-1- PRINTER AND PRI NTHEAI) W TH ACTI VE DEBRI S

PREVENTI ON Co- Pendi ng Applications Various nethods,
systens and apparatus relating to the. present
invention are 5 disclosed in the foll ow ng co-pending
applications filed by the applicant or assignee of the
present invention on 24 NMay 2000: PCT/ AU0OO/ 00518,

PCT/ AUOO/ 00519, PC7F/ AU0O0/ 00520, PCT/ AUO0O/ 00521,
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PCT/ AU0O0/ 00522; PCT/ AUDO/ 00523, PCT/ AU0D0100524,
PCT/ AUOQ 00525, PCT/ AU00Q/ 00526, PCT/ AUOQ 00527,

PCTI AUOBREYEER ANRCRRENTBEADSYIELH ACTPVE DEBRIS PREVENTION
PCT/ AU0O0/ 00531, PCT/ AU00/ 00532, PCT/ AUOO/ 00533,

PCT/ AU0O0/ 00534, PCTI AUOQ 00535, PCT/ AUOO/ 00536,

-PCT/ AU00/ 00537, PCT/ AUOO/ 00538, PCT/ AUQO/ 00539,

PCT¢rPersiingApmlicatingy/ AUOO/ 00541, PCT/ AUOO/ 00542,
PCT/ AU00/ 00543, PCT/ AUOO/ 00544, PCT/ AUOO/ 00545,

PCT/ AUOOY &reeya 7netlods;/ sxsiems God 4pparan@Tyelati@Ot OB Spfesent invention are

Ao R 5 (AP

PCPFeasyd inversivg pn 20Mpy 2080/ 00563, PCT/ AUOO/ 00564,
PCT/ AU0OQ/ 00565, PCT/ AU00/ 00566, PCT/ AUOO/ 00567,
PCT/ AUOBF HOH88/005 1B RGTAGI0/0053 8.5 C TATFH0HQISRY, PO 7A1J00/00521,

PCT/ A : MRk
nCT) AUGGL oo uResaT FCTRER AR L bon Ry diso seTaictyposas,

PCT/ AU 5990026 HGI/AELY00528, PATCAVONING2%) BS T U00/00529,

PCT/ A ]
O ARS8 RS oo,

PCT/ AUGSTIH0EBH005pERCAVAIUNTES PCHEUINIOO3GHBETAU00/00537,

PCT/ A Pt 1500,
TR AU TS ononss

PCT/ AUSSTHSE L0562 FCR(AIINUIS S PCTAUIGI0MI0 DL DBSHN/00545,

PCT/ A . 0
A AN s,

PG AU A055 1 BT/ 965 O THUIAOES) BEBB0000560,
PCT/ AUBCTROSIN0SAICPCAARI0RDSEL! PCTREDOAMRA! BOBRB00/00564,
PCT/ AU984&%0%?0’056%%6%%{%0%8?6%??05%0@/%85%7? gg&%ﬁbowoos,ss,
PCT/AUQO/00569, PCT/AU00/00570, PCT/AU00/00571, PCT/AU00/00572,
PCT/AU00/00573, PCT/AUG0/00574, PCT/AU00/00575, PCT/AU00/00576,
PCT/AU00/00577, PCT/AU00/00578, PCT/AU00/00579, PCT/AUC0/00581,
PCT/AU00/00580, PCT/AU00/00582; PCT/AU00/00587, PCT/AU00/00588,
PCT/AU00/00589, PCT/AU00/00583, PCT/AU00/00593, PCT/AU00/00590,
PCT/AUG0/00591, PCT/AUC0/00592, PCT/AU00/00584, PCT/AU00/00585,
PCT/AU00/00586, PCT/AU00/00594, PCT/AU00/00595, PCT/AU00/00596,

. PCT/AU00/00597, PCT/AUG0/00598, PCT/AU00/00516, PCT/AU00/00517
PCT/AU00/00511, PCT/AU00/00501, PCT/AUO’O/OOSOZ, PCT/AU00/00503,
PCT/AU00/00504, PCT/AUG0/00505, PCT/AU00/00506, PCT/AU00/00507,
PCT/AU00/00508, PCT/AU00/00509, PCT/AUG0/00510, PCT/AU00/00512,

PCT/AU00/00513, PCT/AU00/00514 and PCT/AU00/00515.
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PCT/ AUCQ' 00513, PCT/ AU00/ 00514 and PCT/ AUO0O/ 00515.
MJ121- AU - 2- Various nethods, 'systens ‘and apparatus -
relating to the present invention are disclosed in the
foll ow ng co-pending applications filed by the
appl i cant or assignee of the present invention on 30
June 200 1. 5 PCT/ AUOCO 00764, _PCT/ AUOO 00765,

PCT/ AUD0/ 00766 and PCT/ AUD0100772 FIELD OF THE

I NVENTI ON The present invention relates to. printed
medi a production and in particular ink jet printers. -
10 BACKGROUNRriqud nedads, IysEni| abhagpatatus e&lating torthe pﬁseﬂf Bveation are

we e

pr Igi ﬁlé%?%mé?%l 0 aJﬁ) S?Hd%?&?gﬁag}nm}srﬂﬁbgr% ge B°raf’ﬁ51gne° of the
ar pegyenbinvention on rlwoe2®or control | ed nozzl es on a
printhead. As the print head passes over the nedia,
colorant is ejected fromthe array of 15 nozzles to
produce the printing on the nedia substrate. Printer
pePEBAVRAORTa4eRET AT 00/A0T68 RQTY AUBMAAIT66 sndRETY AUOOKNTGDST
print quality, operating speed and ease of use. The
mass, frequency and velocity of individual ink drops

ej e ted fromthe nozzlies wll affect these

pel RISEBYHEFION. | n general terns, smaller,

faster drgplets ejected at higher frequency provi de
cost, specdaFEEnpiiveRtiop Epdatgs o PringRAapdéagroeducti andinl fagicular ink
Ofjettpfinfers. i t has been an overriding aimof printhead
design to reduce the size of the ink nozzles and
thereby the size of the droplets ejected. Recently,

the array of nozzles has been formed using
niBACKECROUNINEOEHE INVENYEONNS ( MEMS) t echnol ogy,

whi ch have nechanical structures with sub-mcron

t hi ckrlek jbprinteThare a whell bnavntane wﬁﬂetydxsed formm ofyfrinted &ﬂeﬂia eRid&ion.

:)Flgig 1&1?5?%&1%& %%{ t?)tealsx Iarrllag' ng -ggo%wsérﬁ:grgtﬁl}gd nozzles ona
mpEnthend oAb &egnntummaesss ofer thh emdia ol opinh 3 2jtsted fom ek ler
hh%leﬂb gd%ce ﬁggn&%gg RL %lagllfbalr%tt y at relatively |ow

costs, e|r SI e R0221es extrenely fraglle

and \@Hn'fh‘? b@RinRarce dé})@ﬂ@@gﬁ fch[ Llh%b g)%r'a@n{gc‘%ﬁ prify a.? t%(t operating

with finger, dust or |a su
speed and ease of use. The nass, frequency and velocity of individual ink drops eJected

from the nozzles will affect these performance parameters In general terms, smaller, faster

droplets eJected at higher ﬁequency provide cost, speed and print quality advantages.

In light of this, it has been an overriding aim of printhead design to reduce the size of

~ the ink nozzles and thereby the size of the droplets gjected. Recently, the array of nozzles

has been formed using microelectromechanical systems (MEMS) technology, which have

mechanical structures with sub-micron thicknesses. This allows the production of

 printheads that can rapidly eject ink droplets sized in the picolitre (x 10" litre) range.

While the microscopic sﬁ'uctures of these printheads can provide high speeds
and good print quality at relatively low costs, their size makes the nozzles extremely fragile
and vulnerable to damage from the slightest contact with finger, dust or the media substrate.
This can make the printheads impractical for Iﬁany applications wﬁere a certain level of

robustness is necessary.
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This can make the printheads inpractical for many
applications where a certain level of Trobustness is
necessary. MJI121-AU ............. -3.. SUWARY OF THE
I NVENTI ON Accordi ngly, the present invention provides .
a nozzle guard for an ink j-et printer printhead with
an array of nozzles and respecgive colorant ejection
neans for ejecting 5 colorant onto a substrate to be
printed, wherein the nozzle guard is adapted to be

positioned to inhibit damagi ng contact with the

exterior of the array of nozzles. In this

specification the term"nozzle" is to be understood as

an SUMMARY QETHE BNVENIIObeni ng and not the opening
itself. Preferably, the nozzle guard has a shield

cover i AgFordinglye the present inyention promidess negzle gi@rdoransinnjet printer

s hip@htHeal 3%th 3R ‘ i oAb A RN, M Ll

: ne alead AR asly o RIS ARRREAN Bk R RN B Sgine

t r &9le@utonip ashbsirhte taolks printeds whepein the dozzle gnaré ssaliapnaiza bepositioned
Infﬁnﬁifdﬁ%{%ﬁn f.QLE jeld is fornmed
fronms%l?co .g?ﬁg&ﬁgggﬁge%%%%&&ﬁgyipb?P%gkainclude
fluid i HieheQRah o6 diLect ] ' th
passages,ﬁ?g [ nﬁ?rgt?tét t e ugﬁgwu%g%{‘&#%o?&s %E&%ﬁr fi% _
on©RERBE Awstof the gpaning its¢lf The nozzl e guard may include a
support neans for supporting the nozzle shield on the
pr i nt head. Proffebl fhpenzele gusadbespalicleovaringthd ekteriagf @b hozzles
Wi wikerdin @e StE18 hﬂ;’antaﬂﬁ‘y of LIRSS In rg%ﬁﬂﬁoﬁ;\gﬂpﬁlb %{}%f?oﬁ@e Lo as
of spaced support el'enents one Dbelng arra;gﬁ10 at eac
erfift togmpeds dhagrnal gajeptpiy|ofithe pojorani eiecier-fouieagimozzle. He a further

f | préfekrddThiat, tHRRBIBIROR AR REsiddopanged. i n one of the 20
support elenments. It wll be appreciated that, when

air is di maehedletohirduah firiher iﬂ&@d&iﬂ%ﬂﬁinlepdb%ﬁjp%ﬁ@r di}%&fr@'ﬂ%id
azﬂira%( d out thrqugh the passages, the buiTd up o

f P8 %‘%"p"éﬁaﬁﬁ t8§3'§1ﬁf the aildgp of toreigynagiles en tha Rpazieraeay.
The fluid.gnlet openings be arranged in the
support e [l'é%%gle 'ggﬂg{ngg fnf:fgﬁ%/aasu?port meang E)r supporting the nozzle
shield on the printhead. The support means may be formed integrally with the shield, the

prat
-

aY
“ngan

support means comprising a pair of spaced support elements one being arranged at each end
of the nozzle shield. '

In this embodiment, the fluid inlet openings may be arranged in one of the
support elements.

It will be appréciated that, when air is directed through the openings, over the
nozzle array and out through the passages, the build up of foreign particles on the nozzle
array is inhibited,

The ﬂuiq inlet openings may be arranged in the support element remote from a
bond pad of the nozzle array.

The invention extends also to a printhead for an ink jet printer, the printhead

including:

an array of nozzles and respective colorant ejection means for ejecting colorant onto a
media substrate to be printed; and, |
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25 bond pad of the nozzle array. The invention extends
also to a printhead for an ink jet printer, the =~
printhead including: an array of nozzles and
respective colorant ejection neans for ejecting
colorant onto.a nedia substrate to be printed; and,
MJ121- AU 4- a nozzle guard, as,described above,
positioned to inhibit danaglng contact with the
exterior of the array of nozzles. By providing a
nozzl e guard on the printhead, the nozzle structures
can be pr ctnseleghafd; evdebibedabos, pbsitibnat tolimhiedimagiag esitact
ms&lﬂ%pg&ﬁﬁpgfﬂgsﬁyfog&z%u mze the s protection

provi ded e guar or ns flat shiel d coveri ng t he .

exterior si n,.the s
an array of ggfé(gﬁ aencm g enoug'ﬁ@? aelaﬁi’éwnt ﬁg gf“@%‘f & be
of PEGtctrddivm beihedprichedor bunpesirmghihst mosnmgjer stmfam ev& Otimize the

Lg?ﬁ(ﬁxgrgﬂbggﬁg gh@%ﬁar@fbtn%p +1trs] lgség‘f go ﬁ;tgxb% mdfz {:fsthe nozzles

c o &¥hetein thahiedif has hnemlof pespgesshig enougii o all e the ajebt)bn of colorant

rra This w.l|
pr e\FPgﬁetfs bttupgsagr%%%l; %? pr nlp'ﬁ%‘g nﬁ’c{ thedypgress 8¥£?568‘13t A
f alphrtigles. dAytforfing thgstiele fromistiicort, hecdeﬁ:kheofmlehﬁa& expdatifty

si I the shi el accurately
o SR e BB, ok S S B o
si paseages in theshield ﬁsmr fallngg auntf sogistet @filh iha hbiglen@ly. Using silicon also

d CRl PTI
o AR et at b ooy i kiR AP fooipoges. Furthermore,

desilicon iy dorpngvend solistaatidlymos defadmpable, Wi th ref erence to
t he acconpanyi ng drawi ngs in which: Figure 1 shows a
three di rrensi onal schematic view of a nozzle assenbly

- for an_ink ri nthead; Figures 2 to 4 show a three

di rrenspgﬁ%‘f' N OF [THEPRAWBNGS an operation of
t he 2% nozzl e assenbl of -Figure 1 ure 5 shows a
three CPHERSTRIOLImepts f“VSnt}?éflzel r@waxeawagede briwey ofiexdonple only,

anwiﬂfrk&ieﬁ&e to fHelabdoRP@ing drawings in which:-

Figure 1 shows a three dimensional, schematic view of a nozzle assembly for an ink
jet printhead; A

Figures 2 to 4 show a three dimensional, schematic illustration of an operation of the
nozzle assembly of Figure 1;

Figure 5 shows a three dimensional view of a nozzle array constituting an ink jet
printhead; -
Figure 6 shows, on an enlarged scale, part of the array of Figure 5;

Figure 7 shows a three dimensional view of an ink jet printhead including a nozzle
guard, in accordance with the invention; '

Figures 8a to 8r show three dimensional views of steps in the manufacture of 2

nozzle assembly of an ink jet printhead;

Figures 9a to 9r show sectional side views of the manufacturing steps;.
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Figure 6 shows, on an enlarged scale, part of the
array of Fi gure 5, Figure 7 shows a three dimensional "
view of an ink jet printhead including a nozzle 25
guard, 'in accordance with the invention; Figures 8a to
8r show three di nensional views of steps in the

manuf acture of a nozzle assenbly of an ink jet
printhead; Figures 9a to 9r sh8w .sectional side views
of the manuf acturing steps; M121-AU -5- Figures 1Ca
to | O show |ayouts of masks used in various steps in
the manyghass 10k td Dk sREPRESEs of e th v!u‘?ou% &e}% ih fhie ﬁlq%\#acturing :
t hree di nensi onal views” of an operation nozzle
as®&BPy manuf actured according to the nethod of
Figures 8 and 9; and 5 Figures 12a to 12c show
sect i orfaguresi lda ol showdhrea dimspienal Views offan oprative of the nozzle

T L O s S L NS

Ref er r ipards b4 loabd éhome&iogéi sfde Yie® of Jﬁ%pgrhm dt % %.le assembly

nozzl e assenbly, in accordance mwth e 1 nvent
smarEtacived acerrgiag orthg methesl ofFigares @tand 8nce nuner al 10

An ink jet printhead has a plurality of nozzle

assenblies 10 arranged in an array 14 (Figures 5 and

Gyl H#S%sfﬁﬁ et DRaIGS T dssenbl y 10°

includ 8k SI|I t ubsa g e .or wafer 16 on which a
7t Biie 1 gk s

di el ec e%‘nggﬁ}té drapings, aogiassembly fin apcprdince
| asylérmeﬁwexmm ixlesi priagd g&[brdllb@y@ie&bi@&hdelnﬁmbﬁyﬁf ArBink

§eP
Each e zl e as [ udes a n zzle 22 defining
ai"’nozz ea%fagﬁfa;ig'ngjﬁ?é %ﬁh‘é‘gc]t |aﬁ'@“ HAramay, 14 fidsuresornd 6)
ofona siliguresubstram 156 The air 4adll baletribed in gbferldM@belgw M 26
connects the actuator 28 to the nozzle 22. As shown in

gr eat efhedesembly 10rndRidgus diicod stbstrate of WMefer 628 which dielectric layer
c W t rtion 32
GosB AP RReL K LRI AR I do f de e bt R Bre e

32 T Orggeh npQte Q%E:tab ?flf) ﬁ'ncﬂﬁéé a%%gZz H\@:&nﬁ%;xlp%legé)p%%ge 24,a

chanber 34. The peni ng
c SPARATHnG Aerber umerfow arhmnzm 26tsadrvescti@ibr 28.t Thedevenarne26

Neémect! thahothdid? 20 07RE fo:2R8B1 NG 24 i's

As shown in greater detail in Figures 2 to 4, the nozzle 22 comprises a crown portion
30 with a skirt portion 32 depending from ﬁe crown portion 30. The skirt portion 32 forms
part of a peripheral wall of a nozzle chamber 34. The nozzle opening 24 is in ﬁuid
communication with the nozélg chamber 34. 1t is to be noted that the nozzle opening 24 is
surrounded by a raised rim 36 which "j:ins" a meniscus 38 (Figure 2) of a body of ink 40 in
the nozzle chamber 34. '

An ink inlet aperture 42 (shown most clearly in Figure 6 of the drawing) is defined
in a floor 46 of the nozzle chamber 34. The aperture 42 is in fluid communication with an
ink mlet channel 48 defined through the substrate 16.

A wall portion 50 bounds the aperture 42 and extends upwardly from the floor
portion 46, The skirt portion 32, as indicated above, of the nozzle 22 defines a first part of

a peripheral wall of the nozzle chamber 34 and the wall portion 50 deﬁnes a second part of
the peripheral wall of the nozzle chamber 34.
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surrounded by a raised rim 36 which "pins" a nmeniscus

38 (Figure 2) of "a body of ink 40 in the nozzle

chanber 34. An ink inlet aperture 42 (shown nost

clearly in Figure 6 of the drawing) is-defined 25 in

a floor 46 of the nozzle chanber 34. The aperture 42

is in fluid comunication withgan ink inlet channel

48 defined through the substrate 16. A wall portion 50
bounds the aperture 42 and extends upwardly fromthe

fl oor ortion 46. The skirt portion 32, as indicated
above, 'E‘Te wallS0hayan inwadlydikitellip 22 dt its Bte epd which berved as a fluidic
erg . . > cha . 34 and the .
por o i e ecsbd e O R AP 58 s p B v Adsaetod n

portion 50 defines a second par

wa|greaist dataikbetnyz At willdeappreciat@lithatMile2d tha\scdity dfRe MRkG and the

50 ; s I irected Ji gt its free end .

on P A HSRE AL ok B G e i 7 o U ohorom e nvarly

es Guapsteddip S2rid winface ttisionforsibeasla effectidt Sal i@@ﬁﬁilbih%é th¥ledchpe of
e

beirﬁ{%g{*lg’god?%g{m%%ﬁz&er detail below. It w

appreci a to the viscosity of the ink 40

and th A ions of the spaci ng between the

e 55 e Sk 28 WS n bl PR St g rehor o

d |f veeding upwigd Froanitie s:;b_stfa_m::l_sﬁ dr&:iﬁie Partitulant &?nm_aszﬁ,ﬁ{s passivation
e Y, [ itin e e . in rom

£ a6 20: Pocdipor sBls )Mo oh bl clE e 38 Wil forma losicn

b e¢ptinegtion witlothe actaator28connect ed to an anchor 54

extendi.ng upwardly fromthe substrate 16 or, nore
par t i cliheaciugtof PHenntriisesGMIDS, sptivshedmtst amtangedytRie 28conllfussive

a 54, .J on _C cti 56, which form
e an 60 iR b Bl BN Rt 45 P8t S Gincint, sqqpiuctive
acegmiopatal sushps titewivmaitfide @iN). act i ve beam 58 arranged

above a second, passive beam60. In a preferred
enbodi Brthbeants §8 andeirmye Bgir Srstier@9 auchered fo, thoancharch ustethei

COPRUR! dndoonREiATh ol 88| Wi SHE Mo bl KD DA TA S o
( g?%)d Bot h beans 58 ang 6 ﬁgv‘gpﬁeﬁé? %? elgrt%#o‘%ﬁ‘&’g# the active
aReamr el Rensionof e beam siwesultseits thePassivp beasrs0e fitsigh which
C ERAAShEEieRt S deds TR pardIER foll¥enbify HANSGS &9
f1 ow t hrough thé active  beam gaéﬁy g#n%@%%pﬁ §I§6sn°rﬁfed
t FESHEHHATB 20 andyhings, thegozale2Ziads displatsd dnweidardly v the
Wiibstrute 168 sBovizSin FbuedH, ﬁﬁﬁ%a&é%e{éé@&?of%{ttgx%ﬁmgnoaz%le
t he Sane r%te, a _bending nonent 1s create
opening 24 as shown at 62. When the source of heat is removed from the active beam 58,
i.e. by stopping current flow, the nozzle 22 retums to its quiescent position as shown in
Figure 4. When the nozzle 22 returns to its quiescent position, an ink droplet 64 is formed
as a result of the breaking of an ink droplet neck as illustrated at 66 in F igure 4. The ink
droplet 64 then travels on to the print media such as a sheet of paper. As aresult of the
formation of the ink droplet 64, a "negative" meniscus is formed as shown at 68 in Figure 4 A
of the drawings. This "negative" meniscus 68 results in an inflow of ink 40 into the nozzle
v { - . '
chamber 34 such that a new meniscus 38 (Figure 2) is formed in readiness for the next ink

drop ejection from the nozzle assembly 10.

Referring now to Figures 5 and 6 of the drawings, the nozzle array 14 is described in
greater detail. The array 14 is for a four color printhead. Accordingly, the array 14

includes four groups 70 of nozzle assemblies, one for each color. Each group 70 has its
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causing the arm 26 and, hence, the nozzle 22 to be

di spl aced downwardly towards the substrate 16 as
shown in Figure 3. This causes an ejection of ink

t hrough the nozzle 20 opening 24 as shown at 62. Wen
the source of heat is renoved fromthe active beam 58,
i.e. by stopping current flow, ,the nozzle 22 returns
to its quiescent position as shown in Figure 4. \Wen
the nozzle 22 returns to its quiescent position, an
ink droplet 64 is formed as a result of the breaking

of negzle avemtiliespiOatranped fo 98 rowd 2shd M. eOnedf tHGrdups d ig SHo%m i m
gggéf&ﬂﬁ g%gp et 64 then travels onto the print
la such as' heet of paper As a result of the 25
formati 4 a "negative" neniscus
is forne ’I%gacgﬁstaté %Wa‘g‘?"%‘g% @ﬁ?ﬁ%’ﬁl{m indthegony LR dé the

Thiazzle m&sgmbhes L) mmmm&&fséﬁﬁ slaberddwiiFedpbd: bME Rfzzte
34 such that a new

ink 4 hanber

rre%fs%d }’ﬁ’&b’% Q3%° ‘ge os¢irasiemblics 4% ini thesew 72 6re spaved apart
nesuffidiantly fad from eajhasther @ enfibl0 Me 1dV6r 43AT 24 @ft@é@%ﬂbés\émm 310in
Rq&grrl now, t o Fuaures 5 and 6 of the draw ngs,

nadS oy Btp B hetveen aiacey ngalgs 73.0f thpssmbliessi0 ey 72 Ttisto
TI’i& natet] hat daéh n@zzfe%seﬂbfyqofis SuBitfiallf dtﬂﬂB@ﬁQxaped $O th_?t the ?ozzles

t he incl udes four groups
nozz gleé‘g%?ﬁﬁ ﬁf “P@lesgaéﬁj the petpator adipesnpnozde
hassembBes IMinth&rM4,7 nozzl e assenblies 10 arranged in
two rows 72 and 74. One of the groups 70 is shown in

~ gr eat eXurilied taifhcilitate Elogﬂ.yfaekxﬁg of iRk foaflbd 22ia iR 16 OB%ind 74, each

e mblies 10 in the rows 72 and
pi'ggg'ﬂ‘%’g%ugz éﬂﬁé %ﬂgﬁ g““i‘@ in the row 74 are of fset
20, i n IPREF RG] FABRE S I G e e 22 re
t Hisplaged toprrdsithe ss}masdéa:pasa; duesto el nobANGPeiing 24 beikgOh slight

2 PhiElperlo FRADRR il SY B %ﬁﬁéﬁ&@é‘?ﬁ%@%ﬁ%&w g

n¥ 22 pdgniage of thetdnangesentshbvwemn Figuréss 4nli 6 of mwaﬁ&afmgb that the

t I

S%éusttbgs iﬁ?g?% %ﬁé n%sg&ft@lepﬂgz the rgvsvss f{%@% ﬁzételhiég Ehreégme @cnon
i 1§ opmEde Qf\ﬁhemwm ésandJét wem thheﬂcmma 6om2: 10pdest26n the row 72
3&1‘1%1&5 ec:t)é% iﬁfm @gh@&%gﬁ% ﬂ:%%)!oaf A ESRE m%nlggﬁ%ﬁ]qgo e@.f:nh other

t he. row Fur t her acilitate croge
éhﬁmla%%e??m?%$%mwwdpﬁinmdlﬂ4 each nozzle 22

|s substantj al | exa onal | a
. REO, as shown 1X Figure 5 of the dra}/mngs t%e substrate 16 has bond pads 76

arranged thereon which provide the electrical connections, via the pads 56, to the actuators

28 of the nozzle assemblies 10. These electrical connections are formed via the CMOS
layer (not shown).

Referring to Figure 7, a nozzle guard according to the present invention is shown.
With reference to the previous drawings, like reference numerals refer to like parts, unless
otherwise specified.

A nozzle guard 80 is mounted on the silicon substrate 16 of the array 14. The nozzle
guard 80 includes a shield 82 having a plurality of passages 84 defined therethrough. The
passages 84 are in register with the nozzle openings 24 of the nozzle assemblics 10 of the
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It will be_appreciated by those skilled in the art

that, when the nozzles 22 are displaced towards the =~
substrate 16, in use, due to the nozzle opening 24

being at a slight 15 angle with respect to the nozzle
chanmber 34 ink is ejected slightly off the

perpendi cular. It -is an advanigage of the arrangenent
shown in Figures 5 and 6 of the draw ngs that the
actuators 28 of the nozzle assenblies 10 in the rows

72 and, ,74 extend in the sane direction to one side

of T Sifk thes vheminkis cjqgiaddiom aneng efithegjoeale epnings4, thhink
027 ti2hh the bilBcibielbabésge Bilbe LhRink Bt pRhGfiLRL oM the

nozzles 22 in the row 74 are o respect to
each ot Tigy guardB0kYsiiddg s& BB BE “;s'%lv-g Hzx& %@ﬁn ity to:
i rrpr%ed grui nt qusél i_t)S/. Al ts%,gmggléseno ] [ [ g&?@‘%m&f“"e"“ﬁe
t heP OB 5% J4 fromytiamaging eantactevitlepapersdusbor thepisets’ fitGers. By forming
ar 1R RoRLSReR, MhbeRcB QY] 52l
connect i ons "_vi _g’ t he&ggg!g %g%%ag%ﬁgkoggﬁ%fﬁgarlg maighesfpat of the
t hAOR AT Kt aims i ereventthe Mmistages 84| in theshicld 182 Gomfalliig cnof
ar Qeghstr WA IRz A S G MR [ O B ot
Ref egﬁri ng to Fi guﬁea 7, ashén@zﬁg]e%é%{g?%p%gg%ﬁﬂ@’f“&gt he
pr &SRS \Jiligop dpljogvellisuitd. to adginate michensckiniag sing MEMS
Pr @¢hiiRs SR | ce rals refer to
e e At R E0, R BB Mo S og b8 nomte
guéFEPi5si% nounted on the silicon substrate 16 of the
array 14. The nozzle guard 80 includes a shield 82
havi ng '8° P4t 84 s mpueted pepacadeeiatigushipelativedo the nozzle assemblies 10
t iy lehiirop safls 86T Mhe oBficRRSS SOBS a%ﬂfl oferlidds nggg@gaeaf W th

e assenbli es

the nozzl e openings 24 of the nozz S )i

the Mhhidd,-wheh the afthy BYis iflopsrafibn, b &lch ' ' )
ej ggled fromgﬁ one of tt?gﬁnozzl e oﬁgﬁﬁﬁrﬁs&ﬁ%ﬁ‘%@ﬁgpe‘m@“

i R 0° foReed Moy ages §4 tpgetber withdnk fsavsling Hiravgh hegassages 84,
stri ki 150 rint. di,a. . Th uard 80 is silicon so

that i ﬂ%t@%& Pﬁtee“ﬁ%‘ﬂg@& Hepiras ﬁ‘@%ﬁt‘sr?hérﬁﬁfl thjoyghythe pasgages 84 at a
prdiffesent velovity ﬁmmtzthdtfaft&ﬁ irikirdpfletd 64? moﬂéﬁﬁlgiegtﬁe %gm@re&s 65‘-,‘ are

W I, u r User.s LN rs. arm ng

t ﬁie"@téﬁ 10 the rivzsics. i y¥e oqity &F GRRETASIL Vs o Fh i Fheeed through
etigaassages 84 atrstelnolty off dpyrominfaeheEnkhat of the nozzle

array. This ains to prevent the passages 84 in the
shi el d'hgpumessof thalairistg nwirtaintie pissgpes $4dleanbs foretdharticles. A

n I ri.nt d.heats up to its ngrmal
S%H?ﬁgg B sl DA oA TPt ef ol B B e
atEemblice I Qpdvemselyraffesting thoir apsratign VBB the provision of the air inlet

openings 88 in the nozzle guard 80 this problem is, to a large extent, obviated.

Referring now to Figures 8 to 10 of the drawings, a process for manufacturing the
nozzle assemblies 10 is described. - - '

Starting with the silicon substrate or wafer 16, the dielectric layer 18 is deposited on
a surface of the wafer 16. The dielectric layer 18 is in the form of approximately 1.5 V

microns of CVD oxide. Resist is spun on to the layer 18 and the layer 18 is exposed to

mask 100 and is subsequently developed.
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techni ques di scussed in greater detail belowin
relation to the manufacture of the nozzie 10
assenbl i esl 0. The shield 82 is nmounted in spaced
relationship relative to the nozzle assenblies 10 by
linbs or struts 86. One of the struts 86 has air inlet

-openi ngs 88 defined therein. Lg.use, when the array 14

is in operation, air is charged through the inlet
openings 88 to be forced through the passages 84
togethe% mnth i.nk travellln% t hrough t he passages 84.
15 The % brigs feyelorsth the jayerd ‘Wlllsﬁ@ etohed doymtttthe sificonilayer 16.
C hargesdist i6 (b 6fppddAndRe BP9 lg
vel ocity fron1tﬁ%t d?@?he |§§§%?%%'gpg %ﬁ?&ﬁgémemknﬂa
exZRPME 4% he ink droplets 64 are ejected fromthe
nozzl es 22 at _a velocity of apprOX|nater 3nm's. The
air is lﬂﬁﬁ‘ﬁt‘s& of K drayings approxms sy fesmB1png of alumyinkn ¢02 iy
of deyesitedoh MRLIS)eY 1. '] 5,[2&?

| élﬂ’@il n the %}assagee?ﬁé%bgnglg ee?hg{ué%’gﬁo%igf ¥ﬂ°§efdtt9ma* 104

yepPed | ftaéurmmp 102is plasthasetelied doymtotthendxils laysnutﬂ;nha&mst

| d Usststrippéd dng iR GevieOd kidaded! 'k‘lu?ﬁ%u%e{)‘g%s %Zb%tﬁ ?ahdg ?l}séll mterconnects to

10 adversely affecting their
pr ik ighictgator 3fe Thisinterarnaect isspanNM§S dBe irmsistoe amdazokver plane

QUHH odiledihmie APHEBMOD InJeP ey bigh e extent, obvi at ed.

Referring now to Figures t he draMAngs a

proces &pfn@hglémg‘{f Snbcknk Bﬁ’ﬁd@ nifRfe4d 93?@(?%%4 81?(0% gasswatlon

descrlbed tartlna wth the SI|I n su
walf¥ 29 gResjshis spHnomend the fayer 20 dy expgsedl tp ruresp 86 whxleaBer it ia

S LHeﬁrﬂGﬁéd Oh fbMRvaNGHuShnt, &R mh:mﬁs ﬂ'aﬁxllae&(!h"ea &ov%nat% ai|u§mnd§n laPer

é@ w10f approxi mately 1. m crons o
2 2pd the S‘L‘iﬂ?ﬂ%ﬁlé i3 ﬂteﬁw%aféhe inlgt aperthre #2 Theyasist is Stripged and

exmaﬁﬁﬁeMQuwmask 100 and i s subsequently devel oped.
Ml 21 - AU -9- After being devel oped, the layer 18 is

pl asnaAeatyaﬂed oflD¥BrificRal i @risliid 4p&R Bn {oaucelayel- 6e. ﬁlé%{«:??ds% 6
18 i s cl'eaned

|s .Lhen ar ed and the | ayer
8‘“&%‘1"?’ RIQSTREVS PRIl appegsipately & Maof high ternnpgume Bhist.
OfIhE 19erd 0 sBfisak e PR iR RbREY 10k M (F&&Pe%ﬁé}fu i¢ héUéiogeL&“ The

1 2 is 5 deposited on the sayer 18. Resi st

;8 I%Pﬂmafﬂhﬂfeﬂ BDA00LC fox p@é@ar vhererths layq:ans 1sannipnsed of
I hed, d
EM g%@egtg al %gg?zﬂiag% c hge%gthes Fyg 169 g%g%tté:mp%rauug yg’lmst Qisto
be noted in the drawings that the pattern-dependent distortion of the polyimide layer 108

caused by shrinkage is taken into account in the design of the mask 110,

In thg next step, showﬁ in Figure 8¢ of the drawings, a second sacrificial layer 112 is
applied. The layer 112 is either 2 pum of photo-sensitive polyimide which is spun on or |
approximately 1.3 um of high temperature resist. The layer 112 is soﬁbaked_and exposed
to mask 114, After exposure to the mask 1 14, the layer 112 is developed. In the case of the
layer 112 being polyimide, the layer 112 is hardbaked at 400°C for approximately oné hour.
Where the layer 112 is resist, it is hardbaked at greater than 300°C for approximately one

hour.

A 0.2 micron multi-layer metal layer 116 is then deposited. Part of this layer 116
forms the passive beam 60 of the actuator 28.
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is stripped and the device is cleaned. This step

provi des the bond pads and interconnects to the ink

jet actuator 28. This interconnect is to an NMOS drive
transi stor and a power plane wth connections made in
the CMOS | ayer (not shown). to Approxinmately 0.5

m crons of PECVD nitride is depgsited as the CMOS
passivation |ayer 20. Resist is spun on and the |ayer
20 is exposed to mask 106 whereafter it is devel oped.
After devel opnent, the nitride is plasm etched down

to the ARiAyendif is fpmed byipetiesing wmf of titanguomnikridg €TINY 6 around

t hesgoagk js L 42 e resist i e
St s ool by sptcHlt SIA SREEANA Fildp oy 4R 10 ogrivis
sacpitteres calfolivested by 50A o&Tadipuidha fipthe:l 0004 drapper 20. The

| ayer 108 is 6 mcrons of photo-sensitive polyimde

or appr Gtherreaterials whichahn be whd ingteqdeif TN TIBSMSSI, or (THANN.

| ayer 108 is softbaked and is then exposed to mask 110
wher eaf Thedayer 11i64s @enaxbenodth. mabk 138, Hevglopedld8 plasmd &i€d down to

hangthalee o 2abn wWhere the layer 108 is .
corrpr?%ed of eég@ yi %{’8@?’ g? ﬁg#{ eé?ygra{@rlsf”ﬁ%ﬁ?’éﬁée%%&?r%mt to
t h&emayy ée cuigd layers ho&gin 1iznperat ure resist. It.is to 20

be noted in the draw ngs that the pattern-dependent

di st or t id ederifi¢ial lgyet 1201 apeliddebyapindifon ¢ pmEghddysensitive

O ) hat s : he dosi foh
oA or S 260 B SR s oS e
dr atregies it 18 oRRBAIG nBACTNT Thé Apode@ 5t idthén B eloARRbIELd by
Thﬁ ﬁ% er 39112 IS ejther. Zﬁfm of photo-sensitive
pold %@' the fase of nolyimide fhedpyer !a%pﬁ bariltraliededt 4OOPCForpm of
hi BRIy S| he,l.ayer i S . )
slo baked. aﬁ% lﬁé%poggtzéé‘%% ﬂ}-ggg?gagﬁv%‘ffﬁezlﬁsf &0 omprEs Fesist:
toth . r I S. devel ope ln the .
case of e el Do Ll ed B SRR d20. s popipentsof
i stholayed therkasel thg sanaR Gheflayrer BiSpnG suic apsiliell jh the ente@rtinner. It will be

i ' Lst, Jt s hardbaked at

Wh%ﬁr%mﬁt&ﬁthét%%gxgggsle 16 &nd B3 a2 elec{né?.ﬂy oo cgy]eg

greater than or approxi m B A 0.2

i CIr ONTHE WAV e i | Sj .
Par L o L Ee 1y ot b el ol SUORY, IR0RI Eh
ofPeST etehed dayp o thepolyjmide opgesist {ayer 1A9cvHeropfier résisbariplied for the

Oy Yo o : . . i de. ( Ti .
a% ar o E%wsg%l ﬁ;f ol l om%tjeqﬁ%g%otvtgge ?:Hﬂge&?g%‘s cl)?é’? gznéralizﬁ!)rr%t will
n’t P‘?-‘f‘fg F-fapNpmaining part ¢fdhe layep 8@ defpes thengcliee beam 58 of the actuator

A fourth sacrificial layer 128 is applied by spinning on 4 pm of photo-sensitive 4
_polyimide or approximately 2.6jum of high temperature resist. The layer 128 is softbaked,
exposed to the mask 130 and is then developed to leave the island portions as shown in
Figure 9k of the drawings. The remaining pbrtions of the Iayér 128 are hardbaked at 400°C |

for approximately one hour in the case of polyimide or at greater than 300°C for resist.

As shown in Figure 81 of the drawing a high Young's modulus dielectric layer 132 is
deposited. The layer 132 is constitutedA by apprdximately lpm of silicon nitride or
aluminum oxide. The layer 132 is deposited at a temﬁcrature below the hardbaked
temperature of the sacrificial layers 108, 112, 120, 128. The primary characteristics
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sputtered on foI | oned by 50A of TaN and a further

1,000, of TiN. Other materials which can be used

instead of TiNare TiB" MoSi2 or (Ti, AL)N. 5 The

| ayer 116 is then exposed to mask 118, devel oped and

pl asma etched down to the layer 112 whereafter

resist, applied for the |ayer.4{416, is wet stripped

taking care not to renove the cured | ayers 108 or

112. A third sacrificial | ayer 120 is applied by
pm of photo-sensitive polyimde or

spi nni n
ap HP‘B‘)(P%@F @IIS)AICZGOEIWW 2 areningh elastic modudus, sltemichhimertraysaind

12 ob@aﬁ%&ﬁé‘fﬁ@ 10 whereafter it is exposed to mask
1 The exposed | ayer is then devel oped fol | owed by

hard b i t

har dba%gg ﬁg?acﬁg%% 81? ég'g% % s%‘fn%g% ﬂﬁ% u$%8{°'35’l’s‘twe

gr eaﬂytemdé happrBﬂ?ﬁiel&PtGﬂﬁT 6%@&&1«&&&1&?&&6@ miag 14a§&51 34 is softbaked,
resis ond multi-layer nmetal |ayer i's

L p YRR 1P Bt Pad davelonsd, Theremaiging ppigeaf e loyer 1341 then

| ayigtbakedat 3@ Clihions w%ild@ [£ 0
applied in the sarlrleﬁggr?ﬁé?&dg@dtﬁy ) fggt%é% ?00 C for
t hBerssth | ayers 116 and 124 are electrically

conductive |ayers. The |ayer 124 is exposed to mask -
126" andhs dicleptanlayks\i 82 isplagma Tpted Kawmeto thedsicrificial lyarsing taking

et ey (lodeind BUDRING fiGepsa! o1 St | ayer 120

wher eaf t er reS|st app [ r the layer 124 is wet |

stri ppesisk F I
108 Stin o‘?ﬂﬂgézi%esqﬁ{ SozBlopdnfhg A Y Vé’ﬁﬁ“ E&{{@Q‘Féea%é&ﬁ 3 g the

BESSERRLY Gy er 124 defi nes the active beam 58 of
the acé 20 28. fourth sacrificial layer 128 is
appl i e %@%“HPW?@“‘EHICA?G%IW 138 dt dsmesiteds j This/layer 138 is formed
P Wy \epbstiiRg 02pARPERIn RS o akinfiil &ﬁﬁb%%ﬁ%ﬁ?ﬁ%{%’lﬁ% the

resist. The layer 128 is sofi haked expose
reetdbaked) temperatuse of thersaetifigial loyresll 0801 I26k20@nd 128 s| and
portiops as shown in Figure 9k of the draw ngs. The

r emai 178 % StPPdhEisere SpRrEthe dypwings, 88 leee] 1 attiekropically plasma

4QfRed2b aligpth Wﬁﬁbﬁﬁi efhis hSs RHAed 9 bR RS Sor fr%m all of

d ter than 300C for re t
P Rbestudies &xcgi o vl pEir fgioer ol | Yo dnaserrisilloser 156,

diThis e@p trefted thy@Rizzld A I6Sarouel® B SbiRpenthlE2d IMEH "phR2thb Sheniscus |
Coﬂfﬁf"l t'f#sgt%egéba proxi mtely 1mof silicon nitride or
‘he Iayer 132 is deposited at a
tenperat har dbaked tenperature of the
sacri OIIPSQIZ%S' tapg {90 1s gppfjed. 1hum of rpsist fsyspyrgnyto a rear of

thﬁﬁﬁfidn&{/dfé‘rtl 6.CFhe WAKrAk-i®ddposed to mask 142 to back etch the wafer 16 to
define the ink inlet channel 48. The resist is then stnpped from the wafer 16.

eCl a

.)

A further UV release tape (not shown) is applied to a rear of the wafer 16 aﬁd the
tape 140 is removed. The sacrificial layers 108, 112, 120, 128 and 134 are stripped in
oxygen plasma to provide the final nozzle assembly 10 as shown in Figures 8r and 9r of the

drawings. For ease of reference, the reference numerals illustrated i in these two drawings

 are the same as those in Figure 1 of the drawings to indicate the relevant parts of the nozzle

assembly 10. Figures 11 and 12 show the operation of the nozzle assembly 10,

manufactured in accordance with the process described above with reference to Figures 8
and 9 and these figures correspond to Figures 2 to 4 of the draﬁvings. .
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-11- required for this -dielectric layer 132 are a

hi gh el astic nodul us, chenical inertness and good ~ 7

adhesion to TiN. Afifth sacrificial layer 134 is
appl i ed by spinning on 21i mof photo-sensitive
pol yi mi de or approximately 1.3m of high tenperature
resist. The layer 134 is softhgked, 5 exposed to mask
136 and devel oped. The remaining portion of the |ayer
134 is then hardbaked at 400C for one hour in the case
of the pqh imde or at greater than 300C for the

resi st tv ée RpPeqciatad by perseny skilladsip theqrtthay swmereusyadationoanor
t Ombdificatig®ihdy el b ; ; i
o U e LN e A Din E Aofimep it
defspartiag frora thespisit er sepnedf thy invgntionise bioadly desenitied.2 Cheameent

t hey _ N
Vormngient s el Rt e AP pte 2l g nor
THed¢NGer 138 is formed by depositing 0.2m of
silicon nitride or alumnumnitride at a tenperature
bel ow t he hardbaked tenperature of the sacrificia

| ayers 108, 112, 120 and 128. 15 Then, as shown in
Figure Sp of the drawi ngs, the |ayer 138 is :

ani sotropically plasma etched to a depth of 0.35
mcrons. -This etch is intended to clear the dielectric
fromall of the surface except the side walls of the
dielectric layer 132 and the sacrificial |ayer 134.
This step creates the nozzle rim 36 around the nozzle
-openi ng 24 which "pins" the neniscus of ink, as
descri bed above. 20 An ultraviolet (UV) rel ease tape
140 is applied. 4mof resist is spun on to a rear of
the silicon wafer 16.. The wafer 16 is exposed;to. mask
142 to back etch the wafer 16 to define the ink inlet
channel. 48. The resist is then stripped fromthe wafer
16. A further UV rel ease tape (not shown) is applied
to a rear of the wafer 16 and the tape 140 is
renoved. The sacrificial |layers 108, 112, 120, 128 and
134 are stripped in 25 oxygen plasma to provide the
final nozzle assenbly 10 as shown in Figures Sr and 9r
of the draw ngs. For case of reference, the reference
nunmerals illustrated in these two drawings are the
same as those in Figure 1 of the drawings to indicate
the relevant parts of the nozzle
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assenbly 10. Figures 11 and 12 show the operation of
the nozzl e assenbly 10, manufactured in accordance
with the process described abovewith reference to
Figures 8. 30 and 9 and these figures correspond to
Figures 2 to 4 of the draw ngs. M121-AU -12- It w |
be appreci ated by persons skilked in the art that
nunmer ous vari ations and/or nodifications my be nade
to the invention as shown in the specific enbodi ments
wi t hout - departing fromthe spirit or scope of the

i nCBAIMSh as broadly described. The present

enbodi nents are, therefore, to be considered in all -
r ebpech prinder hipvihgsat deasitone prindhedd, I’ﬂlﬂ at&astest printttead/iacluding:

(I\)/géZér ?&nJ?rﬁ% %Le Q@treﬁ])ec Qﬁc' fsl nat%hea éct PLEI% a media

an arra\}bsaﬁte,raod,zl es and. respect ive ink ej ectors that
subst

K
B T L R e S

With thémnzwerlor of t he array of nozzles; said

nozzl e guar n_.arra assa

regi strat ISS% W dg' RN é{m of PRTBY re%lg%?n%ih thegray of
i npede th elombafsrmhs fiat &) :mpt:dazrtbe !mﬁ'millm_]ebtﬁi’y of e dikagectet @in each
each nozzle h of, sai d assa es hav i nner

end adj ace ﬁfﬂ?’ ﬁ r? 67 Ressaggs e 9% ﬁ?de{b%gﬁ’(ﬁ tqgé’ﬂ@[eé and an
fromthe mnwzﬁﬂsamsaﬁdeszbﬂmguard i ncludi ng at | east
one fluid £, 0 - o) ication wth

t he |nnerség &agﬁﬁyﬁg“%§§§§gg§“?ﬁgﬁw¥g%¥@$mWﬁgﬁ ng a
sour ce of compreeaion with thefibner ehds of the passhgesomuni cat i on

W t h ttF u? %r ulcﬁ%ﬁ{g a%ol?rcéc ltl'zlll ges's njzeeJ u%) nd ?cg%mmvmuf.}gae rtfeolﬁlnthh the

said f passes -t hroug ag
i nner atheds oneoflidhimlay upeamgemlmbsem Sand ﬂm&l pdzbds thrbughlsaid babsdgps from

of fo rtf?é %Q@Jstté &1' gﬁtﬁo&ldé It'}) g?éle bl up c?f)(“orelgn particles on th

nozzle array , :

2. A printer according to claim 1 wherein said fluid passes through said passages at a
velocity that is less than the velocity of the ejected ink '

3. A printer according to claim 1 wherein ink droplets are ejected at a velocity of 3m/s.

4. A printer according to claim 1 wherein the fluid is passed through the passages at
1m/s. '

5. A printer according to claim 1 wherein the nozzle guard includes a nozzle shield, the

passageways formed in the nozzle shield.
6. A printer according to claim 5 wherein the shield is formed from silicon.

7. A printer according to claim 1 wherein the nozzle guard includes supports that

support the nozzle shield on the printhead,
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2. Aprinter according to claiml| wherein said fluid

" passes through said passages at a velocity that is
| ess than the velocity of the ejected ink 20 3. A
printer according to claim1 wherein ink droplets are
ejected at a velocity of 3mls. 4. A printer according
to claim1l wherein the fluid j,g_passed through the
passages at Ims. 25 5. A printer according to claim .
| wherein the nozzle guard includes a nozzle shield,
the passageways forned in the nozzle shield. 6. A .
printer according to.claim5 wherein the shield is

formed fromsilicon. .30.,7. A printer, accqrdi to, .

ol & m 14 RRAFEF iR fl5Y3 7 Ehg ity SRR ARy dpied wits the
t hahield thoappdrtstitiudigzazlat oSdpaek dupport elemets biivaingdrranged at each
Nﬂl%é}ﬁy -14- 8., A printer according to claim?7

whEPESTAnG 082 higldr ts are integrally formed with the
shield, the supports including a pair of spaced

support, el enents _one being arranged at each end of

Che noA P RFarine (8 clgim g’b?ff“ﬂ rudinlst QRepiges a5e areagsdinone of
Wheie@higpoftRRmbAtsli d i nl et openings are arranged in one °

of. the support elenments. 10. A printer according to
claim8 wherein the fluid inlet openings are arranged

inig.he o ﬁ;rgltei BB (6 HERE QA Re uld 91 GeRARdr ARG in the
t he noz% e arra rinter according to claim!|l

.11, A pri _
whEPRPThelpTRent remgtefiqmya bend pad of thewogele ga% according to
claim1 wherein the source of a pressurized fluid is a

pqu. MI121- AU . . L
1. A printer according to claim 1 wherein the fluid is air.

12. A printer according to claim 1 wherein the source of a pressurized fluid is a pump.
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