105 being indicated by arrow

D. The rear of the nozzle plate is scalloped as described in W0O95/11131 (belonging

9



relationship to the first printhead 5, is shown hatched at 110. Preferably,

this secondwgédqpipead al so has its own datumrod, allow ng t of -
both printheads to be accurately positioned relative to one l;}ﬁl(‘)/{gﬁgs:’#ﬁﬁgn

particul ar, ,t cat | m_rod, in the second i nthead can be
chosen such'@ ﬂ%t L\%{%&* %g g @%ﬁ‘@f@éﬁﬁ%ﬁ?ﬂ hgrelrﬁgm Zrleg%regfzgf ﬁgdg’@éogr&oves 225
printhead are interleaved, with those of the first printhead so as to give
doubl e pri nfarmpd @pgve: ansh below the chaqpels 9. agpprERedatejexsrss ghe shat snight
arrangenment is given only by way of exanple and is not intended to
restrict thetrerwise séep into andsabstruchttenchamnel$themselves. Further grooves 230 may
7 novabl e datum el enent / reference nenber need not have rod shaped

form nor  greDd forfistPat theJuhcttANERthE Miz20é bikte Wittethy idﬁtmﬁoﬁéﬁfﬁtérfaces of

However, in order to reduce errors due to expansion of the base,

f ' D ‘ I t
s 15 the i R 2LE ARG 20Y RRERY. Bckaf v coliirkdR 888 el
I tt he I 0.. Ho desi | derat i di ct at
a onal | or risusilefa BB BER it ¥ESaethendheorzaly Bty Tokalarie it baed.

printhead. Further, it should be noted that whilst the reference/datum
surface of the FElguipl 8Js|aseciaonsl view ishowingithe bozzeoplatefsupperpil 6t which

unit and support menber of
~surrounds the ink ejecting unit 10 and comprises first and second members 300,305.

The reference member (rod 55) of the present invention has been omitted for clarity
First member 300 has a front face 320 to which the nozzle plate 45 is bonded
(for example using the adhesive bonding techniques outlined in the aforementioned
WO0895/11131). It has been founq that excess adhesive may collect as a meniscus
along the line of interséction between the inner surface of the aperture 1 15 with the
nozzle plate 45. To avoid interference between this meniscus and the front of the ink
ejecting unit 10, aperture 115 may be made wider as indicated by dashed lines 340,
with the aperture 350 in the second member 305 remaining a tight clearance fit on the
ink ejecting unit 10 so as to aid location of the printhead within the second member.
The nozzle plate 45 also extends both above and below the ink ejecting unit
10 so as to provide a large peripheral region (reference number 50 in figure 1) against
which the cap of a conventional printhead maintenance device can seal. To this end,
the front face 3éo of the first member is made flat to within 10um, this value having
been found by the present inventors as being necessary to ensure good séaling with
" a cap. Materials suitable for the first member include ceramics, which are easily
machined — for example by lapping - to the required flatness.

Preferably, the material of the first member has a thermal expansion coefficient

10



the printhead, this need not be the case and that arrangenents whereby the

ref erence Is |ocated e.g. within the support nenber
envi saged. aJﬂi!tp?li\’fl‘@ari ous met hods of securing the datum el eme{r;l ,l [ n?:/%%?ng

conventional_.rogm, . te rature cufi hesj ves and , UV-initiated '
adhesi ves, ﬁﬁ%@'ﬁpﬁ‘%ﬁ@%#“@%@@ﬂ&?%ﬁ@9 Weowaé%rdﬁ‘qvﬁ tBPSRT intbead &hedys were

| ocate the printhead in other directions, particularly to ensure a

const ant no#isNal|theccass, Sifigrenses initbe ameuntpf thermal expansion gpetweeh thadink
may be used at nore than one |ocation on a printhead. Figure 4 is a

schemati ¢ f epputingiunit 10 and firsstihetnber800 Would lexri/ 0 stresidsh iRaGINBUPBbHBAPEAM
In a butted, side-by-side relationship. Each printhead has an array of -

nozzies 40 gpd JitheRReR BIaEks 48 Ying BitweEn the thetheristrs] WHerb28d i e phlsent

each printhead respectively. s aligned in accordance W

Furthest -1 opreimle, 68, iiuthPad By TR Fhabe 5 B s 5 B 1 riyo0ls Bterisls may

o 1 SR e LRkl i closenbting Triashsnonetin o

t he adj acent nozzl es of nei ghbouring printheads to be accurately

control | ed. oRthit S T.80b are preferably joined together directly by a

rigid bond 90 (e.g. epoxy adhesive) rather than via the printhead base so

as to avoid erropfthdughtsuch materials are by themselves brittle and easily Sbroken, the
assembly of first member 300 attached — for example by means of an adhesive layer
330 - to a second support member 305 of a tougher material has proved robust.
Again, this tougher material preferably has a T, substantially matched to that of the
. first member. Aluminium, in particular, meets this criterion and furthermore is easily
manufactured to the required dimensions (as shown in figure 2, the height H1 of the
ink ejecting unit 10 is typically 2mm, the héight and width H2,W of the nozzle plate
support typically 10mm and 100mm respectively.

Expressed in broad terms, the droplet ejection apparatus described above
comprises at least one chamber formed in a body and communicating with droplet
liquid supply means and with a respective noizle formed in a separate nozzle plate;
electrically actuable means for imparting pressure pulses to droplet liquid in the
chamber to effect ejection of droplets from the nozzle; wherein the outlet of each

;- respective nozzle is formed in a first surface of the nozzle plate having a first area,
- the nozzle plate and body being in sealing contact with one anather over a second
area smaller than the first area; and wherein the apparatus further comprises support

'~ means for supporting the periphery of the nozzle plate and comprising a first member

- having a surface that is fiat to within 10pum and to which the nozzle plate is attached,

11



the greater thermal expansion of the base material. Al t hough the

present | nv&,&td @Hﬁ hS not limted to any particul ar kind of pﬂ(ﬁ%ﬁﬁmsw
particularly™n - apparatus, the arrangenment described by Wa 1[

exanpl e above and shovvn in figure 5 with }he nozzl e plate rem)ved

i ncor por at& &rsecoRdInember ol supportingsaid first/eemMbefar node wal | act uators.
Figure 6 shows sectional detail of these ink ejecting units 10 and the
line of ink-ejeSuth@ coastiueton alowsHbecnezale qilatento lienguppiored dyed mateea
af orenenti oned W)97/04963 or in EP-A-0 364 136 (also belonging to the

appl i cant @pgferaisigrapoerimic siheas aluming) ehanesan eatly bemachinddio tHee flatntss
channel s 105 having a | ongitudinal axis D-and defined by actuator side

wal |5 200 @lhyirdg] GG GRAPNBTHS iohEithesd éﬂtgé%sﬂ%c{ﬁﬁ‘&g@ LEBBRIrYd 138N

(PZT). By means el ectro 10 arranged in or on t

fieldis lied t the ctric,material, an or to the, di ectlon
P of pol ar b eRNHEREAET 4BA0E of 5 tobEheE e TakAUD 25 Aipirtdp. Bpbls

node into the ink channel (as indicated by broken lines in figure 6)
thereby toedpised 1@ witbgtaed theoferees ta wiieh wepriothead. might keisxpersed during its

manuf acture, the entire ink ejecting unit conprising channel walls 200,
base 205 difetimepireparfittlamityosecgersstatarf dyrirey engagément/diseagagenidritef amsealingl
of the cover need not be poled). Furthernore, several channel groups for
ej ecting sguefram the hezABplgtel ours
One preferred method of assembly is as follows: nozzle plate support 110 is
assembled from thg first and _second' members 300, -305; nozzle plate 45 is attached
to the ndzzle plate support; adhesive is applied to the end face of ink ejection unit 10;
nozzle plate support 110 is slid over the end of ink ejection unit 10 and the nozzle
plate 45 is bonded to the end face of the ink ejection unit 10; support 110 is ,a‘ttached
" at its rear face 315 to the base 15 and, optionally, to the manifold 35 by 6omp|iant
bonds 310. Preferably, the compliant bonds hold the nozzle plate pressed against
front of the nozzle plate, causing the nozzle plate to bow out slightly.
Figure 9 illustrates an alternative embodiment of the nozzle plate support of
figure 8 in which aperture 350 is increased in height. This allows a temperature sensor
360 to be mounted at the front of the printhead and allows the chassis 15 to extend
"~ nearly to the front of the prinfhead, thereby facilitating the conduction of heat away
- from this area. Figure 9 also shows a circuit board comprised of primary and
~  secondary boards 20A, 20B electrically connected to one another and to the printhead
10 by means e.g. of wire bonds 370. Secondary circuit board 208 may be formed with

conductive tracks spaced at an especially narrow pitch suited to connection to an

integrated circuit 380 and/or the electrodes 210 of individual printhead channels 105

12



of ink may be fornmed in a single base 205 - registration between channels
of different channel groups is thereby guaranteed. The nozzl e glate -
i s arrangedW998t%nd of the channels 105 (in the plane of FPRYGBIFEPSIP,
figure 3a) and is in sealing contact with the end of the ink ejecting unit,
namel y chabuélinamprbpriatﬁ)foma'!ee remaining, lesger-seale componeris (efr they dsivewsireuit.
exanpl e of a nozzle plate / printhead body adhesive bond 220 prior to

nozzl e for makkeant be notrted bntprimankcirhidnbeard120A hehic, bechuse itls formed with
D. The rear of the nozzle plate is scalloped as described in WX5/11131

(bel onging Sdeuct{'veatr(;%cks at a larger pitch, is less %>§Pern§ive to ﬁu%nufa%}uhe.t%éﬂ"'é two-part

present ap can I ncor po erein ef erence) an as grooves
fornmed above and bel g}v#he.c.hann%s to aﬁ ommndat e xcesshg ue that m ght
ot herwi se SF@RoPMENtfigPs FupiMice the coshg ang PV ESVRG t her grooves
230 may also be fornmed at the junction of the nozzle gl ate with the to

: ! p
" and bot t om sur f 4 @sfusther eskodimentdhg nnazie piate 45 mav be dopdedyipdbe front face

adhesive collecting in these channels fornms fillets 235 which further

st r engt hen 3p0efrthe first pleatber/300npriar; tecatiaching the horzle plate to theFinkuesjectng sinit -

‘sectional view show ng the nozzle plate support 110 which

' 10. This first step is carried out at a temperature that is significantly (approximately
40°C) higher than the temperature which the nozzle plate will reach during printhead
oberation (typically 50°C) such that, once the nozzle plate has bonded to the first
member (generally a heat curing epoxy such as Epotek or Hi-Sol is used) and the
assembly has been allowéd to cool, the nozzle plate is held taut over the aperture

- (115, figure 2) in the first member.

This effect does, of course, rely on the T of the nozzle plate material being
greater than that of nozzle plate support such that the nozzle plate will shrink more
on cooling than will the surrounding support and thereby be stretched like a drum skin
over the support. T values for the nozzle plate materials of polyimide, polycarbonate,
polyester, polyetheretherketone and the like mentioned above lie in the range 20 - 50
x 107%/°C.

The stretched, tensioned nozzle plate 45 can subsequently be placed in sealing

~* contact with the ink-ejecting channels 105 and the surrounding printhead body,
preferably using an adhesive that cures at the nozzle plate operating temperature
" and/or has low shrinkage on curing and/or is elastic so as to avoid further distortion
of the nozzle plate. Note that this step can generally be carried out at ambient working

temperature - no problems have been encountered due to differentials between this .

and the nozzle plate operating temperature.
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surrounds the ink ejecting unit 10 and conprises first and second nenbers
300, 305. The reference nenber (rod 55) of the present inventlj%gfg%z\?\g‘en -
omtted forwaggflf'{? First menber 300 has a front face 0 I ch
the -nozzle plate 45 is bonded (for exanple using the adhesive bondi ng

t echni ques out | i rieXpreased dn diroadrienmnsotkel dropies/ejecation apparaiys dessritfasliind the
t hat excess adhesive may collect as a neniscus along the Iine of

i nt er sect i ofukémerbddiraentabove wohsrisesf art Eeraywof thambkts fofrhbdtinea boelyzhsd
plate 45. To avoid interference between this neniscus and the front of the

ink ejecti 2% 5 rémg?%&%rérlﬁ o l&%&SHﬁnUﬁﬂﬁtig\%Wh a%esd 't%t@i-‘aﬁ;’ﬁf nozzles

dashed |ine the aperture In the cond nenber 305 renal ni ng

a tight clegrance.fit _on the ink ejecti nit 1 as to ai ocat.jon o
Che ori nt hedBIF it A Sovrelcsirie oy a8 chambat Quffie? Sornfy gt fitb ltoBlet
extends both above and bel ow the ink ejecting unit 10 so as to provide a

| ar ge per i pHigtid supRlY sReanssthe apparaiusietherocomprisipgraleatyicalby paliiablemeaans for
the cap of a conventional printhead nmai ntenance device can seal. To this
end, the frhimpartrarpuld2s tofdroplet fiquisk innthebehamberstte effeett ejection tdfidroplets from
10[err]m this value having been found by the present inventors as being

necessary tqegpadstive B82feSewhbRdn that'poridteef tNEnBEEZR Blateiih abhithf Sdidtdleay of
first nmenber include ceramcs, which are easily machined - for exanple by

PP e S Sty B Ml 22 v o
10

when the apparatus is at its operating temperature. Such a construction results in a
nozzie plate that is held taut (like a drum skin) over the array of chamber outlets and
which is consequently uniformly flat over the length of the array. This in turn increases
the likelihood of the nozzles formed in the nozzle plate being of a uniform quality.
-~ It will be appreciated that some allowance for thermal expansion will have to
be made in the choice of material for the first and second members 300,305 and/or
in the nature of the bond 330 between them.
Indeed, where the flatness of the periphery of the nozzle plate is not an issue -
for example in a printhead where no capping is required — it may be desirable to
make the nozzle plate support of a single material as shown in figure 10. As a
material having a T, that is less than that .of the material of the nozzle plate 45 and
- yet matched to the PZT of the ink ejecting unit 10, INVAR (an iron/nickel alloy) has
* proved suitable. Alternatively, if. the strength of the support is not critical, alumina may
also be used, either as a single element or as the first and second members of a
' sandwich nozzle plate support construction as shown in figures 8 and 9.
Releasable (e.g. hot melt) adhesives may be used to attached such a support .

to the ink ejection unit so as to allow the support / nozzle plate assembly to be
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(T[err]) that is substantially matched to that of the material of the
printhead body: were this not the case, differences in the

t hermal exW@®18W%etween the ink ejecting unit 10 and fi rsé“ékbrr%weisé%o
woul d | ead to stresses . in that éunsu ported) part 325 of the nozzle plate

45 |ying beepasadishoulddesianp no;&ﬂ reandg ciyrei pravprassieeessidhnpl e, the
printhead body is made of PZT (T[err] = 3x10[err]), suitable materials may

i ncl ude al unmi na, Whiist thesereseatinventiars has beea dﬁmibed withy refgrerjce o] pieaoelestric
lying wwthin 3% of that of PZT. Al t hough such materials are by

thensel ves j c}bi bhﬁtrféaaseﬁsshomarWaﬁdeidwod apaeis ¥s 0F way It seimple aﬁ@ The

attached - r exarrp e y means of an adhesive layer 330 - to a secon
support me 0%% etk st _
t ougher q&%rg pre %éba err sﬂa‘ l“églp{ﬂ@ rratc!:heﬁg ﬂ'tq]{t{%!rﬁ}al
the first nmenber m rtlclar s thi riterion
furt hor rror @ndooties Higds eﬁmﬂ R0 inting er'emﬁnft%cr inclciag sherpaL fahsten ard
figure 2, the height HL of the ink ejecting unit 10 is typl cally 2mm the
hei ght and wireldot peiptingfelementsozzl e pl ate support typically 10mm and 100mm
respectively. Expressed in broad terns, the droplet ejection
apparatus descriTiesl teRp\wsf the abstract filed herewith is repeated here as part of the
specification:
To allow accurate positioning relative to a printer mechanism, a printhead 5 is
provided with a reference surface 60 formed on a reference member 55. Member 55
is attached to the base 15 of the printhead but positioned with reference to a nozzle

40 of an ink ejecting unit 10 mounted on the base member. This obviates the need

for the base member to be manufactured to narrow tolerances.
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conprises at |east one chanber forned in a body and communicating with

droplet liquid supply neans and with a respective nozzle fo | -
separate no¥QP¥WAte; electrically actuable means for i npa?ﬁ&;digglpgsslgure

pul ses to droplet liquid in the Hmnﬂﬁﬂmn“mu ej ection of droplets
from the @lgimSe; wherein the outl Emctive nozzle is formed in
a first surface of the nozzle platé havilng"a first area, the nozzle plate
and body being in sealing contact with one another over a second area
smaller than the first area; and wherein the apparatus further conprises

support  qreanspfdthod oPisudtingd tdferameel surface of a printing appanatias,eharapparatus
conprising a first nmenber. having a surface that is flat to within

10[err]m and t.Q. whi Glh. - ' t ardthouriteéd Wil a
menber foF°'5B§§%\\ﬁ??%}"{§§f§dG@fﬁ?? myeﬁggerds‘t’ dHé %ﬁhﬁg%cedergegonst ruction allows
the nozzle plate to be supported by a material (preferably a ceram c such
as al um nﬁB‘Pﬁ%ﬁ"%‘Hheéasi |y be machined to the  flatness required, whil st
ensuring the robustness of the construction by supporting this material by
a second nenmbethermathod comprisingtherglepsiafl such as al uni nium Robustness is
required to withstand the forces to which a printhead m ght be exposed
during its |ipesitiohing thepapparatiisasuctn tisat saideprirtieng elemerny is located at a first
engagenent / di sengagenent of a sealing

predetermined position;

positioning a reference member ha;ving said reference surface such that said
reference surface is located at a second predetermined position;

said first and second positions being in a predetérmined spatial relationship;

and fixing the reference membér to said support member, thereby to fix said

reference surface in a predetermined position relative to said printing element.

2. . Method according to claim 1 and wherein said printing element is a droplet

ejecting element.

3. Method according to claim 2 and wherein said droplet ejecting element is a
nozzle.
4. Method of manufacturing a printing apparatus, the apparatus inciuding a

printing unit comprising a droplet ejection unit having at least one printin_g element,
said at least one printing element comprising a nozzle for droplet ejection formed in
a nozzle plate, and a support member for said droplet ejecting unit;

the method comprising the steps of:

16



foll ows:

oht over nagal e-pl a6 support 11 IR o The ™t 55 eéﬁhyséioﬁé

menber s SOO‘EVOC?%

ozzl e pl ate 45 % s tat tacheds t'o the nozzle l?)(F

adhesive is applied to the end face of ink ejection unit 10; nozzle plate

support

plate 45 is bonded to the end face of the ink ejection unit 10;

110 i s rebunting said dropiatejedstinguniéjoncsaidrsuppiart m@naber;t he nozzl e

is attached atthétenflerforniingat kst bae nozzieinesaid nerdle plate ofithkldroplet ejétfting
mani fold 35 by conpliant bonds 310. Preferably, the conpliant bonds hol d

t he nozzl | ate pressed against front of the nozzle plate, causing the
nozzle plate’'to bow out slightly. Figure 9 illustrates an

aperture 3501 S TeLgater aREndg i erdecd ebiters o el & feferbnoh siecheer

to be mounted at the front of the printhead and allows the chassis 15 to

ext end

n&&id tefeeenasamephifr isfocated gt apredgtermined pegitioadielative; fonspid s least

conduction of heat away fromthis area. Figure 9 also shows a circuit
board conmnessazaké; amd nary and secondary boards 20A, 20B electrically
connected to one another and to the printhead 10 by neans e.g. of wire
bonds 370. Secqpgiy the réferiricedpaithe?dB 8y skppbf MBfbYErt h  conductive
tracks spaced at an especially narrow pitch Suited to connection to an
integrated circuit 380 and/or the el ectrodes 210 of individual printhead
channel s 105 : 12

5. Method according to claim 4 and further comprising the steps of:

positioning the apparatus such that said nozzle is located in a first

predetermined position;

positioning said reference member such that said reference surface is located

- at a second predetermined position;

thereby to locate said reference surface at said predetermined paosition relative

to said at least one nozzle.

6. -Method according to either claim 4 or 5 and further comprising the step of
directing a high energy beam at that surface of the nozzle plate from which droplet

ejection takes place, thereby to form said at least one nozzle.

7. Method according to any previous claim and further comprising the steps of:

attaching said printing apparatus to a printer mechanism for effecting relative

- movement between the apparatus and a substrate to be printed;

abutting said reference surface against a corresponding reference surface of

said printer mechanism, thereby to align said at least one printing element with said

17
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but i nappropriate for the renmaining, Targer-scate ctonponents of the drive

circuit. These can be nounted o ' [ \fy| board 20A whj use -
it is for PN conducti ve trll;“l“mﬂ"llﬂwllimnl)l tch, is | @%@%@?ve

to manufacture. Such a two-part drréngkneht thel*ps mninmze the cost of the
print head sibsiraiol e. In a further embodi ment, the nozzle plate 45
may be bonded to the front face 320 of the first nmenber 300 prior to
attaching the nozzle plate to the ink ejecting unit 10. This first step is
carried out at a tenperature that is significantly (approxinmtely

40[err] C) @i ghefsethad a*chﬁrdiﬁ?ﬂéréﬁw Faeadam@ didifh, 'WHaetn Baid supbbht meater is

during printhead operation (typically 50[err]C such that, once the nozzle

pl ate has ] ' : h UL | 0

B Epot ok SIAEd s BiSCAmERt to B HeRel FEHGHSH, for SRbcftl R HoyHdcht
the nozzle plate js held taut oyer the apertur 115 . figure 2) in the
first rrenb@&.ween the prfiing @W@?ﬁ%%‘g,a %"I’pbséfﬁzﬁgtg,b BT'Qte%gt he T% err] of the
nozzle plate material being greater than that of nozzle plate support such
that the nozzle plate will shrink nore on cooling than will the '
surroundi ng support and thereby be stretched |like a drumskin over the
support. T@E vaMetisod accdrdingtozulyprptediagwkdint, wheteivl sgid suppodenember carries
pol ycar bonat e, :

electronic drive circuitry for said printing unit.

10. Method according to any preceding claim, wherein said support member carries

means for supplying droplet fluid to the droplet ejecting unit.

11.. ‘Method according to any preceding claim, wherein said printing unit has a

plurality of printing elements afranged co-linearly in an 'afray direction and wherein

said reference surface lies in a plane, the method further comprising the step of
fixing the reference member to said support member such that said plane lies

normal to the array direction.

12. Method according to any previous claim and further comprising the step of
'ﬁxing the reference member to that region of said support member lying closest to

- said line of co-linearly arranged printing elements

13. Method according to claim 12 wherein said support member extends
substantially in a plane, the method further comprising the step of fixing said reference

member so as to lie substantially in said plane.
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pol yester, polyetheretherketone ti oned above lie in the
range 20 - 50 x 1O[err]/[err] C““]“I“"lﬂ““lmmutched t ensi rlﬁg BOGHsS
pl at e 45 cawWoSMBKHuently be pl ated®i ntsehli®ng” contact with G S

i nk-ej ecting channels 105 and the surroundi ng printhead body, preferably
usi ng an adhksi videttiad acgoedingttot BBy refzelaémg| &{)etooﬂ@r andnyheeeipesaidureference
and/ or has | ow shrinkage on curing and/or is elastic so as to avoid further

di storti on mapmbdithdod Ioryitidiriat axidied ihaf uhliormsress sectiare perpéndicbiar to said
carried out at anbient working tenperature - no problens have been

encounter Ed%)ﬁ%gpg?ﬂgfgfofd%ﬁﬁé} 8dmpREhyase stdp &f fiding skitfreferetice rﬁbﬁill%r such that

operating t

Expressed in hroad,i.terns he dropl et.ejegt ] : CLyl Ln the
Furthor - entiife Teparealdl B FReLirah Eritedly BRaRbEH FrRTRCEREhsy ooy
and having a respective array of outlets communicating with a respective
array of nozzles fornmed in a separate nozzle plate; each chanber further
comuni cating with droplet liquid supply nmeans; the apparatus further
conpri si ng #4.ect Methbd yceotdirdbteeany afislaimos 11 tcpa4tandgwgeraie§aidmdntipg¢mit has
liquid in the chanbers to effect ejection of droplets from

a plurality of printing elements arranged co-linearly along a line, the method further

comprising the step of:
positioning the apparatus such that a printing element at one of the ends of
said line of printing elements is located at a predetermined position relative to said

reference surface.

16. Method according to claim 15 wherein the end of said line of printing element
- nearest said reference surface is located at a predetermined position relative to that

surface.

17. Method according to claim 15 or 16 and further comprising the steps of:
fixing a first reference suﬁéce in a predetermined position relative to a printing
-, element at one end of sa'id- line of printing elements; and
- -fixing a second reference surface in a predetermined position relative to a printing

.. element at the other end of said line of printing elements.

18.  Method according to claim 17 and wherein said first and second reference

surfaces are provided on co-linear first and second reference members.
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respective nozzles; wherein thjﬂl!ﬂ“"'ﬂcﬂl’ﬂﬂlﬂ“ﬂlnozzl e plate in which said
array of I s forned re ally uniform ' L the _
nozzl e arrg‘&éé’ﬁﬁgﬁl’i on when the apcpar atls s at its operati Xﬁ@%@?gﬁure.
Such a construction results in a nozzle plate that is held taut (like a
drum skin) ter Meathed aggorsingteplaian 18 @anddutther gomptising the step of foraminya rigid
uniformy flat over the Iength of the array. This in turn increases the

| i kel i hood énd betwieen isakl first and secondaeferente mémberdei ng of a uniform
quality. It will be appreciated that sone all owance for thernmal
expansion will have to be nmade in the choice of material for the first and
second nmenbers 300, 305 and/or in the nature of the bond 330 between them

| ndeed, whe th ' f.the | e plate .is pot _an
osue 1 tOexattadt RE3rdi b 3l kBB ag Hoirh e RiheF cheipain e siRp o
be desirable to nmake the nozzle plate support of a single material as
shown in fifiRg the refegence maraberdo said iswgpartioembeiiby meapsofiadhesiveit of
the material of the nozzle plate 45 and yet natched to the PZT of the ink
ejecting unit 10, INVAR (an iron/nickel ‘alloy) has proved suitable.
Alternatively, if the strength of the support is not critical, alumna my

al so be usez. ei Metfiodaceordimg te chiiin20 landr whgrdii Sdid aethedied iBaeRRticREoRhg
of a sandw ch nozzle plate support construction as shown in figures 8 an

9. Rediapabl e (e.g. hot nelt) adhesives may be used to attached such
a support to the ink ejection unit so as to allow the support / nozzle
pl ate assenbly to be

22.  Method according to claim 21 and further comprising the step of transmitting

radiation to said adhesive via said reference member, thereby to cure said adhesive.

23. Method according to claim 22 and wherein said reference member has a
longitudinal axis and is of uniform cross section perpendicular to said axis, the method
further comprising the step of applying a source of radiation to a surface of the

reference member lying perpendicular to said axis.

24. Method according to any preceding claim and further comprising the step of
positioning said reference member relative to said support member with thermally-
- deformable material such as a thermoplastic material or ‘'a Woods metal
therebetween, and cooling said thermally—deformable material, thereby to fix said

reference member to said support member.

20



14 .replaced should the step of nozzle manufacture prove

unsuccessf ul Wi | st the present invention has been desggrissbswzitd -
ref erence tBV(b?gé?éQ ectric inkjet printheads, it should be understood that
this is by way of exanple only. The invention is equally applicable to

other kinds of inkjet printhead - includif§@hhermal - and other kinds of
printer having printing elenents - including thernmal transfer and wre dot
printing el enents. The text of the abstract fd4 ed herewith is
repeated here as part of the specification: To alA accurate positioning
relative to a printer mechanism a printhead 5 is dvi ded with a

reference surface 60 fornmed on a reference 1 bber 55 is
attached to the base 15 of the printhgad b /tilohad with reference to a
nozzle 40 of an ink ejecting unit 10eDuU bhse nmenber. This

obvi ates the need for the base nenben t Adtlr ed t o narrow

t ol er ances.

Fig. 1
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15 1. Met hod of | ocating a reference surface on a printing

apparatus, the apparatus conprising a printing unit having BsS0RNE -
printing el @f%?‘ﬂ”%i d mounted on a support nenber; FcTieas :

2/10

Fig. 2
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the nethod.conprising the steps of: positioning the apparatus such
that said pri %} F@ elenent is located at a first predeterm nacr/Eess/basmm; -
positionind”g WHPence nmenber havi ng sai d reference surface such that said
reference surface is located at a second/predeternined posi tion;

said first and second positions being i-ngalg edet erm ned spati al

rel ati onship; and fixing the reference nenber to said support

menber, thereby to fix said reference surface in a predeterm ned position
relative to said printing el enent. 2. Met hod according to claim1l and
wherein said printing elenment is a droplet ejecting elenent. 3.

Met hod according to claim2 and wherein said droplet ejecting elenent is a
nozzl e. 4, Met hod of manufacturing a printing apparatus, the apparatus

including a printing unit conpkising a droplet ejection unit having at

| east one printing elenment, sdatd at |east one printing el ement conprising

" a nozzle for droplet ejection forged in a nozzle plate, and a support
menber for said droplet ejecting f

d
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g
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t he nethod conprising the steps of: : ) )
16 WO 99/ gl%mti ng said droplet ejecting unit on said PefiRPEds/ 02519
menber ; P& after formi ng at | east one nozzle in said nozzle plate
. of the droplet ejecting wunit; and ;‘I? eafter arranging a reference
menber such that a reference surface of i/ ?r eference nenber is |ocated
at a predeterm ned position relative to said at |east one nozzle; and
fixing the reference nenber to said support menber. 5. Met hod
according to claim4 and further conprising the steps of:
positioning the apparatus such that said nozzle is located in a first
predeterm ned position; positioning said reference nenber such that
said reference surface is located at a second predeterm ned position;
thereby to locate said reference surface a i etey m ned position
relative <
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to said at .| east .one nozzle. 6. Met hod according to either claim4 or

5 and further conprising the step of directing a high energy at
surface of W%W@'éﬁ e plate fromwhich droplet ejection takegegﬁa&%},ozgﬂ

thereby to formsaid at | east one nozzle. 7. Met hod according to any
previ ous claimand further conprising théiélébs of : attaching said

printing apparatus to a printer nmechanismfor effecting relative novenent
bet ween the apparatus and a substrate to be printed; abutting said

reference surface against a corresponding reference surface of said
printer nmechanism thereby to align said at | east one printing element with
sai d 17 Substrate. 8.
Met hod according to any preceding claim whereiR,sai d-support nmenber is

adapted for attachnent to a printer nmechani sm lé;ﬁf cting relative
movemnent
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between the printing apparatus and a substrate to be printed. 9. .
Met hod accorgj any preceding claim wherein said support

carries el e‘g??g’rll{"?dri ve circuitry for said printing unit. Whﬁ%?ﬁod
according to any preceding claim wherein ?ai d support nenber carries
means for supplying droplet fluid to the 6 Jp@et ejecting unit. 11.

Met hod according to any preceding claim wherein said printing unit has a
plurality of printing elenents arranged co-linearly in an array direction
and wherein said reference surface lies in a plane, the nethod further
conprising the step of fixing the reference nenber to said support
menber such that said plane lies normal to the array direction. 12.
Met hod according to any previous claimand further conprising the step of
fixing the reference nenber to[Ehat regi on of said support nmenber |ying
closest to said line of co-lidEaf ranged printing elenments 13.

Met hod according to claim 12 wher@in said support nenber extends

200 :

™
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substantially in_.a plane, the nmethod furtherconprising the step of fixing
said reference nenber so as to lie substantially in said planpe, :
18 WO 9910EBhod according to any of claims 11 to 13 an§CNMFEPEA12,) d
reference nenber has a longitudinal axis and is of uniformcross section
perpendi cular to said axis, the nethod PAgiOher conprising the step of
fixing said reference nenber such that said axis |lies parallel to said
line of co-linearly arranged printing el enents. 15. Method according to
any of clains 11 to 14 and wherein said printing unit has a plurality of
printing el ements arranged co-1i I ong a line, the nethod further
conprising the step of: pEl? oni/ng the apparatus such that a
printing elenment at one of the ends of said line of printing elenents is

| ocated at a predeterm ned position relative to said reference surface.

16. Method according to claim 15 wherein the end of said |line of printing
el enent :
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nearest said reference surface is |located at a predeterm ned position
relative to t urface. 17. Method according to claim d
further conB#‘Pg’l’%%f he steps of: fixing a first refere%é-g}a;naéiﬁzaéﬁg in
a predeterm ned position relative to a printing elenent. at one end of said
line of printing elements; and fixing a®%&t@hd reference surface in a
predeterm ned position relative to a printing elenent at the other end of
said line of printing el enents. 18. Method according to claim17 and
wherein said first and second reference surfaces are provided on co-linear
first and second reference nmenbers.

19 19. Method according to ﬁai @18 andnfureher conprising the
step of forming arigid bongbet vveenmsaigﬂ f& sﬁand:secogrd r efer ence
nenbers. —- o "
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20.. Method according to any preceding claimand further conprising the

step of fixing the reference nenber to said support nenber b %ﬂ& _
adhesi ve. WQ%/lolK?et hod according to claim20 and wherein sa%f’éfﬁ eéolg\glle9 is

radi ati on-curing adhesive. 22. Method according to claim 21 and
further conprising the step of transnit&A§0 radiation to said adhesive via
said reference nenber, thereby to cure said adhesive. 23. Met hod

according to claim 22 and wherein said reference nenber has a |ongitudinal
axis and is of uniformcross section perpendicul ar ©o sai dnaxis, the nethod
further conprising the step of applying a urce ofelradi atJon to a surface

of the reference nenber |ying perpendi culan to sayd axis. 24. Met hod
according to any preceding claimand further nprfi si ng e step of
positioning said reference nenbe [ W th
thermal ly- deformable materi al cha\aN h asti ¢ mgtgrgl jor a Wods
metal therebetween, and cooling 1 r 44lef or mabl 4 al
thereby to fix said reference r Yo ai g $mpport frentdr,
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