~e3e.,. Tp\6RTJ 22 JANUARY 200 NOZZLES AND METHODS OF AND APPARATUS FOR
FORM NG NOZZLES. The present invention relates to nethods and apparatus Far

ferm ng the nozzle i i print heads, particularly drop-on-denmand ink
jet .printheads. In w @,’M he nmet hod i nvol ves form ng 28zANISARY 2003t he
nozzl e plates are »' the printhead into a generally conical shape
tapered in the nozzle H#8® di rection. ThHe -net hod enpl oys a hi gh energy
beam suitably, an Wabl ating pul sed excinmer |aser incident on the exit
face of the nozzle. Since the initial proposals for drop-on-demand ink jet
printers, as for eligg in US-A- 3,946, 398 %U ser & Sears it has been
known to enpl oy NAGZA e ANDMETHERS AFa AND ABFAEA %Sﬁﬁc%ﬂmgﬂ% 4Z5B3r i ng
towards the nozzle outlet. The geonetry of the nozzles should be accurately
made with regard to their location, exit area and direction of cone axis in

t he nozzle pla in order to ensure _uni form qual, rinting by ink
i apa o oot b0 ARGPTHERE HeRRaTE TFas5te T By piad DT T Pot at oo

bet ween 50-5000 nozzl es | y monochrone i of

i ndependenf® ’f“h‘li1 CB%% c’zzx\%ccur é@g IS aREHERE ST tpﬁﬁtln%‘zl?lrg%rq)rr?p"%?ﬁefnéﬁ‘?n
pattern wit é%nd QQBMES” col ourways on the nozzle plate also controls
printing qu % e geonetrlcal shape of the cone is further chosen with

particul ar regafd L.pcﬁéasapym%gtrﬁq%ouﬁ%ﬁesnp&%ﬂ &% flegh&ee@kﬂl t he

nozzle in the ejectlon cycle, to mnimse the energy of drop ejection and

at the sang.ije pQQU& the £@z%'cﬂé'@|coa%é'5$zll%tﬁ@&{ Q}{cé Ny %'aﬁe{%ﬁ ”@Jml'créi
preparation for further operating cycl JANUARY 20 3 -

shape tapered in the nozzle flow direction. The method employs a high
energy beam, suitably, an UV ablating pulsgd excimer laser incident on
the exit face of the nozzle.

Since the initial proposals for drop-on-demand ink jet printers,
as for example, in US-A-3,946,398 (Kyser & Sears), it has been known
to employ nozzles of a generally frusto-conical shape tapering towards
the nozzle outlet. The geometry of the nozzles should be accurately
made with regard to their location, exit area and direction of cone
axis in the nozzle plate in order to ensure uniform quality of
printing by ink drops ejected from them. A single nozzle plate
typically incorporates between 50-5000 nozzles which apply monochrome
ink or a number of independent ink colours. Accurate placement of the
nozzles in a uniform pattern within and between colourways on the
nozzle plate also controls printing quality. The geometrical shape of
the cone is further chaosen with particular regerd to the dynamic
acoustic impedances of the ink 1n the nozzle in the ejection cycle, to
minimise the energy of drop ejection and at the same time damp the
residual acoustic energy in the channel in preparation for a further

operating cycle.
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The inlet section of the nozzle is.also matched as Far as possible to the

i 'nk ‘channel’ section of the actuator behind it in order to prevent '
entrapnment of air bubbl es behind the nozzle plate which may disrupt
operation of the printer. It is further generally accepted22 8aNUARY 2003
necessary for the ink to wet the nozzle bgre but to be non-wetting to the
material of the nozzle plate exit face. Accordingly, it is required to
devel op net hods of nozzl e manufacture whereby nozzles are fornmed with a
wel | defined and precisely reproduced geonetric shape and are arranged in
defined | ocati onsnaiinhied ddi@180Z7d @npl 210 14200 | ftlchag cdyr agy.aA further
requi renent of the nethods is that manufacture be continuous and rapid,
capabl e of neldsnglseernd frirouRabipEbotRRAES PRI adarat wHiheNEd Vnl OWier
cost. In patent application EP-A-0 309 146 it is proposed, inter olio, to
formthe nozzd @sebént kacramene pf atie plibARsi Bdrinat tiy inekhrag1kod | @McAGay
attachnment of the nozzle plate, by exposing the exit face of the nozzle

pl ate via andapeptusettanhsk dfotgenenakeéy. parald eurbeangendrddor adieghed&ner gy
radi ation and at the sane tine rocking the nozzle plate about axes norm al
to the radi athaonidi f=ckecessdry for mheoizk e wapeamhedndzniar dsre vetnozzke exit.
One di sadvantage of the rocking nethod is that only a snall fraction of the
radi ati on whietrvestengpdoetha garherxnok the nowald plapplexald fasethe nozzl e
plate for ablation) the greater part being reflected fromor absorbed in

t he mask. Accor difa§PEAinghe. powef BFIULKed HiogHeen@pPgye Bwam ok a@zE b

manuf acture is not efficiently enployed and production rates are

accordi ngl y PeRfEsguTsh “PREDHIT SQaetTDR print@sd wdhaavitidiledefinedf and  j ANUARY
2003 a further di sadvant age is that the incom ng parallel radiation when
abl ating t hePTHIEFNAITSROPRITHL ECBFSTHE TIPSl BPWTR BFRATSBAM e AREH Ny t he
exit apertur i.s exposed tq onl fraction of the work area Lng . to the
rocki ng noti g?ﬁ“&@%r‘ﬂi%é?yg’ean§¥é§€i EF3hTdeh %‘ftléﬁjerag%?uﬁm%‘es%v%'i}%%él ly
by an order agni I is required to effect ablation of. a

nozzl e than \%%%nl aBF%%?ogn&Ees%‘a%ﬁg clisé Su(r%lﬁ?rbrm ‘i}?cntu@?(gbeess?g%#”i et rdeshol d
ablation energy;d 0 ki RNbE IRk ks &8s loukiadDroRlifllisOled Ay PLESEN!

i nvention to provi de" an i nproved nethod of and apparatus for formng a
nozzl e or nog;{&smeilg BJ1egite plate of an ink jet printer. Another object
is to forma novel kind of nozzle. The present invention consists in one
aspect in the netmodaedntf appl G tacROZZhe0i oA 10022l es pibes&f, aAcéhkijel
printer which has an inlet and an outlet in respective opposite |aces of
said plate amd foraorre Wiiz&heeXineRHS dd¥z08 bl atai 6F phaitk ged papehsad n t he
direction of said outlet) said nmethod conprising directing a high energy
beam t owar ds falladegoitsahdenpt atfe the nwhitd Maitd, nogzzkeong! e iesif dragedefand
focusing said beamso as to generate the nozzle bore in said plate with the
desired t aperthe Qfizizabl giatehel sr@rhedernokddesski oe eoengl lat PhealsteLseyansofi t he
energy of the beamto a paint towards which the nozzle bore converges. In
one form th&Vnex hgghotnargy rafiadiporerfdupt hdye Fard JdBS ToSKERSi TG 8%WZdebeam
in two nutually inclined planes each containing the beam axi s towards
respective | ¢ate GROUHI XFSSBEFIA 8| B9 cAdtaFienafiFesrath o A NG ETse s
aid beamto diverge at djfferent angles from said respective |ocations and
to have an opfPTH? PRI ThrdtdiP?EaPd®Hitate such that the beam generates the

nozzle bore with C;nr]eedgsegdvgggaég%qf the r.(ociliing method is that only a small

fraction of the radiation which is exposed to the mask 1s usually
applied to the nozzle plate for ablation, the greater part being
reflected from or absorbed in the mask. Accordingly, the power of the
high energy beam used for manufacture 1s not efficiently employed and
production rates are accordingly reduced in the producu'on process as

a whole.



22 JANUARY 2003 - 4 In another aspect) the present invention consists in
the method of formng a nozzle in a nozzle plate for an ink bet printer,
conprising directing a high energy beamtowards said nozzle plate) the beam
passi ng through beam convergi ng nmeans pri®r-to i npi ngenent 2b yANEAR PP oblE
nozzle plate) characterised in that said beamin agvance of said converging
nmeans i s passed sequentially through first and second spaced apertured
masks) the respective apertures of which are conjugate through the

conver gi ng nmeansA viurtheheairgadyattagad: ¢ hdat nitet 1ofouihe grozzle! frocmedidsy t he
beam Advantageously, said beamis directed at the face of the nozzle plate
cont ai ni ng t¥enoiadensfrhehen ryzel evenkd faherd ihe ezpby 2Eht Hpebsatrom t he
inlet to the outlet. Suitably, the nmask apertures can be of the sane or

di fferent sHAPESL"E FhEn@YoRREr N8 . aperer@PeeDtot Pre-vf Bristackd’k afe&hs Wos« of
circular formand that of the second mask neans is of rectangular formto
provi de a ndFERe Y et Wi RCEH B EpbIRls W EIPTERRE 1 08 ETEEERT SHEBET tHe i nk

channel of the printer with whjch the nozzle connects. Preferably, the .
met hod of t H&'STEY M6 i%llﬁ?ije]sy PRt P ARG Fﬁg"fa‘I‘B@Zg‘rté‘geo‘fP gPUer geénteinED

sai d beam i n_advance ald first sk.to incre the taper. angl e. of .t he
nozzl e bore Oore\rfrg‘:c"jc"19371%1L émtr)legtr"naﬁﬁf?ﬁ%f%haf‘h%heélna@ae%?”tﬁea %Jf’iln%aadlg\r}%at}ogrgﬁ%e

s _equal to LNe.R0al ¢-subl endech Aty LB dihSLodiBsk: AREL L 4e DY, dde. fgcond

mask aperture. Advantageously, the net so i nc es convergi ng the beam

through the first, masknby, ikt Her.nRegRLARY EE@nRodTRBNSrdh8e f Af alplRgt h of
whi ch equal s the di stance between the mask apertures. 22 JANUAR?/ 2003

The inventi offe @b800 ARSI SigarkBudRAr 8bMSink0s {RLME NE=a04022! & i ng-Nezzl e
plate of an ink bet printer which has an outlet and an inlet in respective
opposite facgmwaf osaird1pk afe pRCh R DO ghoks ot st ENAS tb HRugh Hled Plnat e
and tapers in the direction of said outlet said apparatus conprising a
source of a &f glezener gy bean) neans for directing a beamfrom said source
at the face of said plate in which said outlet is Formed and beam

conver gi ng neansThdaptesdnt gnyenerat eossistsnodz zine bemegtwirt he hee dhedi ¢fed
taper in said plate. Suitably) said beam converging neans are adapted to
focus at | eaSereipfes gozehe i@nergsrz3e Bhath béagn ank aigtoRBiNteR +Hovedr B3 WRi ch
sai d nozzle bore converges. In one form said beam converging neans are
adapted to fO¥ifRE BR HaPHtidadi TRPSERTYT OPRES TRt (RAasy°f meftfnetrts ared

containing the beam.axis towards respec¢tive |ocations di sposed in.relation
to said plgat RO WHECR SXEETER T 5?‘&5%5%?7‘%%1&&&%‘}%«53‘??%#%&9’8 gjelée[féé??vo

| ocations and to h an_optical .path through_said plate such that the beam
gener at es thgalr?g?%?iée orS%lc%)vimte%g?%ewﬁ’ggfsrlé’ élbeecr%}nic?vgﬁ%ehagfé%ﬁ?r},%amrreans f or

Forming a see%}mdgfa%l gé,;aafisai&epkgtvgﬁ%np 1S BosBANS QL £ ENRALES | Mg
the p e

transl ating ate relatively to the am after each nozzle is forned to

the |ocationr@dudifg £86t bBAY Zoeal O gehoFd®RAnd 8221 @B G 3L 8P 1aBsi St's
in apparatus for formng a nozzle in a nozzle plate for an ink jet printer,

conpri sing awselnte @sizeli gpeenergy beam neans for directing a beamfrom
sai d.source at a face of sand plate, beam convergi ng neans and first and
second mask neansufiostid whé metBspeiiciv@enFectsyiag dthdeagh sehecdt shed beam
i s -passed prior to inpingenent on said nozzle plate, said apertures being

energy of the beam to a point towards which the nozzle bore converges.

In one form, the method of the invention further includes

focussing said beam in two mutually inclined planes each containing

the beam axis towards respective locations disposed in relation to

said plate so as to cause said beam to diverge at different angles

from said respective locations and to have an optical path tnrough

said plate such that the beam generates the nozzle bore with the

desired taper.



22 JANUARY 2003 -6 nutually spaced and disposed in relation to said
convergi ng neans so that said apertures are conjugate through the
convergi ng means respectively with the outlet and the inlet of the nozzle.
Sui tably, the apertures of the nmasks can be of the sane or 22iJANEARY 2003
shapes. Advantageously, neans are provided for inparting a degree of

di vergence to the beamin each parallel optical systemin advance of said
first mask nmeans to increase the taper angle of the nozzle fornmed by the
beam Suitably, the angle of beam divergence is equal to the angle

subt ended at thenf bfigdherBsdpeaRer tHE @ rbYedd8 56000 %S?th QBS.T(Otrt’}%%nS

Preferably, further beam convergi ng neans adj acent s C

I TSt mas

are provi dedrtfyraugh avibeinsahda heamm kS, RASSed: apd; QP igplﬁ'l%%it‘d beam
di verging neans are di sposed) the focal |ength of sal d fufther conver gi ng

means bei ngcegualsifd dubecelingt anesDehUBeN tebe fRSk1RENLULES 16! 1S alhe
object of a further aspect of this invention to provide an i1 nproved nozzle

for an ink petn passtrer thidughs beek lconngensiz00athat1bP dohend QRREAON and
el ection of an ink drop) the drop renmains attached for a considerable

period to theereedi duaheneizdeuslave,t hearmezzbesdy 14 fhdd dald GaeRML This

| i gament extends progressively and ultinmately breaks off at the tine
referred to2dsrgropl [Faédkcwfersing weass iis pbiakedd/ suhtdhuial spedicabgh firsc
precautions the ink neniscus is withdrawn into the nozzle at drop

br eak- of f, ERbFechRd tsgRFedfaPeREURRdopaniey. ttoadraspebeidr anarupet hef cancave

nMeni scus )
are conjugate through the converging means with the outlet and the

inlet of the nozzle formed by the beam.

Advantageously, said beam 1s directed at the face of the nozzle
plate containing the outlet of the nozzle and wherein the nozzle
tapers from the inlet to the outlet.

Suitably, the mask apertures can be of the same or different
shapes. In one form, the aperture of the first mask means is of
circular form and that of the second mask means is of rectangular form
to provide a nozzle inlet which corresponds with the cross-section of
the ink channel of the printer with which the nozzle connects.

Preferably, the method of the invention includes introducing a
degree of divergence into said beam in advance of said first mask to
increase the taper angle of the nozzle bore formed by the beam.
Further, the angle of the beam divergence is equal to the angle
subtended at the first mask aperture by the second mask aperture.

Advantageously, the method also includes converging the beam
through the first mask by further beam converging means the focal

length of which equals the distance between the mask apertures.



surface onto the wall of the nozzle. The effect of any such attachnent of
the drop tail to the nozzle wall at break-off wll be to 22 JANUARY 2003
- 7 give the elected drop a sideways "kick" with the consequential risk o
error in the drop landing position. It is a nore specific ebjJanNUARY 2008
aspect of the invention to provide an inproved nozzle which deals with this
pr obl em f 22 JANUARY 2003 _g_ The invendtion will now be described by way
of exanple by reference to the follow ng diagrans, of which: FIGURES 1(a)
and (b) are respectively a plan view and a sectional view in the plane of
the nozzl e axes yhi anénu‘éﬁtéf‘te the r| or art net hC}d o;orr&g%z e man facture
by Wl aser abl ation US] ng a cont a8 Task Fant 68 |Sng°fhe nozz1e Prate o

brovide a nzle. iapetad oxar s, the hozgl Concenmsﬁiﬁ Ztl%*aomln L an

vi ew a nmask apertures aré fe axés ot
fraction (ngwfbéﬁicQggé'dﬁpngéé”¥Ec8£ of said plate and a bore which extends

through said plate and tapers in the direction of said outlet said
apparatus comprising a source of a high energy beam, means for
directing a beam from said source at the face of said plate in which
said outlet 1s formed and beam converging means adapted to generate
said nozzle bore with the desired taper in said plate.

Suitably, said beam converging means are adapted to focus at
least some of the energy of said beam at a location towards which said
nozzle bore converges.

In one form, said beam converging means are adapted to focus the
said beam in each of two mutually inclined planes containing the beam
axis towards respective locations disposed in relation to said plate
so as to cause said beam to diverge from said respective locatians and
to have an optical path through said plate such that the beam
generates the nozzle bore with the desired taper.

Advantageously, means for forming a series of nozzles in said
plate comprise means for repeatedly translating the plate relatively
to the beam after each nozzle is formed to the location of the next
nozzle to be formed.

The invention also consists in apparatus for forming a nozzle in
a nozzle plate for an ink jet printer, comprising a source of a high
energy beam, means for directing a beam from said'source at a face of
said plate, beam converging means and first and second mask means
formed with respective apertures thorugh which said beam 15 passed

prior to impaingement on said nozzle plate, said apertures being



evenly spaced nozzles in the nozzle plate; FI GURE 3 shows, according to one
enbodi nent of the invention) two orthogonal sections X-X and Y-Y of a '
nozzl e formed by abl ation and the optical paths of the incident beamof W
excimer radiation by which the nozzle is Formed; FlGURE 4 2NAMUARY 200321 e
and the optical radiation paths shown iné{igune 3 conbined in isonetric
projection; FIGURE 5(a) shows (not to scale) an axial section of a nozzle
formed by ablation and the optical paths through an inproved opti cal

proj ection system of the incident beam of Wexcinmer |aser radiation from
whi ch the nozzle.is_formed:. ELGURE 5(b) is a scrap view to an enl arged
scal e of paft i ¥ S@acg?%‘r}d Iér“ffﬁfdg BY T30 QRot T8VEENE BFYS plart
of Figure 5 [ d ils of the optical geonetry: FIGURES
6{a) end (b)gﬁ%ltr %gg%citéeggg{%%\?\s% uégf??ytnépu h|15the cé%[bvl%eréﬁg m)aé%n? nt egr at ed

optics |ens syslem iy Lok alletbu oz LBaPLAUGILORE By BELTL head by the use

of an array of 1 ndividua ens systens of the formillustrated in Figure
5(a); Suitably, the apertures of the masks can be of the same or

different shapes.

Advantageously, means are provided for imparting a degree of
divergence to the beam in each parallel optical system 1n advance of
said first mask means to increase the taper angle of the nozzle formed

by the bean.

Suitably, the angle of beam divergence is equal to the angle
subtended at the first mask aperture by the second mask aperture.
Preferably, further beam converging means adjacent said first mask
neans are provided through which said beam is passed and on which said
beam diverging means are disposed, the focal length of said further
converging means being equal to the distance between the mask
apertures.

It 1s an object of a further aspect of this invention to praovide
an improved nozzle for an ink jet printer.

It is well understood that in the formation and ejection of an
ink drop, the drop remains attached for a considerable period to the
residual meniscus in the nozzle by a fluid ligament. This ligament
extends progressively and ultimately breaks off at the time referred
to as drop break~off. If - as is likely with no special precautions -
the ink meniscus is withdrawn into the nozzle at drop break-off, then
the tail of the drop may tend to be drawn up the concave meniscus

surface onto the wall of the nozzle. The effect of any such

attachment of the drop tail to the nozzle wall at break-off will be tc



22 JANUARY 2003 -9 FIGURE 7 is a plan mew of a mask For use in producing a
nozzl e according to this invention; FIGURES 8 and 9 are, respectively
sectional and plan views of a nozzle according to this invention; FlIGURES
10(a) to 10(b) are diagrans illustrating the manner of drop2fUdANUARY2008d
ejection fromthe nozzle shown in Figures 8 and 9; and FI GURES 11, 12 and
13 are respectively top plan, section, and bottom plan views of a further
nozzl e according to the present invention. In the drawings) like parts are
designated by the same reference nunerals. . Figure 1 illustrates one

confi guratiQpeofnd R§ePddOhréY ta TRAINAG OF 1 NOZZ 8 RIINAL L dakRG B oLl igrat ed
hi gh energy beam 10 such as a Wexciner |laser. The collimted beam 10 is

directed agaigst,d hgemsk LdiRgWbeftianertures 18(a)) (b), (c) are forned.
These expose the nozzle plate 14 attached to the printhead 16 in the region
of nozzles 20(ajs i), ndre) s@ddiridheo el bratad Bamc10r i thedh FRchdiBnt he
direction of the nozzle axes and directs pul ses of high energy Wradiation
wi th ener gy donsd tn exceedingdne ablat heald hneshelid pfodika.nozzle plate
material. Typically the material is a chemcally inert polynmer such as

pol yester or polyimde whose threshold energy density is in the range
0.2-0j) micm 22 JANUARY 2003 - 10 Continued exposure to energy pul ses
accordingly causes progressive ablation of the nozzles 20(a), (b), (c) so
that by rocking the printhead 16 and nozzle plate 14 together with the mask
12 as indicated by the arrows 13, the nozzles bores are caused to be
undercut, that is to say to be nade with a taper in the nozzle exit
direction. By rocking the nozzle plate unequally in two orthogonal axes the
nozzl e bore section can be suitably adjusted to match the section of the
actuation channels 17 in the printhead 16 and to have the required nozzle
exit area and exit cone axis direction. As previously indicated this nethod
of nozzle abl ation enpl oying rocking uses only a small fraction of the

radi ati on exposed to the mask, and requires an additional nunber of

abl ation pul ses to abl ate each nozzle conpared with direct ablation applied
to the whole of the surface to be ablated. Figure 2 shows a nozzle plate 24
having a row of nozzle apertures 26(a)-(z). The area of the nozzle
apertures is relatively small conpared with the area of strip 27 of
illumnation of WV excinmer radiation that would typically be exposed to the
mask 12 to abl ate these nozzles using a rocking notion. In accordance with
a principle of the present invention) a | ower energy density of
illumnpnation is applied to the area of the nozzle plate, such that the
energy per pulse previously applied to nozzles 26(a), 26(m,26(z) is now
applied to the areas 28(a)) 28(n)) 28(z); and the energy in these areas is
focussed by a suitable I ens systemin each of these three nozzle axes to
formthe respective nozzles 26(a), 26(m and 26(z) by direct ablation

Wi t hout rocking but using a suitable form of beam




- 11 22 JAN UARY 2003 In this arrangenent the energy per pulse per nozzle,
is reduced by a factor of typically 100. At the sane tinme the nunber of

pul ses that is sufficient to forma nozzle such as 26(m during abl ation by
rocking is able to produce not only nozzle 26(n), but aIsB2UHéRNH?%ZQQ%ing
nozzl es 26(n)-26(y) each forned succesgige]y by direct ablation, by
successively translating the nozzle plate laterally after each successive
set of nozzles is Forned. Accordingly, using a direct ablation nethod via
an apertures nmask and a |l ens system for each nozzl e abl ated, enables the

number of nozzles pReditboh LMe B asiGed Mikh {heapafe Wexal ger | aser

installation to be increased by a typica act or cost of nozzle

manuf act ur getengdsk %S&eat«&ﬁoﬂﬁgr@&ig%jngn @f wifig.cost of the additional
| ens optics) to be reduced by a factor of 100. The nethod of direct

abl ation is destrGuhesl Miahhas@f@)ense deapona voozz 818y Jief eleingesd Q. Ehgur es
3 and 4. In this nethod each nozzle is tformed by a beam of high energy
radi ati on, vhypitalthy slemevet HeORbad MNERXS IWRBEN |i18368Etrat WY ehidheckeami s
formed as a cone of high intensity radiation having the required shape to
gener ate t hethokdfenprgfe hentirdieraldyatgdlaseaciblaanen afsihg gh conedd}y mask
radiation is formed wwth a separate nask and | ens system per nozzle, and
has an eneragy degingythea) ngacke sdete o ofotite aorzkée aspgredttogrray ehter
than the abl ation energy density threshold For the nozzle plate material.
Typical |y tRézhdAF & plate material is an inert polyner material such as
pol yi m de or polyester, whose ablation threshold is relatively |ower than
that of ceram cFGi'RRet aM9Wst Herftitg e EymioPIsK bR ethifbrafenkuysst 2pdAfAraed

manuf act ur e. . . )
concentric with the axes of a fraction (shown as one i1n twelve) of

¢

evenly spaced nozzles in the nozzle plate;

FIGURE 3 shows, according to one embodiment of the invention, two
orthogonal sections X-X and Y-Y of a nozzle formed by ablation and the
optical paths of the incident beam of UV excimer radiation by which
the nozzle is formed;

FIGURE 4 shows the nozzle and the optical radiation paths shown
in Figure 3 combined in isometric projection;

FIGURE 5(a) shows (not to scale) an axial section of a nozzle
formed by ablation and the opticsl paths through an improved optical
projection system of the incident beam of UV excimer laser radiation
from which the nozzle is formed;

FIGURE 5(b) is a scrap view to an enlarged scale of part of FIG.
5(b);

FIGURE 5(c) is a view not to scale of a part of Figure 9(a) and
illustrates details of the optical geometry;

FIGURES 6{d) and (b) are sectional views mutually at right angles
of an integrated optics lens system for parallel nozzle production in
a printhead by the use of an array of individual lens systems of the

form illustrated in Figure 5(a};



22 JANUARY 2003 - 1z Figure 3 shows two orthogonal sections of the nozzle
40 and the optical axis 50 of the direct ablation system Figure 4 shows
the sane sections in a conbined isonmetric view. In these figures, incomng
collimated high energy radiation is applied to a nmask 5z, 2»JANUARYROO3
aperture 54 is fornmed. The aperture 54 ¢ ﬂnresponds to the apertures 28(a))
28(m) or 28(z) in Figure 2. Although dra as a circular mask, it could be
formed in other shapes such as oblate or rectangul ar) since it is not
essential for the nozzle exit area to be circular. The |lens systemis

indicated in FigguiRs 3,3nd gy v &yhindii ¢al Jenses,Sbuangd i%@ﬁ@t ed at

suitable heights relative to the exit plane 42 of the nozzle plate.

order to coptd@inthes $hie Pvdnlt€onozzl e ablated in the nozzle plate
material 44, a precise optical feedback system (not shown) is utilised to

control the heirghtird & Badpd ane  42ad Rkt 8 kecthfihens SY et emeRb, 8., Lens

56 is selected as regards its p05|t|on size and focal length to focus

i ght on the:zdd Sc88rdilngatd edrls 6Rvai1bAdi cated in . Figure 3. Consequently
the incident radiation through mask aperture 54 and | ens 56 forns a cone
correspondi ng tRIGURES i ki) Ot A (BPzzdee d48s@WD1 1ut tseEidORNX-Rén@br Riggur e 3.
At the sane tine lens 58 is selected as regards its position) size and
focal | engtdhop cfdraetisord iaght e pretarnsf el abe Irevele Ghoas imdiigated 8i AndOct i on
Y-Y in Figure 3. The incident radiation through mask aperture 54 and | ens
58 in thisaséction accordingly forns a cone corresponding to the section of
nozzl e 40 shown in section Y-Y of Figure 3. - 13 22 JANUARY 2003 It wll
be evident thatFi&EUREdel vatPetyd df eonireabervrele wivapbsn. section, and

bottom plan views of a further nozzle according to the present
invention.

In the drawings, like parts are designated by the same reference
numerals.

Figure 1 illustrates one configuration of the prior art method of
nozzle ablation using a collimated high energy beam 10 such as a UV
excimer laser. The collimated beam 10 is directed against the mask 12
in which apertures 18(a), (b), (c) are formed. These expose the
nozzle plate 14 attached to the printhead 16 in the region of nozzles
20(a), (b), (c) etc.

The collimated beam 10 is aimed in the direction of the nozzle
axes and directs pulses of high energy UV radiation with energy
density exceeding the ablation threshold of the nozzle plate material.
Typically the material is a chemically inert polymer such as polyester
or polyimide whose threshold energy density is in the range 0.2-0.5

-2
mJcm



can be fornmed in this manner by suitable choice of the | ens positions.
sizés and heights enployed. It will further be apparent that 1F the
Focussing of the beamwere effected by a spherical |lens or |ens syste a
frusto-conical |y shaped nozzle coul d be Farmed. Also) a wWéANEARS 30

| ens systens nmay be enployed to devel op_the optical beamprofile in
accordance with the art. It will be evident that lens 58 is |ocated in the
path of the focussing beam From |l ens 56 and consequently experiences a

hi gher energy density of radiation than leis 56. A material capable of
passing the requidedniaieabd freREr dherdgnsilitatsi Sc Ao AiNgLysdgshosen for
lens 58. It wll also be realised that the | enses 56 ang 58 wll be liable
to significanbgsqieikCcalladbed rat ked)ndzk1then@re orned as shwly rocking

di agranmatically in Figures 3 and 4 in the formof a single |ens each. To
avoi d such aberpfaithosnd 18 e0dMdRz50|dilbeiconid Sokecdr M eachel £08 Fpom a
series of two or nore nenbers of a conpound |ens system Such |enses may be
ei t her spherin@atawsd byldhedatraals LB, ateOhda£Iee Wbids bhe da@Bad sysskbem desi gn.
Al so a parabolic |lens surface curvature nmay be adopted which al so

conpensat es underephethgalisabersaat korbe madbevivans esapendircahedh@dz@e ofxitthe
sinple solid curved conponent type that nay be forned not only of glass but
al so of silidGaecsiapphi Be,roching wrefhermmledelare otémralimter tad swhbadiae f or
use in an Woptical system Further sorts of |lens such as grating,

zonepl at e oraxgFatheRPziiIERTE IRS topn | e@ns be yaiidaBlmf vt ted be Rafel. the 22
JANUARY 2003 - 14 The high energy radiation Froma Wexciner laser is
usual | y charsfCtéet s€dthy J8antinany shgmirde 17 nin KBe rgdgenesd) hp radi a8 = 5m
radi ans due to which the radiation into the aperture 54 of the system of

Fi gures 3 and'®4TPAT6E F9720F aPti C e Rd MY e BB 0BT | FHdt BFeCAL¥OT di ngl y t he
cone of concentrated radiation illustrated by section X-X.and Y-Y in Figure
3 becones spreadg%\})é"revé%‘ﬁqébb\i/%lctaﬁggs?% B?t}{oélr 8&’}?&51%3&98%@ pFedi*¢téd
fromray optics.assuning.that_t i.nci dent peamis.collimated.. The degree
of spread derﬁ)(?%arslg on-t h%’lﬁi gt%“?’l%g bEFEER P et%aeplé?c%lﬁgéo%fxﬁﬂsde% :1;8 H6221 e
40. A smal | degr eg, i addili onalosRsad alag. ALkSEn Aus, (91088, ao1

diffraction € sprea ue to beam di vergence of iment In aEi‘gures

3 and 4 is_ayphdgd, iR E&E‘pa%%@j O 81 AL ARgenEn, Qlé_élcﬂegsﬁﬂ chD JHAWr &f the

5(a)-(c). The system described wth reference to Figure 3 is based on the

assunption tdigiratbe-nggzdvahl as it is ablated foll ows the geonetrical
profile of the incident radiation. In practice) however, it is found that
the nozzle wall Fsgdrer peshoat amadigkepIdeablh viesvtiQgtdhi@oli ghhotsa)s agéridres
edges of the incident beam such that the wall is insufficiently undercut to
provi de the 2esi)réd) t afee .ards o8 tnel hokdiewaperpaeal ielrehigivednesmgyl beam
directed at a plate produces a nozzle which tapers in the direction of the
beam compared with the area of strip 27 of illumination of UV excimer

radiation that would typically be exposed to the mask 12 to ablate

these nozzles using a rocking motion.

In accordance with a principle of the present invention, & lower
energy density of illumination is applied to the area of the nozzle
plate, such that the energy per pulse previocusly applied to nozzles
26(a), 26(m),26(z) 1s now applied to the areas 28(a), 28(m), 28(z);
and the energy in these areas is focussed by a suitable lens system in
each of these three nozzle axes to form the respective nozzles 26(a),

26{m) and 26{z) by direct ablation without rocking but using a

suitable form of beam.



The nozzle taper angle) noreover) is not constant. It depends both on the
nozzle plate material and the density of the radiation. Thus, the angle
between the wall and the rays is relatively large at | ow energy density
near. the abl ation threshold and :.s snmall at high energy d2RrgANUXRY 2082
JANUARY 2003 - |j a One reason for thisifiormation of the taper angle
during ablation is that at a grazing incidence a significant proportion of
the light, instead of being absorbed, is reflected, so that the edges are
etches at a slower rate as the depth of the hole providing the nozzle

i ncreases. Evenlatthihearngrgenenofthhi giedavueaceudnermgyyr derslis.y1$ hexdueediced
under cut (which equates with the taper in the case of a parallel beam is
about 2-3 dvégeebactos efirtméralbad®f-f ot tthe famentideorrhef nuapery efreedes
undercut taper angle is that the etch depth per radiation pulse is Found to
reduce wit HhiagcteasifAgctrapt hooforthe nenzdiee shell @spdf t)cdrerrs agtation and
medi um fluence. |If the reduction in material renoved is associated with a

| ower i ng i FAHEPHHGE GRL RS PEYILHT POF e iat neFre-endb tHim BRE tHe%etrhed hol e,
reduced undercut occurs a}%tgg samﬁ time. The main reason for the reduction
per pul se OfSERBENTE BPFINENG° B REY batadnt rnethaucsieshdte Holtg #9581 i eved

to be absorption or refraction jn the plume of ablation products. in the
hol e. Furt héfel’r])a%il%n'abﬁ'afi‘écrceeésﬁ‘éi STPBT T By U PaFAtS é’llag% FeE P pPORE i s

concentrated whjch fur%her Lpcreases th absci)_rpti on in the plune of the

i nci dent hi G eRET G W T CoRsequent > detrea5e i n the taper angle. In the

case of the appﬁé@é:‘hﬁngfyf iugﬁﬁgn%’(d@reggsc—hb(l@cm& grt]ztﬁ&g%aa&g'al%egiuée'&emg&zz' €

conpared with t geonBiTic l'e o € inci eam W |'T "bé reduced by

2 to 3 degrges Jf 9L, hi9l b Glodent enelgye. and PYs 2RYLMN 10 1P 1@ndQ J:0 15

degrees for |ower energy, depending on the nozzle plate material and the
aspect ratig0febNSeNAAZE GinkNpFAAINE @) tnk NEmReaM IR i pdr nadiation is
transmtted through a circular aperture 7] in a mask 74 by way of a
convergent 1@s1$8cdd €b be 2AcIAMNMARY 20031146 ra0e6MRIFES0G NE TARESISUr 6r and
is shown as a piano-convex lens. In practice the lens 88 would be a
conpound comvergenindfansure tiegae( 418caxptdd Ipheidiaaloraber exd icosc adrd ther med
by material which would transmt the radiation w thout appreciable

absor pti on. addie¢ibeainlk0s camiesgetb e théudeeinby 88 fpassesff 10&t t hr ough an
aperture 71 in a mask 72, the aperture being centred on the optical axis 80
of | ens 88) andThherssabtierf tdhregymtd acdowersgéedcrhbnd WAShdresfrosede coarnal |y
with the lens 88) which is shown here as a pi ano-convex | ens but which in
practi ce wozrlseba redrpenard teohi@imgsnd dwhd - f oin thés sekhod espsbnnerzlgi ven
in respect of lens 88 and would al so be made of |ow radiati on absorption
mat eri al . TheFUedcBE e PeBBAh N8R M@t T 0he WA 8ariordt Feehé?2zl e
plate 70. The incident beam delivered by a Wexciner |aser h a di vergence
but this | SOBGHERAPT y 57N oS8 FRaT= RE™F ddul PERFaRD IS A7 ALC B8R ngl v a
layer 86 is;placed agai.nst the lens 88 to in r%?se o the angle a the.

di ver gence 0f THE Beam el et 1t $% AEBTRFEF thiPs TR FAYET Ty b6 5

ground of ebeliad oSUS A el ! MR 1ML CONLALR! 1.8, TRAL IR DAY N il abl e
| ight scattering properties, such as a colloid or opal escent material.
with a separate mask and lens system per nozzle, and has an energy
density 1in each section of the nozzle as great or greater than the
ablation energy density threshold for the nozzle plate material.
Typically the nozzle plate material is an inert polymer material
such as polyimide or polyester, whose ablation threshold is relatively

lower than that of ceramic or metals otherwise commonly used for ink

jet nozzle manufacture.



., One objective of a direct ablation system providing projection optics for
ablation is to enploy the incident photon energy as efficiently as

possi ble. Accordingly, it is desirable for the beamenergy transnmtted by
the mask aperture 75 and focussed by lens 88 to be evenly22iJNUARY2§08ver
the mask aperture 71. To this end a degjgg of divergence a is desirable

whi ch can be defined as the angle subtended by the nask aperture 71 at the
mask 74. 22 JANUARY 2003 - 1~ Rays of the beam of incident radiation are
shown at the periphery and centre of the beam as having a divergence angle

a at the |lens 88;gieagedndis the 4a¥8E0BH. sEhedmdYsr adnet RE SQNUH A chdie
beam di verge at angle a fromthe lens to occupy fully the aperture 71 in

the case whggg chiheahat E@rof khei dcrdcar atidish dfieenayFiatict he sagkd phaery of
the beam are bent by the | ens through the Focussing angle 8 (see Figure
5(c), the vaiie setridiisChn A%onbifdAiiBoddcF gd.e 5(b), is given by: 6 ~1
1~2 a ~1 + ~2 2 where ~ is the angle which the outer and B is the angle
which 1 2 the inaethexxt femidey , oOf nddd@ngi mengedegrehi pheinglkzy ayadiati®@y is

di verging by the layer 86 and focussing by the lens 88) makes with the
optical axi sppllirdt b 2 waylks F2heidiwsrchgesh poerplver 86 rayopasses Tharapeghuznd
fully occupies the aperture 71 in the nask 72. After passage through the
aperture 7154tdvereayendsf te Hder adenituren Helarh, 188 @y ecroibher gt Faguth@ .| ens
79. As is seen in Figure 5(a)) the rays at the outer extremty of the

di ver ged pefipireshl drarpsapia CAECHEMPOFK r adi a8%loh PR ntirdedt 1vrethhe Iépss 88
pass, after focussing by lens 79) through a point 10D (see Fig. 5(c)) on

t he optical S8t $5 frlhet AR [FGCAREUGE, EHSE dFvet @étt%sﬁeﬁtté?%ég@tf i face 82
of nozzle plate 70 to define the inlet of the nozzle fornmed in the plat.
Prior to i nf8FE&ctidh 2t He BPoEATTURT100, these rays intersect surface 84
of the nozzle p%%te to define the nozzle out| et. SO ys at the inner
extremity of the gi VEg&dS P8t FShaPHICAFEY ST AEFYRST oﬂ“{gngygﬁmpass after

TOSUSSilqg belfﬁ‘rizgltfyh989r563a88i§§ l%ggtég1akhghfgggageﬂeighgg fg§§%¥¥thgOOE
the exit plane 42 of the nozzle plate. In order to control the size
of the nozzle ablated in the nozzle plate material 44, a precise
optical feedback system (not shown) is utilised to control the height
of the plane 42 relative to the lens system 56;58.

Lens 56 is selected as regards its position, size and focal
length to focus light on the axis S0 at a level 62 as indicated in .
Figure 3. Consequently the incident radiation through mask aperture
54 and lens 56 forms a cone corresponding to the section of nozzle U0
shown in section X-X of Figure 3.

At the same time lens 58 is selected as regards its position,
size and focal length to focus light on axis S0 at level 64 as
indicated in section Y-Y in Figure 3. The incident radiation through
mask aperture 54 and lens 58 in this section accordingly forms a cone

corresponding to the section of nozzle 40 shown in section Y-Y of

Figure 3.



.axi s, Pram whi ch they diverge and intersect the surfaces 34 and 82 of the
nozzle plate 70 also to define respectively the outlet and inlet of the
nozzl e. These rays further define in their passage through the plate 70)

t he bore of the nozzle, The rays which are incident on the22 ¢aANUBRYAR00De
optical axis. diverge fromthe |lens 88 Bhd thereafter fromthe aperture 71)
and are incident upon and focussed by the lens 79 to Locations or. the
nozzl e outlet side of the paint 10(i and therefore pass through the plate
7th at paints within the nozzle bore. Thus it is apparent that the nozzle
in the plate 70 ¢aht e §prdaned thyt raayddatiadhery @ fwcPht it ReZxleniseaesf r ust um
extendi ng between the apertures 75 and 71 of the masks 74 and '72. The

coni cal fFERtRfNIPEReherefbte BP RRPYOFUE B e79NUGH BHAHE WPRhH AOREtIRSEz| e
and apertures and 71 are accordingly resgectively conjugate wth the nozzle

outl et and*FAt P9 REYRESsEFTLTEE - 848 rdl BZ U FRe & EPRT etz 2fethonl et i s
r ef er abl made. rec ular to mat t he shape of th hannel. with whi ch
!tohe nozzl )éLOE‘é?ﬁﬁﬁlﬁi 8%&2‘% i s“terfahapge&ffgebyoﬁfs%?e‘ilsc:agr%?néc‘r 8b1 Y6 rcul ar .

This neans_that whi.l st aperture j5 is .circul ar rture 71 is rectangul ar.
As has beesﬁsg?ué‘t &dj T6HE g ?le%%lﬁ\yjes%?peéi a?zrz;i& C%‘bﬁdg{%feogogmfgt'em provi di ng
projection optjcs far l atlon.) set | oy. t he_inci t o] nergy as
efficiently asAlps(?s's?b‘ng{.% g%:%:%ér}(ﬁ ﬁ)él {/)en%{@ Séé/eggs?]?%%\ eg§%¥oyfegy%$%§gef%9have

m ni nrum b tLer far._a i p. he imncj dent radi ation
ener gy asacﬁl%i ?%%ﬁt“% %%ﬂ;gggﬁblleglpnﬁ%ﬁrﬁg}l%%?giéﬁo?%g%giger%geévglgf }Jﬁed by the
angl e a andiatn{ h@asaidt 588 d O RYUPLS 1SPERAYRE SAdhat bQR LML P RAM! £%Of

di vergence outside the angle a which will. not be focussed into the

f ocussi ng 188556 %ndl toMeqhieR€ly e2BesMNcsAl a)igher dneBgy @dndeBy drhat the
angle a is determ ned by the nozzle cone shape and al so by the focal |ength
of | ens 7&adlheiddi shancerbesgeen hhecemper tabi@s e 75f andsidg itheefpiahréd t he
Focal length of the |l ens 88. The angle of divergence a will vary in the

ort hogonalrasieati@nenXeg¢ d@rdsyeyy iisnatderdiagyy ehokén tfloe harzl58, as is usually
the case to match the section of the channels 17, has unequal dinensions in
the two secti obhs.willf sldd broremllisgdoriat bee pessebl 5 fod Fheidl ver deakle of
the beamto differ in the two sections if the layer 86 is suitably

ani st ropi cto sogeifEcEnt rsgheattik eberheticayetf 8®ewi 1e foumgd wshavawnuni f or m
properties in the different orientations. Due to the divergence )

char act er i GasEanRAtisphtY iivaFigmras Daprd Uséd the €pee FyarsiBBlectiRsared wit h
its ideal divergence properties, together with the other sources of .| oss

i ndi cat ed HhaVeld (ePe2RAATT2GRRr & FORIRS §OHHEEN0FS i e OBhe 2Rty FIP®
return for_the_. i nproved geonetrical . ac uracy of tge nozzl e prg)fihle

provi ded by 35BF8T i On “U%i Hg "Phe %‘?’F%SEF n‘éfﬁta 5P R 0r €585 6 ()" Fi gures
6(a) and 6£emsei le tb[aaggthan gﬁggc%&ed Ocptlllrcxzdlecrz]ﬁ J§x¥8tc g}c?aglcfeOLiJhOQ L ng
five nozzl€s Whi CH are UnlTor y spac%la ver the Iengat% of a serial H%i . €.

shuttl e typgs RULOLNGRY: 32 0180 d LAl PILIY Qlrrdld BN/ bue

nozzl es on 0zzl e axes as In t e print 2 1's 1 ndexed through

one nozzl e,pidel Andnaafdy tclaﬁfnezfx§é/t%sn?gxﬁls%§e_@{cealt beg-feip8d. This operation
is then repeated until all nozzles of the printhead are fornmed. The optical

axes of the | enfesShsed B e sRACEIRE sl IdkBL@lcutiéd iqdnBokdnct he
spaci ng of the nozzles required to be forned in the nozzle plate and the

nozzl es ar eyfeOtABE ddy 8e NtHHARE At Tndgesr @Quas due bhed ofukiliplae and between

whi ch the indexing of the printhead through one nozzle pitch takes plats.

22 JAN UARYaid33e; Zcium fluoride or other material suitable for use in an UV
optical system.

Further sorts of lens such as grating, zoneplate or gradient

index lens or lens systems may also be used.



It wll be evident that if the printhead is an array type of construction-
'-spahning a relatively greater wdth than serial printhead 92, then the
integrated optics array 90 nmay be correspondi ngly w der and incor e a
correspondingly greater nunber of nozzle axes. Alternativéd -}ANVAH%E@&
production systemis one where a |arge nungher of serial printheads 90 are
traversed end to end through the nozzle ablation system) then there nay be
a substantial nunber of integrated optics arrays side by side each with
five (or another suitable nunber) of nozzle axes so that each integrated
optics array is ufgdhilR ahlate-2:6anbesPoRdsngs RuLNNead). alkessyhhgh the
printheads are renoved and a further batch presented. In such arrangenents
hi gh energy &adiaatioieaany brapr @sanked-d 0 ardenpabens ofq.RAzzies kA
parallel. In W91/17051, assigned to the applicants, there is disclosed a
nozzl e form pgii@skauelhe Wilc@gERd 6hd@Rti &S 1888 ahe 9 afcuFé gur 88 &A% aauh (b)
is one possible formof the aforenenti oned nask. The base of the array 90
i's thereforeofradgubds Of and MALEr héd ,1nSPHEL: AT eStdplefeIGf cliaiazed WhoSe
t hermal expansi on coefficient is |low, being substantially matched to that
of piezoel echtdardipglyr itak dsiel bAblanceRYd3edf ramathbc hlthecfartient ieadcO2od S
formed. The base is also of a material whereby an alignnment mask for
assenbly of X#e andnpohent Fimrres3 diecanearsmaypaproverhead abave béemade b omrtehe
sanme material and in register. The integrated optics array 90 of Figures
6(a) and 6(b}yhats “shbdubewprediptedsiromheam G iex prseding the Yhgyrci®@ntwhi ch
causes the divergence of the input beamto be increased. The input
radi ation i sPeHeRSt FaHdArteed The cirgreeath sereahdepemtisvPaudle 6pttaar
systens by way of convergent Iggs 88, apertures 75 and 71 of masks 74 and
72 and _ zPetwess SHNGRRYERS03Y cHMY PG BRFALYsi®m Fosmapt 4EEBI YL thi s
system 79 takes, zone_plate farm having nmasks 78 deposited on opposi ng
quart z surfaég‘i%tl?ﬁélcﬁ?ﬁ\?é?ﬁﬁ &Y stent'79 ttoné?%%flfgﬁﬁé%“t he radiation

into the plane of _the nozzle plate 70,.of the prjnthead. .Suitably). the
system 79 and m§E’67§prce§§ BE 1848 dév?fﬁerﬂcﬁh‘é‘lr etE‘Fh Oﬂf’%e“ccor‘rﬂo%lgtwde%ﬁ
the parallel tical systens formng the array, ln order to €ens hat the
f ocussed radfug idoﬁsi g a%e he' ctgﬁrce% uﬁ&gah&frran%rmaetnfi llf&é?éi%ggi ﬁ{%é%at ed
array 90 is gpynied on position control actuators 94 and 96 for vertical
and horizontal as well as rotational novenent. Typically these control
systenms maintai nhBespazsl gedRli6E@NERS FEMNNEH {OFrenRYr ¢ {Nahskbd RAPeration
the ink drop velocity and volune are within defined Timts. There will now
be descri bedagsunptebn Ndzl ehsSiouelairalvhbehcan R apsdOddcesh.ushag nmet hods
in accordance with this invention) or in other ways. Referring to Figure 7,
there i s shogaomeumdal ipprdfhhslof2@be timat dean dadi stilast | thit edactifcer exaepre -
for the mask 72 in the arrangenent of Figure 5(a). The mask 200 has a
circul ar aperture £2084 bl they eezebdivalllvandor2edl aaneh angentredltive ¢o206:
When |ight passes a mask of this formand is used to generate a cone of
radi ant ener g¥suinasbl &t froe ¢ires| ef aileatipoidens beamuetely ehps fheoddtled sas
shown in Figures 8 and 9. The nozzle bore 208 contains three radial_ _webs
210 whi ch suppetifigaensdvarngerrur1po mevidebde2desigd taRerpi 22 Yoder in
transverse dinmension generally with the taper in the nozzle bore fromthe
nozzl e inl et 3P ¢ & P%’"ealtlr(?izl'l"egk‘oﬁf‘?’éﬁ’y Pe8n PHEGEH &8 LAHehe FEEHCRT éim

Figure j(a), the angle of taper wll vary. acrqss the mask as B~xI R and
B~2~. It nusfOafth “B&ch ¢€B5h slé’d%ﬁa?“teﬁél%rh et PEAR nozzle which is

ablated is not identical, wih the projection of th as a f as -
anong ot her things g n%?Zlda'l ft%?%%:talngn?' m‘“"?‘?"e_“ 'ZQSJ'KﬁU%%BB T% ngﬁl” be
seen that th ' ng,.:0-€9S 0 cexfrengds fulh e i the
nozzl e exit %Pgﬁg‘s{ ,th\ggs ()z\r%\n%gi%ﬂf%gg?téegﬁ%gtﬁ@%?g df'i“%%ferrri nat es shlort of
the nozzle oyhlet ZL6aREQVEIENEA REMAA! ah@NGe21d ML Che1281 d OS5 15ARAN 28
nozzl e outlet diameter Xn distance fromthe nozzle outlet plane. The webs
210 ere sim hayl hezldly BAEK cqNcbdrl the SadARObE Mhrebin1A06€1 LRAEad1Ne ak AMER? 1S
is the foremast part of the formation, in the direction of drop election
arrawed at 223erdheaiehanche2l.8 serves an ~. nportant functa.on ~n controlling
the tail



,of an ink drop as it ~.s expelled fromthe nozzle. It ~. s well understood
that x.n the formati on ana eJectxon oz an ink drop, the drag rentans
attached far a cans~.derable period to the res~. dual. neniscus in the
nozzle by a fluid ligament. This extends progressively andRAJANGARY 3003
breaks off at the tinme referred to as drop break-off. If -- as is likely
with no special precautions - the ink nmeniscus is wthdrawa into the
nozxl.e at drop creak-off, then the tail. of the drop may tend to be drawn
up the concave neni scus surface onto the wall of the nozzle. The effect of
any such attach@entreasort Herdrloys tfartationt e thez zheesvabblatddrrieakamfeft row | |
be to give the ejected drop s sideways "kick" with the consequential risk
of error ~.i§ thet ditop $zaFfdragiposerior sTansfisaobl ryarersion lofsthatldgntn
Figure Ig (e~ In accordance with this feature of the present ~.nvent.~on)
the |and 21’8s¢8at rdl et 2PEPROafenit & ciRd lrAtadic Hoathily thhardaehe2B® &§ched |,
zs centralised in the nozzle at break-off. ReFerring to the sequence of

Fi gures 9( #F LoSHMET, rafe | Frederthreft thReN sk PREMEEEs S neftbhded unti |
a drop zs fornmed which is connected to the body of ink remaining ~.n the
nozzl e by af&geFTs" 4§V?rhéltpé?e~.eﬁ‘ﬁ€?‘§/e S PREN SRHenFRFNSEHS qeé‘ts%g%t?e~. nt o
Che noz~le bore, the tail is.held captive an the la.”».d 218. Wth

cont i nui ng BXPERSIBIFeARY dVﬁ%%%te@“BFg%lk’ééf‘fgb? BRET drofPe <25228° 32 JANUARY
2003 the ri S§£§e£ t%%&gn{lops ragcg{ vi'_gg 2 seiedeways kick fromcontact mth the
nozzl e pl at’ei’s very ch Fedliced” AFUrther advant age which the present

i nvention orondgs. = i | C i L here
~s a reduced Ii eﬁ%gggn%{agélﬁa kggpf%tmgtg{m ?or?k%hgiItnegqugétc:{%gﬁll‘?%équ%ght
surface of 118.npzzli& cPLiad @cchtqdlich @@éﬁ;gﬁééf}@buiée the {;@Ad 8 rddigodr op
is in contact- with the nozzle wall at break o , any small amount of ink
whi ch is nop;i @ ane-dLuaE diddichNo t h@iet Abdz1l0Onb Ol Bathec8leel etk dQPand®yY
remain on the front surface of the nozzie pl ate and dry. Such accumul ati ons
of dried i nfed3fmt hBudt@2Z| &Pk ErGRB i @At Q2 €HQR1 PFAGRBBNM s &IskeE SataAd
eventually to nozzl e bl ockage. Since, in accordance with the present
invention) wivh haidwedfinghih dheppidotietdddltysef-iatinBr aaknef ot w@ayo s ohkl
amount of ink which is not drawn forward with the tail will remain on the
central | anetdhedr ppla.nrededdodydeifcutnécarishan tHee sang zliee on Theemnabxt
forward novenent of the ink neniscus. In a separate effect, the webs 210
are bel i evereasyns Eow aeheheedycsfioh dametlon odf phatvinki trmiyingks ke ngrttoni n
the radial direction. Unwanted transverse oscillations of the ink neniscus
W t hi n t he abZAcectHimdendkeisobstiared tmder absgurdian operaf FarFienth t4hens.
These waves travelling across the nozzle can trap air pockets leading to
probl ems wi RHASUBDI L EEROT RECRRKES HR FRfhiTGILEr nFUFEBRR 16r 2t FRRFIPE F AL Rk
novenents, fhe present invention reduces the likelihood cf problens arising
Wt b bubbi Lo e Bt ERF BUAF i PPARy GHENbLEIE &5 piHHBPOUT Fing " Fortr St | ang
whic:~ is set rbacksat'no%gl e _di.anet er.ar | ess Iér m t he. o%z}_\e houtlret %quh
thre angul ab1§F &S558 'S APPEPTRY WbIFEy Raussy © /' “onie

oUt°s 8" 5HIY “ohe® exam/fe "of " a

consequent decrease in the taper angle.

In the case of the apparatus of Figure 3(a) and (b), the taper
angle of the nozzle compared with the geometrical angle of the
incident beam will be reduced by 2 to 3 degrees for high incident
energy and by anything up to 10 to 15 degrees for lower energy,
depending on the nozzle plate material and the aspect ratio of the
nozzle.

In Figure 5(a), the beam 10 of radiation 1s transmitted througn 2

circular aperture 75 in a mask 74 by way of a convergent lens 88 which



22 JANUARY 2003 - 24 formation within the nozzle bore whith can serve to

* control the nozzle ink neniscus. In relatively mnor nodiFications, the
nunoer, thickness and angul ar positioning of the webs can be varied t

optim se the perfornmance of a particul ar nozzle or nozﬂe?%#ﬁ%yAR§FQ¢%ying

t he projection geonetry, the distance w@i%h_the central. land ~s set back

fromthe nozzle may be adjusted. It is bél’i éved to be preferable for the

anount of set-back to be not greater than about two nozzle dianeters.

Whi | st the described nozzle structure, with any of the above variations,

can conveni gl becd QUERR-HSERG, JTBLUGAS a3 flarel AheLar g descr] bed and

di scussed) a range of khown nozzl e manutacture techni ques can al't er natively

be enpl oyed, . Fhus.t e RELOT8ELL ) AR aa&!m%gg@ &ﬂ%{(&%i d %gb{gngﬂen&f

EP- A-0 309 146 nmay be adapted wth the use a mask as shown | Ifgure j,

to produce @ ,d1QZz}ge iR 2ACLHAAREEN WinkiNrded BPRECE- A1 LREcH RVED 11Qnsdat
thi s approach, the mask woul d be enployed as a contact rather than a

proj ection pRskadlheiA0WABRAGE app d abefBdfR ot péilonN0zzl € formation was
carried out fromthe nozzle outlet side of the nozzle plats, so that
nozzl es can be RFaenbshmfibeto@rdeddby0khé NRnBOY IR spéatlfers® dhteukody of the
printer. If this is not a requirenent) other |aser ablation or
phot or esi st ahasedempNunaat niding 2t ectneferesireareing eaplredesh wihkhosiiichabl e
masking. A further alternative nozzle manufacturing technique resulting in
a rather di ffker &0t of oremat BON amidt hherdalieemnanzbegtbhar eonweirkbnhdwnberdescri bed
wth reference to Figures 11 and 1z. 22 JANUARY 2003 _ z5 _ Using any
appropri at edi seisedqoeaxifedly exiapltee | l@ser8&bivhidron soshqwonhdeamsdei | i ng) sl x
inclined bores 300 are formed ~n t::e nozzle plate 302. At the inlet face
304 of the A&IFH-EpYet €enfheihainash 3@0rarerisquiarddept |3y copradied eAMVErEDMON
radius. At the outlet face 306, the bores coal eSce to fornga nozzl e outl et
308 whi ch caffihdCSebhf 156RBer$HE AT AIGpR BT reFResdl Pf psds. 88 @kt ¥iytdt Ak Dody
a central land 310 is defined with_s orting webs 312

of the nozz|le plate u

of compl o PErACR! fF offet SEPLALST EROTEOH R AR e 71 Bie £RE S0 and
webs 312 fungti nti n theﬁhsame ﬁirann&[ as kI]and 2%8 ﬁnd bs 210 of the

previ ously d8Sct T 0ed®Ehbodi ment= C1Y” W'l Frp&ratodnfi®d that the combi ned
nozzle inlet areg, Jt_)[?é n&ntchgeésmu%legg etrQQ ﬁ);eaaﬁvogxctigg bl%rsgf 300,as projected
onto the nozzle inle JTace) S graner t han the Nozzl e out et area, neeting

the funct | onshe ALY QPR 0112 EABELNI0NAZELE, HANCHS Logathabarganas an

inlet which is smaller than the ‘compn hi's nmeans at an
particles i ActhHRiingky WiitGhear & liar gL RA0NGN N MHOGknd 18 097zl 44 gt are
prevented formentering the nozzle. The nozzle structure can thus be seen
to conbi ne the driAkUsetheOldidetiRel HY tREZ8 L ARELRRnRaHdoChge RipktQire.| N
fact, this feature of filtering out particles in the ink which would bl ock
t he nozzl e Guis etayecamab®eproyidmd o edched Zuefstecbras thhat fidmowmtaining
Figures 8 and 9) by appropriate choice of the mask di nensions. The

descri bed maf pédibor baviorr lseitarichéiprtodaseteniss ropehiigs, esigrigpsbeam i n si x
passes with the angle and position of the nozzle plate being increnented
bet ween passesloifhereondldscent geategisl.cases 22 JANUARY 2003 - 26 be
advant age in conbining a nmethod such as described above in relation to
Figure 3 or Fi gline Bbyestivesof e sdirapprabiehionPsys @ie BFEC-I8 AT9IEGE1ERp| oy
in place of the projection mask shown ~r. Fro re 7, a pro~ecticn mask

havi ng a sePPEs“DOffPrsaflatdrr hol s eBRRAYaRlE | e JepRER P LAY &ofion radi us.

Still further .alternatives wi|] occur to the skilled
eff?biently as possibie. %ccording vy, 1t is desirable for the beanm

energy transmitted by the mask aperture 75 and focussed by lens 88 to
be evenly distributed over the mask aperture 71. To this end a degres
of divergence a is desirable which can be defined as the angle

subtended by the mask aperture 71 at the mask T4.



man. . 22 JANUARY 2003 -27 rr a Tr,ac 1. The nethod of Form ng a nozzle in
a nozzle plate of an ink bet printer which has an inlet and an outlet in
respective opposite faces of said plate and a bore whi ch extends through
said plate and tapers in the direction of said outlet, sai22dANUANRY 2003
conprising directing a hign energy beamtowards a face of said plate in

whi ch said nozzle outlet is formed and_fpgusing said beamso as to generate
the nozzle bore in said plate with the desired taper. 2. The nethod cl ai ned
in Cdaiml, characterised by focussing at |east sone of the energy of the
beamto a point towards which the nozzle bore converges. 3. The nethod
clainmed in Caiggyd oF tHeabddr)lrChadaGher i &6thchyn fLGUSSIIY atatik PeAIPHeRy t WO
mutual Iy inclined planes each containing the beam axis towards respective

| ocati ons dihspasedei 6f rokatdLn akonsaing Rl &wrgenas shgl€alise sl dehed® to
diverge at different angles fromsaid respecta.ve |locations and to have an
optical pathettyioughrisaindyet Be sueh dafat at debeaivrgenerakesedhd: neppzl e
bore with the desired taper. 4. The nethod clained in daim 3,

char act eri sedafyledbSposd mie Skdnd nutasdupy fulkdlyl neel gpleanes: gt tn gt @@l es.

5. The method clained in Claim3 or Caim4, characterised by disposing

sai d nut ualvhgre nolel hedcgyl asesioithathiiheythantreysest the argivhervaxf sthef t he
nozzl e bare. 6. The nethod clained in any preceding claim characterised by
form ng a plearatie pent Hyvi kbe nkersl eBroyghsghe foicaserdsy apekndl asendickre
.nozzle plate "e?ati~~ely to the beemafter formng a fst nozzle so as
mutual |y t ®{cocathe vabue oferiidri @sthe pla:e to enaole f o: motion o f the
beam of a further nozzle. 22 JANUARY 2003 - 2a 7. The nethod clained m
O ai m6) chdradt B EUEHRP PEPLatiedByveY 8%l ating the nozzle plate
relatively to the beamafter formation of said first nozzle so as nutually
to locate t%:é& bEam ant 1 h€ pfatePto’ bl e formation of said further
nozzle with its axis parall el vviT‘h_f'h?t'—Gf the f;rst nozzle. 8. The nethod
claimed in Caim6 or aim?7, characterised by formng a series of nozzles
by repeatedly translating the plate relatively to the beam after each
nozzle is fornmed to the | ocation of

where B is the angle which the outer and p is the angle which

the innér extremity of the diverged perlpheial ray (after diverging by
the layer 86 and focussing by the lens 88) makes with the optical
axis. In this way, the diverged peripheral ray passes through and
fully occupies the aperture 71 in the mask 72.

After passage through the aperture 71, the rays of the radiation
beam 10 are converged by the lens 79. As is seen in Figure 5(a), the
rays at the outer extremity of the diverged peripheral rays of the
beam of radiation incident on the lens 88 pass, after focussing by
lens 79, through a point 100 (see Fig. S5(c)) on the optical axis.
From the point 100, they diverge to intersect surface 82 of nozzle
plate 70 to define the inlet of the nozzle formed in the plate. Prior
to intersection at the location 100, these rays intersect surface 84
of the nozzle plate to define the nozzle outlet. Also rays at the
inner extremity of the diverged peripheral rays incident on lens 88

pass after focussing by lens 79 through a point 102 on the optical



t he next nozzle to be formed. 9. The nmethod cl ainmed in any preceding
claim characterised by passing said beamthrough an a qq_ﬂ@%l mask prior
to focussing thereof to provide the beamw th thex -section which said
Focussi ng system reduces substantially to the size of the nozzle to be
formed. 1Q The nmethod clainmed in any preceding claim characterised by
enpl oyi ng as the high energy beanga-pul sed Wexciner |aser. 11. The nethod
claimed in any preceding claim characterised by operati veg/ %ecuri ng sa~.d
nozzle plate on the printer prior to formng a nozzl g, tder 12. The

met hod of formng a nozzle in a nozzle plate Suof 2E7 |nk j et nter)
conprising directing a high enefgydeed towar ds sai dlé’tozz¢éng‘f'at e) the beam
passi ng through beagp aner@ r‘?ﬁ means prlco;e\tjomehﬁ ngerrent thnergof on the
nozzl e platg) g) wehet atteri sed IB hat re2H% “beam i n adv%gse\:rGP“éal d convergi ng
nmeans akx® passed sequ?@adalty’ rough first ﬂar;mtals?eﬁ%s’nd spaced apertured
masks, thei s peiafF apertures @ Qb wie feR% ar e conj ugate through the
conver‘g}en@ nmeans V\/ltz,%‘ Lherao6t %t and the inlet of the nozzle formed by the
beam 22 03 13. The et hod according th@qu}za’(v\her ein sa<d
oeam i sﬁdFrect ed at_thef age ¥ the nozzl F .4 88e*tont ai ni ng ?meaeut | et of
the nozzl e_angl, wher¥in the Nozzhend ape‘i' romthe jnleketot outlet.

The net st cl ai ned | 0 & atmifs” or Caim %%ﬁgahﬁr?aé?erl sed bZ digposi ng sal d
mask aperturgs et 8aid conver RgerEdYS coaxi al | Y Wt hort 8 rozzl e bore to
be formed by said behaennedxq 88THe net hod c| aflgms@l 1PR*Eny one of GLaiths 12 to
14, chargc\gl%rbsmmby provi di n?chg |ch°a68? ures of t? @sl%§e ach of circular
form 16 e met hod gk aiosed>T n any one %ffoﬁ @kf® 12 to 14) characterised
by provi dj di&m g*dperture of $ah carge® UHd mask of a different shape from
that of tHe aperture. ~Ofnet BeLTY rst mask.

can V€
outlet % 10 ¢



A7. The nmethod clained in any one of Clains 12 to 14, characterised by
formng the aperture of the first mask of circular formand the aperture of
t he second mask of rectangular form 18. The method clainmed in Claim16 or
Claim 17) characterised by formng the aperture in the sec2hdANBER 0.1}
rectangular foamto match the cross-section of an ink channel of the
printer at an end of which a nozzle is td%eé forned. 19. The nethod cl ai ned
in any one of Clains 12 to 18, characterised by introducing a degree of

di vergence into said beamin advance of said first mask to increase the
taper angle of, the

b formed by the b 20. .Th t hod cl ai med

Ol m 1 AP S R By Setiog RO HOA REaDE i 4ig  nEale 8T b

sai d divergence. to th§oggqun21. ﬁh% nmet.hod g%gined i n ain11%hor Clai m
makT ng

2~J, characteri S&d B ERE HngFEs of° be ivetyence equal  'to the

angl e suot end t fLrsht . k gperture by.. the second mask aperture.
- 30 - 22 Jﬁ%%ﬁ%giﬁ "‘E!i.%"rﬁga oot r‘%é?éal~r%eﬁﬁ§“ c?(r%eg%%n§~§§' 12 to
2' , characteri 0 go 1 eb t) gh e fd n Py, further
be5n1converging%ﬁgdﬁéﬂ%hgysggépg?%%bthggg]mgggﬁgbéﬁglstkﬁgédggggng%rbetmeen

the mask apert uhesy-23n The JBthod of fOriH.0g. 2 Sellqs g1} ik RRZZzlgs in a
nozzle plate of an ink jet printer, said nozzles each having an inlet and

2n outlet ipa@PPeRLtfJtacfSo0khsalih-Rbdt & AN BREEaDRLWERE: R dn | dHeet

two sections. It will normally only be possible for the divergence of
the beam to differ in the two sections 1if the layer 86 1s suitably
anistropic. However, in practice, thé-layer 88 will usually have
uniform properties in the different orientations. Due to the
divergence characteristics of practical materials used in the layer
86, compared with its ideal divergence properties, together with the
other sources of loss indicated above, there will generally be a loss
of incident energy in return for the improved geometrical accuracy of
the nozzle profile provided by ablation using the embodiment of
Figures 5(a) to (c).

Figures 6{(a) and 6(b) illustrate an integrated optic lens system
90 for forming five nozzles which are uniformly spaced over the length
of a serial (i.e. shuttle type) printhead 92 of an ink jet printer.
After forming five nozzles on the nozzle axes as indicated the
printhead 92 is indexed through one nozzle pitch and a further five
nozzles are then formed. This operation is then repeated until all
nozzles of the printhead are formed. The optical axes of the lens
system are thus spaced at an integral multiple of the spacing of the
nozzles required to be formed in the nozzle plate and the nozzles are

formed 1in a number of stages equal to that multiple and between which

the indexing of the printhead through one nozzle pitch takes place.



and said outlet which tapers in the direction of said outlet, conprising,-
“directing a high energy beamtowards the face of said nozzle plate in which
the nozzle outlets are forned, interposing in the path of said beam a
plurality of parallel optical systems having their optical2dANJAREBEARG at
the spacing of the nozzles which they forgy _each such system having first
beam convergi ng neans in the path of said beam mask neans fornmed with an
aperture through which passes a substantial part at l|l-east of said beam
after focussing thereof by said first beam convergi ng neans and second beam
conver gi ng meangcbeivees saiddnrBskadreanenandifaidhdpiats borfPaise Sai d beam
So as to generate in said plate the desired nozzle taper, and enpl oyi ng

sai d syst enBotsxrhiotmrs abanmiozz beselatidel Thaeaeéhad deh ainmRdsé 2T aiRtRSad
characterised by introducing into said beamin advance of s aid nmask neans
a predet er nhpedhedegree 10tegitarerdgemciess artdiaidli may dehcafresaotd ot iy calder
systens the beam aftzr convergence thereof through the first beam

conver gi ng aednsichobdnarece upiresspdreliagey tareacen rumeemask noeans ax25b. The
method clainmed in Caim24, characterised by disposing in each said

paral | el optitesinagygtlemf utich@rodestion mesres fororedwintre anlapsr hunerant

| ocated ~.n relation to said first oeam convergi ng neans 'so that the

di stance bet®eEH PHENHFEAE PR ST6f tTdverAad kenfe4Aserginghrough3 the 2223 N UARY
2003 further mask means equals that of the focal Iength of the first beam
conver gi ng RBAHSORhEYEISP -t IRETSBRTHITEY B & HELABNK 1AL AMELERACF drteErRtRhskK
means are conjugate through the second beam convergi ng nmeans respectively
with the coPPﬁk‘g%ﬁaF%S ﬁbg‘iﬁév SAPRtead" bt 1fdve ¥ 29RESTef WotRbe? AHFEEE T n
any one of Clains 23, 24 ancLEZtS characterised by di sgosi,ng t he itrih of

the optical CAxEEBF E5i%dS8ptiatalasy srenE 2t h Rt T AFE20rSt heeDhit AP18Fe t he

nozzl es and form idn l.es .i n_stages. at ,each .of whi ch_each system
forms a nozzl gg{gﬁgggifl\ﬁ%eﬁgﬁﬁhg dt haefstﬁgzg?lecq’plta? ralﬁgh?%dé; Sﬁ?irggfv%d;s céms
are relativel y. i X y zl e iS , [ gggsr Y n
equal to sai%dy%ﬁ%?pﬁ%%yp\%}%ﬁgtéhe I|51|o_t E%lbo%&gg_ %&égggi%gh gées ex%g'g got hat
of the n022|c§§-bs,2%rg;ré}@ceﬁewoflar?fe A U002 ReL1 &S i@ phidigenozzl €s . n each

of a plurality of lIike nozzle plates di sposed one al ongsi de anot her, said
nozzl es each havimngogiyi7oket 23dgada oWt ket 47p1908081 t endaCes &fscibeed a
correspondi ng nozzle plate and a bore between said inlet and said outl et
whi ch t aper siokpv@rfdsnsig Gadk! | ahp COrgRrasedGbpdiEHArag 0 BiFfghi fes g aheam
towards the face of said nozzle plates in which the nozzle outlets are
fornmed, intenpo&ingsaord poasitile dbrparfalthel afaperaalioaydtrenk . r eBeebidevely
di sposed over the nozzle plates with their optical axes extending

respecti vel yhal orrpyt B@ isxdberdfargensydy @ of & metemizdl esudho abesHdcamd)r each
optical systemincluding first beam converging neans in the path of said
beam mask MERASLF orRBEE WREREh Sxpersiate CPﬁ?@LF@'ﬁnWScHOpaﬁé@ga subst anti al
part at |east of said beam after Focussing thereof by said first beam
conver gi ng PERAERHAA S FEFARER AR CBAY S gPARR IREEAET Tre RRERAH-adal #iFERKY neans
of the corrg> ﬁndéfn% nozzl e gl ate to focus said beam so as to generate in
sa~.d corre %ﬁ di TGEpraE the RFEStheds Wez2f famaper , TRRdPHfLayTrg aild
systens to formsaid nozzles. . - 3 2 - 22 JAN UARY 2003 .i 28. The nethod
clainmed in daéfﬁ%,‘”hsﬂequyaé?eﬂlsgéﬂeﬁﬁ "?Bﬁgmf?ﬁ; BESeRPIY0 9L | BE CRMBERIZZIR
plates in Sto%g%.ﬁiraﬁa&ﬁn%ex\@!c%ﬂ pezzles -ale &aried by Lhe,cold gﬁpond' ng
optical systens in the respective nozzle pfa‘f es an etween s al d stages
the nozzl e platgs.,are i ndexed through one pitch of the nozzles fornmed in
each of the plates-) the nunber of stages neans being equal to the nunber
of nozzles forneghd Aneachu@l {h8 R0ZZ4E BbAL€FigdPles BNE) MBIdhEM: Clial &Rfdni N
Claim 27 or 28, characterised by introducing into said beamin advance of
sai d mask neans @& paedetwianl pedGogeeecDfthdi VBgesE e Whlct halusks wach of
said optical systens the beam after convergence thereof through the first
beam conver giingrg@manrsof ulHey iopetipeas tdh@ecaprttdasedi N Thherdmsk radartson 36.
The nethod clainmed in Caim29) characterised by disposing in each said
par al | el optiheal tsayrshemddirhhesgmmesakh meansef aidmwddualt bpaitcapeyswems andiay

| ocated in relation to said first beam convergi ng neans so that the

di st ance betafeennvdrzeapekansr 88, ofrerheremdl mmdifs afdeasist Herandadk angans
equal s that of the focal length of the first beam convergi ng neans whereby
the apertures of the mask neans and further mask nmeans are conjugated

t hrough the second beam convergi ng neans respectively with the
correspondi ng nozzle inlet and outlet.



'31. The nethod claimed in any one of Clainms 12 to 30, characterised by
enpl oyi ng a pul sed Wexciner |aser as the high energy beam 32. Apparatus
for formng a nozzle in a nozzle plate of an ink bet printer which has an

outlet and an inlet in respective oppositelfaces of said plgt n e
whi ch extends through said plate and tapers in the directi 82%\*‘@&‘322%{% et
sai d apparatus conprising a source of a high energy beam nea.~s for

directing a beamfrom sai d 2 JANUARY 2003 -33 source at the face of beam
conver gi ng meang S oRdEr 34° tteéll'pé%' i %r%r&bééi til"-”?ksé'tsﬁgma B%éﬁ B8RV ErtgFhg

reans of sal d.heamal.g Las.3f ARaralls, dpesaid plale Lo.hkeh SaLd

. forq, '
outlet is formed an adapt e nerate sal d nozzl'e bore w t'ci'e plate.

claimed in G a0 32),COMNAG! 9§ 1 3Qdeb ffogﬁ%eci%iggi%ﬁg%%%ggg& e TOGHS

| east some of the energy ation towards ore conver ges.

claimed in Qalnhdza pQal M3k wbalAGkaIiredsinablal el dhegmeanyer ging

nmeans are adapted to focus the said beamin each of two nmutually ‘i nclined

pl anes cont a_jd3ings tdae beardaxirs at Y@ dieFLSIRBE tdrkecd@eat tONS 10kiposed in
relation to said plate so as to cause said beamto diverge fromsaid

respective | ogataildas cprdcdlo shanmsanoophigceatie patdy .t hr ough sai d plate such
that the beam generates the nozzle bare with the desired taper. 35.

Appar at us as cl ai fecridararyy ep$uE ahas 32 {aruB4sd ghrdiacteer rsed ke tchatedreans
for formng a series of nozzles in said plate conprise neans for repeatedly
transl ating tisprate peFEEGel §het dnitmEapehmraty &0 2adiPupse (e pesitdemed to
the | ocation of the next nozz{%e to be forned. - 36. paratus_as clainmed in
any one of O $MEO32FH285) ehatePerideder iHothaArdBekl 2985%s Fordeda®i t h an
aperture are lErovi,de t hr ou tg V\/r)lich sai d eamis—ljg) ssed in advance of the

beam conver gi Ry a7e3Hs F8VBI0VI de' PhE bdaMTit A CHoSES 8 t Fom it ¢R® sai d

conver gi ng neans ,sef v r e to the size of the nozzle farnmed . by the
beam 37. App%%aztlés&é%%c %Snggé{?lnregnglo one. of k %ilr?sog?atzt6°%6%hecn§?§5¥%ri sed

in that said apRALa Usd SorMarLed wtighfrprgg}.%ﬂ%\%%%l e o" nozzles with the

nozzl e plate secured to the printer 003 -34
There will now be described a novel nozzle structure which can be

produced using methods in accordance with this invention, or in other
WaysS.

Referring to Figure 7, there is shown a modified mask 200 tha;
can be substituted - for example - for the mask 72 in the arrangement
of Figure S(a). The mask 200 has a circular aperture 202 with three
radiél vanes 204 and a central disc 206. When light passes a mask of
this form and is used to generate a cone of radiant energy suitable
for nozzle ablation. a structure is produced as shown in Figures 8 and
9. The nozzle bore 208 contains three radial webs 210 which support
an axial pin 212. The webs 210 and the pin 212 taper in transverse
dimension generally with the taper in the nozzle bore from the nozzle
inlet 214 to the nozzle outlet 216, though as can be seen from Figure
5(a), the angle of taper will vary across the mask as Bxlm and Br2u.

It must also be recognised that the shape of the nozzle which s
ablated is not identicel with the projection of the masks. as a result

- among other things - nf diffraction.



38. Apparatus for formng a nozzle in a nozzle plate for an ink jet printer
conprising a source of a high energy beam neans for di rechp0®d a beam from
said source at a face of said plate, beam conver g s and firS~t and
second mask neans forned with respective apertures through whi ch sai d beam
i's passed prior to inpingenent onZsai d nozzle plate, said apertures being
nmutual |y spaced and disposed in relation to said conver%ngorrreans so that
said apertures are conjugate through the conve g;ecrng%% s respectively
with the outlet and the inlet of the n zalzel-’- %‘5‘ Apparatgusc@soe}ar med in
Claim 38) characterised in_ that 32z el %pertur es afe& g.gfr<circul ar farm 40.
Apparatus as cl al crgeqedam PR m 38) char acterPeed i n t hat stadtdtalrﬂéiiture of
sai d secongvnask means is f, axiai PHEFENt shape Jl(anm%h"e aperture of said
First mask neans, gl;heAﬁﬁér atus as cI @ {md?l}r‘h ai m 40, chaéactr\err sed in

t hat thecagxerftlur% of thegdfl (g4 nomske feans is cj rgudtmﬁaa‘hd that of the
second Frask means . L Ssshoektdngul ar. 42 LApraza&r@t‘ﬁs as clai alin ahpy one of
Cl ai s ?Zt@:m’f‘ characterlge@znhet a% means ar prcoVP?j'e for inparting a
degree of diver gegqe,ssoﬁ *Re”beam i n ach ﬂatla?"t el opti cat)t system i n advance
~f said {ig sbi¢hp means toyﬁenoere?age the tap ijrn gﬂgﬂtepftff the nozzle fornmed
by the beam 43. Appar&us as cl ai neggl s GPai charagierised in that

t he angl %Oe£l®€am di verg%hgeths 1@6} al” to the %ngg@wsﬁﬁt ended at t&ewfl rst
mask aperture by thessecbid mask a{) ebyresct 35 22 JANYARYE 2003 44,

Appar at us ; gsr¢ Fmed in R IRGR o ‘T aim 43) gcla\artracct%rr sed in that further
beam conver gi ng, Jeans 2=\ | acent sai dpngﬁxtt fSK neans are provi ded t hrough
whi ch sai dedre@mv's passed gimiasohnvﬁ ch said bea,rzuh vergi ng neans ke

di sposed, the f gaianldeh’gt of said, {4 tthe? Eonver gin Orrgafts:lberong equal to
t he di stance between the ny@ksa@iéllﬁ ures. 45 fcﬁgga:rcat for for M P Gr series
of Iike nozzI es [ 4k arezzZl e chat 30 .ple per>od

1) understo° for 2 CEE



plate of an ink jet printer) said nozzles each having an inlet and an
outlet in opposite faces of said plate-and a bore between said inlet and
said outlet which converges in the direction of said outlet, conprising a
source of a high energy beam neans for directing said beappt

face of said nozzle plate in which the-npzzl e outlets are %#&WA@Y%&B
plurality of parallel optical systens interposed in the path of said beam
and having their optical axes disposed at the spacing of the nozzles which
they form each such system conprising first beam converging neans in the
pat h of saitdebearm offasle deamsefcet et wi & hdanyvaperdrect hoaugh: whicgehcjpasses
a substantial part at |east of said beam after focussing thereof by said
first beamnceniemrdrng imansy andhseabredbeam conver gi ng neans between said
mask nmeans and said plate for focussing the beam so as to generate in said
pl ate the desireduntkzet @dvapese 46ichAparatasenasioleaicped orovCisd 45,
characterised in that nmeans are provided in advance of s aid mask neans for
i nt roduci ngeatpriddesetif redl ddgreee pictgdvérqgondée gwtt hagrd pseactedgted he
paral l el optical systems the beam after convergence thereof through the

Fi rst beamlc6AtEIRFAngf M#ahs $aartgtocfupresbene aper rar B4 frehe svaskesesdns.
-36- 22 JANUARY 2003 4'7. AEPar_at us as clainmed in Caim46, characterised
in that eacteofoiHé phidl| ef © optitclF s&Fat Bhat il ProvRrdedWitPR $57Pt Aerimmask

means which are fornmed with algeaﬁﬁturg and located in relation to said
first beam<Onoel d"ilgg THEaREZEE tRat TherarstHlcebetiéth RENARSr tifes of

t he mask neans, and further sk _neans ual s  that of the focal |ength of
the first b%‘éﬁ]hcb%\?gfgﬁgﬁaﬁmng%%asr%égéb@%t ﬁ%l]apt@rf?frrbsfk'ﬁfe%eﬁéeﬂa%ﬁ?pne%aﬁ’s and
further mask feans ahe £onkugale thiough Lhe second hegmconvergng means
respectively Withthe correspondi ng nozZl e 2 efP-4hd “ott Tet . . Appar at us

as claimed jn.a0Y.QR8s ¢ gr?éﬁr%%n‘l@xeapgzﬁfe gqggﬁr ache{dsed.i frdhat the

pitch of the optical axes of said optical systens is a nultiple of the

pitch of thenezzles a0 BRANS, &8Pl PUAR0, $1 vishalkveldid-adexi ng by one
nozzle pitch the nozzle plate and said optical systens so that the nozzles

can be for megokfaeanuiberchaf p SdAGeS 8L oh0 dre el tirphige R¥ophiLh the
pitch of the optical axes of said optical systens exceeds that of the
nozzl es. 4%enAppBisidust fidfeakes M N@ne SeNilesndind bkeidrozgl @s isnneadbaei a
plurality of like nozzle plates disposed one al ongside the other, said
nozzl es eacfoovavd ngtAnthenltatl anid lareoaitd et tioy redtidl Appdsid eefaceshef the
correspondi ng nozzle plate and a bore between said inlet and outlet which
tapers towadrdy sfiihkowitlein, thenprazdengn ahsovexe fofwardhmgheremner gy dheanmk
means for directing said beamtowards the faces of said nozzle plates in
whi ch sai d *R¥3Fesoutl ets are fornmed, and a plurality of parallel optical
systens respectively di sposed over the nozzle plates with their optical
axes extendi ng aPohFePRE?Te§HERTT vENaxEPs0R 1P HFenBe iy Bofe $erHe béef or med,
each optic t beam convergi means t.he path of

al systemincluding firs n i )
sai d beam ‘hﬁfs%‘i ‘éﬂfstlf"&‘)r?fled%\n‘?]hn&ﬁ Hht Py RBeR Hir 6%9%%?%?%8%5% ~1gn-
substantial part at_l|east of saj - 37 ANUARY 2003 be after
ocusei ng t HEPesPR L SaTtr e PR Dar AT oFneBf nn s Sad e Bk Bnd bearn
converging eans befween. sald.msk reans. and. the corresponding.nozzle pl ate
to focus sald beamso as to génefate In sai 2o rgspoﬁdl ng plate the

desi red nozglg ! 3pfla1 13y JBBALALUS 89, £l AMPELLD aatgfgaeo[%é?% [HhatAeLe | sed

in that there are provi exi ng nmeans exi ng the

nozzl e pl at gs,ARMs thGrOPhBbARL Sy StrMiLlr ough, Q08 :ROZZ1 8 aRLT Gt $0ad kst he
nozzl es can be forned in a nunber of stages equal to the nunber of nozzles

in each nozzhe molahénts2lenARRBEAAMS nesn el Meduddy ChaiMkdd:iiodCbai m 50)
characterised in that neans are provided for inparting a degree of

di ver gence psodllkesbeamhg waehopstlalsl.el optical systemin advance of said
first mask neans to increase the taper angle of the nozzle forned by the
beam 52. Appar ahusdasrébad nedtahgeddnai af 5 preharadidéng sedenncdihaend héiangl e
of beam divergence is equal to the angle subtended at the periphery of the
first mask aperdtubecihy hbezlsedondermskrapesd Uren 53, ndgppar at s tasne | @irAed
in any one of Clains 32 to 52). characterised in that the source of the high
ener gy beanrpgularépuireeedfsuprogksegl wekei mey dfaseyrsigeamdy oAR, #ramaly D 2
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the nozzle outlet side of the nozzle plate, so that nozzles can be

formed after bonding of the nozzle plate to the body of the printer.

If this is not a requirement, other laser ablation or

photoregist-based manufacturing techniques can be employed with

suitable masking.

A further alternative nozzle manufacturing technique resulting

in a rather different formation within the nozzle bore, will now be

described with reference to Figures 11 and 12.
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Using any appropriate technique, for example laser ablation or
1on beam drilling, six inclined bores 300 are formed in the nozzle
plate 302. At the inlet face 304 of the nozzle plate, the bores 300
are equivalently spaced on a common radius. At the outlet face 306,
the bores coalesce to form a nozzle outlet 308 which can be seen to be
the envelope of six ellipses. Within the body of the nozzle plate, a
central land 310 is defined with supporting webs 312 of complex form.
In operaticn of the so-formed nozzle, the land 310 and webs 312
function in the same manner as land 21é and webs 210 of the previously

described embodiment.

It will be recognised that the combined nozzle inlet area, being
the sum of the areas of the bores 300 as projected onto the nozzle
inlet face, is greater than the nozzle cutlet area, meeting the
functional requirement of a tapering nozzle. However, each bore has
an inlet which is smaller than the common ocutlet. This means that any
particles in the ink which are large enough to block the nozzle outlet
are prevented form entering the nozzle. The nozzle structure can thus
be seen to combine the features of a tapering nozzle and a particle
filter.

In fact, this feature of filtering out particles in the ink which
would block the nozzle outlet, can be provided in a nozzle such as
that shown in Figures 8 and 9, by appropriate choice of the mask
dimensions.

The described multi-bore nozzle can be produced using a high
energy beam 1n six passes with the angle and position of the nozzle

plate being incremented between passes. There will i1in certain cases
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() @iemp oy é& place é% tég projection mask shown in Figure 7, a projecticn
mask having a series of, say, six holes equiangularly spaced on a
commen radius. Still further alternatives will occur to the skilled

man.
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1. The method of forming a nozzle in a nozzle plate of an ink
jet printer which has an inlet and an outlet in respective oppaslte
faces of said plate and a bore which extends through said plate and
tapers in the direction of said outlet, said method comprising
directing a hign energy beam towards a face of said plate in which
sard nozzle outlet 1s formed and focusing said beam so as to generate
the nozzle bore i1n said plate with the desired taper.

2. The method claimed in Claim 1,—characterised by focussing at

least some of the energy of the beam to a point towards which the
nozzle bore converges.

3. The method claimed in Claim 1 or Claim 2, characterised by
focussing said beam in two mutually inclined planes each containing
the beam axis towards respective locations disposed in relation to
said plate so as to cause said beam to diverge at different angles
from said respectave locations and to have an optical path through
said plate such that the beam generates the nozzle bore with the
desired taper.

4, The method claimed in Claim 3, characterised by disposing said
mutually inclined planes at right angles.

5. The method claimed in Claim 3 or Claim 4, characterised by
disposing said mutually inclined planes so that they intersect along
the axis of the nozzle bore.

6. The method claimed in any preceding claim, characterised by
forming a plurality of like nozzles in said plate by translating the

nczzle plate relatively to the beem after forming e first nozzle so as

Al
(s
D

mutuaily to locate rne peam and the plate to enaple formation oy

beam of a further nozzle.
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translating the nozzle plate relatively to the beam after formation of
said first nozzle so as mutually to locate the beam and the plate to
enable formation of said further nozzle with its axis parallel with
that of the first nozzle.

8. The method claimed in Claim 6 or Claim 7, characterised by
forming a series of nozzles by repeatedly translating the plate
relatively to the beam after each nozzle is formed to the location of

the next nozzle to be formed.

9. The wmethod claimed in any preceding claim, characterised by
passing said beam through an apertured mask prior to focussing thereof
to provide the beam with the crossLseccion which said focussing system
reduces substantially to the size of the nozzle to be formed.

10. The method claimed in any preceding claim, characterised by
employing as the high energy beam a pulsed UV excimer laser.

11. The method claimed in any preceding claim, characterised by
operatively securing said nozzle plate on the printer prior to formang
a nozzle therein.

12. The method of forming a nozzle in a nozzle plate for an ink
jet pranter, comprising directing a high energy beem towards said
nozzle plate, the beam passing through beam converging means prior to
impingement thereof on the nozzle plate, characterised in that said
beam in advance of said converging means 1s passed sequentially
through first and second spaced apertured masks, the respective
apertures of which are conjugate through the converging means with the

outlet and the 1inlet of the nozzle formed by the beam.
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13. The method according to Claim 12, wherein said peam 1s
directed at the face of the nozzle plate containing the outlet of the
nozzle and wherein the nozzle tapers from the inlet to the ocutlet.

14. The method claimed in Claim 12 or Claim 13, characterised by
disposing said mask apertures and said converging means coaxially with
the nozzle bore to be formed by said beam.

15. The method claimed in any one of Claims 12 to 14,
characterised by providing said apertures of the masks each of

circular form.

16. The method claimed 1in any one of Claims 12 to 14,
characterised by providing said aperture of said second mask of a
different shape from that of the aperture of the first mask.

17. The method claimed in any one of Claims 12 to 14,
characterised by forming the aperture of the first mask of circular
form and the aperture of the second mask of rectangular form.

18. The method claimed in Claim 16 or Claim 17, characterised by
forming the aperture in the second mask of rectangular foam to match
the cross-section of an ink channel of the printer at an end of which
a nozzle is to be formed.

19. The method claimed in any one of Claims 12 to 18,
characterised by introducing a degree of divergence into said beam in
advance of said first mask toc increase the taper angle of the nozzle
bore formed by the beam.

20. The method claimed in Claim 19, characterised by employing
beam scattering means to impart said divergence to the beam.

21. The method claimed in Claim 19 or Claim 20, cnraracterised by
making the angle of beam divergence equal to the angle subtended at

the first mask aperture by. the second mask aperture.
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ween the mask apertures.

23. The method of forming a series of like nozzles in a nozzle
plate of an ink jet printer, said nozzles each having an inlet and an
outlet in opposite faces of said plate and a bore between said inlet
and said outlet which tapers in the direction of saxd outlet,
comprising directing a high energy beaﬁ towards the face af said
nozzle plate in which the nozzle outlets age formed, interposing in
the path of said beam a plurality of parallel optical systems having
their optical axis disposed at the spacing of the nozzles which they
form, each such system having first beam converging means in the path
of said beam, mask means formed with an aperture through which passes
a substantiel part at least of said beam after focussing thereof by
said first beam converging means and second beam converging means
between said mask means and said plate to focus said beam so as to
generate in said plate the desired nozzle taper, and employing said
systems to form said nozzles.

24. The method claimed in Claim 23, characterised by introducing
into said beam in advance of said mask means a predetermined degree of
divergence so that in each of said optical systems the beam after
convergence thereof through the first beam converging means fully
occupies the aperture in the mask means.

25. The method claimed in Claim 24, characterised by disposing in
each said parallel optical system further mesk means formed witn an
aperture and located in relation to said first beam converging means

go that the distance between the apertures of the mask means and
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respectively with the corresponding nozzle inlet and outlet.

26. The method claimed in any one of Claims 23, 24 and 25,
characterised by disposing the pitch of the optical axes of said
optical systems at a multiple of the pitch of the nozzles and forming
said nozzles in stages at each of which each system forms a nozzle and
between which the nozzle plate and the_bptical systems are relatively
indexed by one nozzle pitch,the number of ;tages being equal to said
multiple by which the pitch of said optical axes exceeds that of the
nozzles.

27. The method of forming a series of like nozzles in each of a
pluralit& of like nozzle plates disposed one alongside another, said
nozzles each having an inlet and an outlet in opposite faces of the
corresponding nozzle plate and a bore between said inlet and said
outlet which tapers towards said outlet, comprising directing a high
energy beam towards the face of said nozzle plates in which the nozzle
outlets are formed, interposing a plurality of parallel optical
systems respectively disposed over the nozzle plates with their
optical axes extending respectively along the axes of the bores of the
nozzles to be formed, each optical system including first beam
converging means in the path of said beam mask means formed with an
aperture through which passes a substantial part at least of said beam

.
after focussing thereof by said first beam converging means and second
beam converging means between saird mask means of the corresponding
nozzle plate to focus said beam so as to generate 1n said

corresponding plate the desired nozzle taper, and employing said

systems %o form said nozzles.
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nozzles 1n the nozzle plates in stages at each of which nozzles are
formed by the corresponding optical systems in the respective nozzle
plates and between said stages the nozzle plates are indexed through
one pitch of the nozzles formed in each of the plates, the number of
stages means being equal to the number of nozzles formed in each of
the nozzle plates.

29. The method claimed in Claim 27 or 28, characterised by
introducing into said beam in advance of said mask means a
predetermined degrée of divergence so thag in each of said optical
systems the beam after convergence thereof through the first beam
converging means fully occupies the aperture in the mask means.

30. The method claimed in Claim 29, characterised by disposing in
each said parallel optical system further mask means formed with an
aperture and located in relation to said first beam converging means
so that the distance between the apertures of the mask means and
further mask means equals that of the focal length of the first beam
converging means whereby the apertures of the mask means and further
mask means are conjugated through the second beam converging means
respectively with the corresponding nozzle inlet and outlet.

31. The method claimed in any one of Claims 12 to 30,
characterised by employing a pulsed UV excimer laser as the high
energy beam.

32. Apparatus for forming a nozzle in a nozzle plate of an ink
Jet printer which has an outlet and an inlet in respective opposite
faces of said plate and a bore which extends through said plate and

tapers in the direction of said outlet said apparatus comprising a

source of a high energy beam, means for airecting a beam from said
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source at the face of said plate in which said outlet 1s formed and
beam converging means adapted to generate said nozzle bore with the
desired taper in said plate.

33. Apparatus as claimed in Claim 32, characterised in that said
beam converging means are adapted to focus at least some of the energy
of said beam at a location towards which said nozzle bore converges.

34. Apparatus as claimed in Claim 32 or Claim 33, characterised
in that said beam converging means are adapted to focus the said beanm
in each of two mutually inclined planeé-containing the beam axis
towards respective locations disposed in réiation to said plate so as
to cause said beam to diverge from said respective locations and to
have an optical path through said plate such that the beam generates
the nozzle bore with the desired taper.

35. Apparatus as claimed in any of Claims 32 to 34, characterised
in that means for forming a series of nozzles in said plate comprise
means for repeatedly translating the plate relatively to the beam
after each nozzle is formed to the location of the next nozzle to be

formed.

36. Apparatus as claimed in any one of Claims 32 to 35,
characterised in that mask means formed with an aperture age provided
through wﬁich said beam is passed in advance of the beam converging
meens to provide the beam with a cross-section which said converging
means serves to reduce to the size of the nozzle formed by the beam.

37. Apparatus as claimed in any one of Claims 32 to 36,

characterised in that said apparatus is adapted to form said nozzle or

nozzles with the nozzle plate secured to the printer.
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jet printer comprising a source of a high energy beam, means for
directing a beam from said source at a face of said plate, beam
converging means and fir&t and second mask means formed with
respective apertures through which said beam is passed prior to
impingement on said nozzle plate, said apertures being mutually spaced
and disposed in relation to said converging means so that said
apertures are conjugate through the converging means respectively with

the outlet and the inlet of the nozzle.

39. Apparatus as claimed in Claim 38, characterised in that said
apertures are of circular form.

40. Apparatus as claimed in Claim 38, characterised in that said
aperture of said second mask means is of a different shape from the
aperture of said first mask means.

41. Apparatus as claimed in Claim 40, characterised in that the
aperture of the first mask means is circular and that of the second
mask means is rectangular.

42, Apparatus as claimed in any one of Claims 38 to U1,
characterised in that means are provided for imparting a degree of
divergence to the beam in each parallel optical system in advance gf
said first mask means to increase the taper angle of the nozzle formed
by the beam.

43. Apparatus as claimed in Claim 42, characterised in that the
angle of beam divergence is equal to the angle subtended at the first

mask aperture by the second mask aperture.
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in that further beam converging means adjacent said first mask means
are provided through which said beam 1s passed and on which said beam
diverging means are disposed, the focal length of said further
converging means being equal to the distance between the mask
apertures.

45. Apparatus for forming a series of like nozzles in a nozzle
plate of en ink jet printer, said nozzles each having an inlet and an
outlet in opposite faces of said plate-and a bore between said inlet
and said outlet which converges in the direction of said outlet,
comprising a source of a high energy beam, means for directing said
beam towards the face of said nozzle plate in which the nozzle outlets
are formed, a plurality of parallel optical systems interposed in the
path of said beam and having their optical axes disposed at the
spacing of the nozzles which they form, each such system comprising
first beam caonverging means in the path of said beam, mask means
formed with an aperture through which passes a substantial part at
least of said beam after focussing thereof by said first beam
converging means and second beam converging means between said mask
means and said plate for focussing the beam so as to generate in said
plate the desired nozzle taper.

46, Apparatus as claimed in Claim 45, characterised in that
means are provided in advance of said mask means for introducing a
predetermined degree of divergence so that in each of the parallel

optical systems the beam after convergence thereof througn the first

beam converging means fully occupies the aperture 1n the cask means.
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of the parallel optical systems is provided with further mask means
which are formed with an aperture and located in relation to said
first beam converging means so that the distance between the apertures
of the mask means and further mask means equals that of the focal
length of the first beam converging means whereby the apertures of the
mask means and further mask means are conjugate through the second
beam converging meens respectively with the corresponding nozzle inlet

and outlet.

48. Apparatus as claimed in any one of Claims 45, 46 and 47,
characterised in that the pitch of the optical axes of said optical
systems is a multiple of the pitch of the nozzles and means are
provided for relatively indexing by one nozzle pitch the nozzle plate
and said optical systems so that the nozzles can be formed in a number
of stages equal to the multiple by which the pitch of the optical axes
of said optical systems exceeds that of the nozzles.

49. Apparatus for forming a series of like nozzles in each of a
plurality of like nozzle plates disposed one alongside the other, said
nozzles each having an inlet and an outlet formed in opposite faces of
the corresponding nozzle plate and a bore between said inlet and
outlet which tapers towards said outlet, comprising a source of a high
energy beam, means for directing said beam towards the faces of said
nozzle plates in which said nozzle outlets are formed, and a plurality
of parallel optical systems respectively disposed over the nozzle
plates with their optical axes extending along the respective axes of
the nozzle bores to be formed, each optical system including first
beam converging means 1n the path of said beam, mask means formed with

an aperture through which passes a substantial part at least of said
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second beam converging means between said mask means and the
corresponding nozzle plate to focus said beam so as to generate in
said corresponding plate the desired nozzle taper.

50. Apparatus as claimed in Claim 49, characterised in that
there are provided indexing means for relatively indexing the nozzle
plates and the optical system through one nozzle pitch so that the

nozzles can be formed in a number of stages equal to the number of

nozzles in each nozzle plate.

S1. Apparatus as claimed in Claim 49 or Claim 50, characterised
in that means are provided for imparting a degree of divergence to the
beam in each parallel optical system in advance of said first mask
means to increase the taper angle of the nozzle formed by the beam.

52. Apparatus as claimed in Claim 51, characterised in that the
angle of beam divergence is equal to the angle subtended at the
periphery of the first mask aperture by the second mask aperture.

53. Apparatus as claimed in any one of Claims 32 to 52,
characterised in that the source of the high energy beam is a source

of a pulsed excimer laser beanm.



