-1 PRI NTER AND PRI NTHEAD W TH ACTI VE DEBRI' S PREVENTI ON
Co- Pendi ng Applications Various nethods, systens and
apparatus relating to the present invention are

di scl osed in the follow ng co-pendi ng applications
filed by the applicant or assignee of the present

i nvention on 24 May 2000: PC:T/ AUOO/ 00518,

PEPRANDERQS DRIV BADOWIASE A, CHVE PEBRISEREVENTION
PCT/ AUCQ' 00522, PCT/ AUCQ 00523, PCT/ AUOCQO 00524,
PCT/ AUCO 00525, PCT/ AU00/ 00526, PCT/ AU0O0/ 00527,

CREBhAIRY APiRatioRET/ AUD0/ 00529,  PCT/ AUOYY 00530,
PCT) ACEFDOE PO A BB AA e AL oR gt imvention ar

disCloéd\IORE FESHing cBPEANNE AHAIRARENs MEd /WO IR i £
I G s I Ry i ear or assigree o

theqggyent m@emosYE: 2499y A0y 00544, PCT/ AUOQ 00545,
PCT/ AUOQ 00547, PCT/ AUOQ 00546, PCT/ AUOQ 00554,
PCT/ AUOQ 00556, PCT/ AUOQ 00557, PCT/ AUOO/ 00558,

PCT P& 1008091 8, PCTT AUGDY 008 D6 b T/ REDAIISRH, AFG AU00/00521,
PCT/ AUOQ 00562, PCT/ AUOQI 00563, PCT/ AUOQ G0564,

PCTPATORU0056522, PCH)/ AUG0I00685 6’ CTRETIOAN0SR 4 3R 817 AU00/00525,

CT A0} D089 126 BE ALERB08 3 1 SEH SR g8 uooroos2s,

PCT P90 18000643 0, PET/ AUQRY 0931 PCTR&T00Wa8s D ARTH AU00/00533,
PCT/ AUOQ 00577, 'PCT/ AUOQ 00578, PCT/ AUOQ G0579,

PCTPAIBAI00%8134, PRETAROOQ06DS T T/ RUDOA0G DS, RIBBALU00/00537,

e Phdeey BBRSs B/ Ao 8 b PAESFb 4R uonoosar,

PCTp&90R(1869342, ST/ AU0E 10859 DT &TnOMOAS 84 A TU00/00545,
PCT/ AUOQ 00585, PCT/ AUOQ 00586, PCT/ AUOQ 00594,

PCTPAUOE 0009547, PCT AUOG00648 8 CT/AU00/00554, PCT/AU00/00556,
PCT/AU00/00557, PCT/AU00/00558, PCT/AU00/00559, PCT/AU00/00560,
PCT/AUQ0/00561, PCT/AU00/00562, PCT/AU00/00563, PCT/AU00/00564,
PCT/AUQ0/00565, PCT/AU00/00566, PCT/AU00/00567, PCT/AU00/00568,
PCT/AU00/00569, PCT/AT00/00570, PCT/AU00/00571, PCT/AU00/00572,
PCT/AUQ0/00573, PCT/AUQ00/00574, PCT/AU00/00575, PCT/AU00/00576,
PCT/AU00/00577, PCT/AU00/00578, PCT/AU00/00579, PCT/AU00/00581,
PCT/AUG0/00580, PCT/AU00/00582, PCT/AU00/00587, PCT/AUQ0/00588,
PCT/AU00/00589, PCT/AU00/00583, PCT/AU00/00593, PCT/AU00/00590,
PCT/AU00/00591, PCT/AU00/00592, PCT/AU00/00584, PCT/AU00/00585,
PCT/AU00/00586, PCT/AU00/00594, PCT/AU00/00595, PCT/AU00/00596,
PCT/AUQ0/00597, PCT/AU00/00598, PCT/AU00/00516, PCT/AUQ0/00517
PCT/AUQ0/00511, PCT/AU00/00501, PCT/AU00/00502, PCT/AU00/00503,
PCT/AU00/00504, PCT/AU00/00505, PCT/AU00/00506, PCT/AU00/00507,
PCT/AU00/00508, PCT/AU00/00509, PCT/AU00/00510, PCT/AU00/00512,
PCT/AU00/00513, PCT/AU00/00514 and PCT/AU00/00515.
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PCT/ AUCQ' 00597, PCT/ AUCQ' 00598, PCT/ AUO0O/ 00516,

PCT/ AUOO/ 00517 PCT/ AU00O/ 00511, PCT/ AUOCO 00501,

PCT/ AUCQO' 00502, PCT/ AUOCQ 00503, PCT/ AUOCO 00504,

PCT/ AUCQO' 00505, PCT/ AUOCQ 00506, PCT/ AUOCO 00507,

PCT/ AUOO/ 00508, PCT/ AUOCQ 00509, PCT/ AUO0O/ 00510,

PCT/ AUOO/ 00512, PCT/ AUOO/ 00?513 PCT/ AUOO/ 00514 and

PCT/ AUO O/\Q@Eﬂﬁ meMbﬂ?,]syS@n‘s{and apisaramas fddig 16 yisd gosenait@ention

a rat us ting to the present invention are )
argy 8@@96@@8‘ il lpwings0-peadmg arplipations fdeddppihe applic@ptor assignee

Ofifﬂirlélﬁﬁsem’lrﬁzlaﬁt &Jjg(p%%&g?l assi gnee of the present

tion on une PCT/ AUO0/ 00764,
PCT/ AUCO 00765, PCT/ AUOO/ 00766 and PCT/ AUOO/ 00772
ELD OF THE | NVENTI ON The ,lpresent i nvention rela
PQUAMO(ROQQ‘LI%T@WW% AU P 788004 BGFFé?xUOO/ﬁW?et
printers. BACKGROUND TO THE I NVENTION Ink jet printers
are a well known and widely used formof printed nedia
production. Colorants, usually ink, are fed to an

FIRLPOIOTHRN INVERTPOS8SSOr controlled nozzles on a
printhead. As the print head passes over the nedia,

col oran tl“%]h ére@i:tﬁ 9{%\%ﬂti01f1 Fe‘f{%ﬁl %%ngterd%%ecgg Plfood%létloe%}&d Ap é)Frtlcular

produce
rfornance depends on factors such as operating cost,
mgFtHFﬂ §Fal i ty, operating speed and ease of use. The
mass, frequency and velocity of individual ink drops
ejected fromthe nozzles will affect these performance
paraneters. In general terns, smaller, faster

BACKGROYN) O PHEUNVENTEON r equency provide cost,
speed and print quality advantages. In light of this,

L ﬁ p]ﬁ%ﬁel@ B LY REN kHOWH 2l MRy Rk B e 8E RS HBaho

production. Colorants, usually ink, are fed to an array of micro-processor controlled
nozzles on a printhead. As the print head passes over the media, colorant is ejected
from the array of nozzles to produce the printing on the media substrate.

Printer performance depends on factors such as operating cost, print quality,
operating speed and ease of use. The mass, 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 frequency 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 ejected. Recently, the array
of nozzles has been formed using microelectromechanical systems (MEMS)

technology, which have mechanical structures with sub-micron thicknesses. This allows
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size of the ink nozzles and thereby the size of the
droplets ejected. Recently, the array of nozzles has
been formed using m croel ectromechani cal systens
(MEMS) technol ogy, which have mechanical structures
wi th sub-mcron thicknesses. This allows M121-SG - 3-
t he production of printhead?‘that can rapidly eject
thé proddetinml ceftpsingieadckhitrean hepidlyefuct inkelr¢plets 32ed h the hidlitre (x
range. \Wile the mcroscopic structures of these
108%ipd)eRds can provide high speeds and good print
guality at relatively |ow costs, their size nmakes the
nozzl esy.extirenely fragil e and vul nerabl e to damage .
from ¢ ndvIB7E i PlerbscoBtbanprfitiog iteR GERedis cfn PEPRekuen
medi a_substrate. This_can make the printheads
spegehs pad gpedprint guality sy relasivelydawi o, theik size makesthe appeles
| evel of robustness is necessary. SUWARY OF THE
extréfuElNTra@ie Aot ouldémbleyto dehegepir@n élnd slightesthdoneat with fingers dust
a nozzle guard for an ink jet printer printhead with
or & BédiRYuitrafRO 7Rl Esin 3huke rtWEéa\ﬂ@ iRfa Q&I for%ztﬁlgtaggﬁcaﬁons

nmeans for ejecting colorant onto a substrate

' - r e nQzzl e quard is adapted to be
“&%%%€%$%%%%@?6gﬁﬂhﬁgg?s%éﬁggﬁgﬁ contact with the

exterior of the array of nozzles. In this

specification the term"nozzle" is to be understood as

an el ement defining an opening and not the opening
SUMABARY OF HRE ANMENTH¥NNnozzIl e guard has a shield

covering the exterior of the nozzles wherein the

shisekerdbepgy, @it Bregeay indEntRASHS0ESs 4 RoAzROkfkd il la® Tiet Printer

the array of nozzles so as not to inpede the norma

1 I C e, .
prip AR B aftoy b oA Bp S G L6yl HRAE Den B et

urt ererre or orne
il T I d furth i ncl.ude fl ui
co]]%)%ﬁnlégr?tgmﬁewp%bagg %oét?eemﬂ#%i; thgé{n th%rnozz E} glua?r%l isu a apted% e

positioned to inhibit damaging contact with the exterior of the array of nozzles.

In this specification the term "nozzle" is to be understood as an element defining
an opening and not the opening itself.

Preferably, the nozzle guard has a shield covering the exterior of the
nozzles wherein the shield has an array of passages in registration with the array of
nozzles so as not to impede the normal trajectory of the colorant ejected from each
nozzle. In a further preferred form, the shield is formed from silicon.

The nozzle guard may further include fluid inlet openings for directing
fluid through the passages, to inhibit the build up of foreign particles on the nozzle

array.
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fluid through the passages, to inhibit the build up of
foreign particles on the nozzle array. MI121-SG -4-
The nozzl e guard may include a support neans for
supporting the nozzle shield on the printhead. The

support neans may be forned4jntegrally with the
shield, the support neans conprising a pair of spaced

suppor t Tak enerit guant malyénahadear suppoie theahs foe agppoetiek HE nozzle
the nozzle shield. In this enbodinment, the fluid inlet

shRRESH H@DriteieRe @hé APGSH nhdanPRRy B fiRd iRPRAY Wwith the shield,
el ements. It wll bé appreciated that, when air is

' 0.t he openi ngs, over . the nozzle arra
hEHEBE By SN pAEEE GRS wREST sl P Peenied o
artjcles on the_ nozzle array is inhibited. The fluid

fmahﬁgbﬁgg%ﬁﬁ4ﬂﬁﬁhﬁ$} be arranged in the support el ement
renote froma bond pad of the nozzle array. The
i nvent i &nthéserebdismentsibe flmidningat iopétingsdnipbe amangak ifj @te of the
printer, the printhead including: an array of nozzles
sugmh sleap@st i ve col orant ejection neans for ejecting
colorant onto a nedia substrate to be printed; and, a

i bt s BRI PR BRER ShBORF i Sprines, over
theidr iy ot A Risph Sttt e RHise Op B ERges on te
from bei ng touched or bunped agai nst nost ot her
nogzle paeess inhibiteht i mi ze the protection provided, the
guard forns a flat shield covering the exterior side
of the The fluid 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,
a nozzle guard, as described above, positioned to inhibit damaging contact
with the exterior of the array of nozzles.
By providing a nozzle guard on the printhead, the nozzle structures can be
.protected from being touched or bumped against most other surfaces. To optimize the
protection provided, the guard forms a flat shield covering the exterior side of the
nozzles wherein the shield has an array of passages big enough to allow the ejection of

colorant droplets but small enough to prevent inadvertant contact or the ingress of most

dust particles. By forming the shield from silicon, its coefticient of thermal expansion
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nozzl es wherein the shield has an array of passages
bi g enough to allow the ejection of colorant droplets
but small enough to prevent inadvertant contact or the
i ngress of nobst dust particles. By formng the shield
fromsilicon, its coefficient of thermal expansion
MJ121- SG -5- substantially ffat ches that of the nozzle
subgtaratially iitchogithat ofitlemotele prrey €Tlis kHiE halprta yreventans sigest
in the shield fromfalling out of register with the
P R T P e i e AP L e oiBom
Furt heryor.e iJicon is very strong and anti.ally
e oI b eeabshi R e S TR FResides
Preferred_enbodi nents of the invention are now
Fugtbemnqrpelicopys wery seengsadhpbstantgiinnongefqmableer ence to
t he acconpanying drawi ngs in which: Figure 1 shows a
t hree di nensional, schematic view of a nozzle assenbly
for an ink jet printhead; Figures 2 to 4 show a three

di "BEEFPESCRIPFION OF THEHIRAWNGE! an operation
of the nozzle assenbly of Figure 1; Figure 5 shows a

nozzl'e asserbl y of i gure hows
an PRt EEAR R Rt e o RS B RS RYERY by B ot

cale, part of the array of Figure 5; Figure 7 shows a
onph AR TaTEHEGS tg RcsATERINBInE dFaWiRgS nevhighi nt head
including a nozzle guard, in accordance with the
i nvErguroh shdwgputhes Bmensodil, sshomatidwiee ofib merdé assainbly for an
views of steps in the manufacture of a nozzle
inlefes gifthyaddf an ink jet printhead; Figures 9a to 9r

show sectional side views of the manufacturing steps;

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 enfarged 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 a
nozzle assembly of an ink jet printhead;

Figures 9a to 9r show sectional side views of the manufacturing steps;

Figures 10a to 10k show layouts of masks used in various steps in the

manufacturing process;
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Figures 1 Oa to 10k show |l ayouts of masks used in
various steps in the manufacturing process; M121-SG
Figures 11 ato 1l 1 c showthree dinmensional views of
an operation of the nozzle assenbly manufactured
according to the nethod of Figures 8 and 9; and

Figures 12a to 12c show sectonal side views of an
opeFadures 1afto tt hestoz ke dimeagshil yiewfhaopeaaoh of the nozzle
according to the method of Figures 8 and 9. DETAILED

as%ﬁgﬁﬁ?flg?ailﬁ o abbbraRAYNGS 1RG4 gfﬁfgﬂ&s's i9ahﬂ1d/ to

the draw ngs a Nnozzl e "asse ,

D g st B bl R o 3R ol PR ah oG

a plurallty of nozzle assenblies 10 arran ed in an
asggrpbdy mpguiariugrdrasgondingia thegnethpd af Eignies Sran 3l9bst rate 16.

The array 14 will be described in greater detai

bel ow. The assenbly 10 includes a silicon substrate or

wafer 16 on which a dielectric layer 18 is deposited.

Dﬁ\rﬁimn@ﬁscmwmw GFIHEDRAWIRRSSI ted on the

ectric layer . Each nozzl e assenbly 10 incl udes
|le 22.defi.n n n n
conﬁs oiind iy Fhih ”F &1 8P f FoBRED A2 eximbby ingrsordamoe
actuat or 28, The Iever arm 26 connects the actuator

withgthe @nviegton, wﬁﬁl@@tgd gonsralpydurthe Feiepraeamavnesllf 1A ink jet
Figures 2 to 4, the nozzle 22 conprises a crown

priptread bas éBpluvalitymﬁncszk]erassqnﬂﬂies 00 aB2nghd pe anl gy 4 (Higurhes and
crown portion 30. The skirt portion 32 forns part of

6) 3n R&MideR|uranld. THe arahQ22)ifl vellRERBEd Bt gredREINATBLEW.
opening 24 is in fluid communication mn%% the nozzl e

ch a:ﬂg@ ésusrglﬁigw ch ldntcfltlthQs cps?ié@oglte %@s&ﬁgéﬁvg T 1%8& %&Jh?choep gi@fegt%c
laﬁagéf %Hg%ﬁl( 7 %MC?S pas)szvanon 1aygrd£/0 is de;l)cpsil(teg 811 ithe (}wlectrlc layer
18.

Each nozzle assembly 10 includes a nozzle 22 defining a nozzle opening 24, a
connecting member in the form of a lever arm 26 and an actuator 28. The lever arm 26
connects the actuator 28 to the nozzle 22.

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 the crown portion 30. The skirt
portion 32 forms part of a peripheral wall of a nozzle chamber 34. The nozzle opening
24 is in fluid communication with the nozzle chamber 34. It is to be noted that the

nozzle opening 24 is surrounded by a raised rim 36 which "pins" a meniscus 38 (Figure

2) of a body of ink 40 in the nozzle chamber 34,
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MI121-SG An ink inlet aperture 42 (shown nost clearly
in Figure 6 of the drawing) is defined in a floor 46
of the nozzle chanber 34. The aperture 42 is in fluid
conmuni cation with an ink inlet channel 48 defined

t hrough the substrate 16. A wall portion 50 bounds the
aperture 42 and extends upwdrdly from.the fl oor

por troink 4@ et apeueki2r (shavat fosttl@2ly iaFidupels 6ot AraaYFis
of the nozzle 22 defines a fi rst part of a peripheral

i :nniiﬂ%“}?g?gﬁ% &F)Z%‘L%t afoeng o BRRu s RPICT
4. T
coff P UERA YD 257 inlfy S el 48 AR ek b hte 16

fluidic seal which inhibits the escape of ink when the
noz A4 walh poition d0oradsettic apastups 1 anbextendsaipipetly from the floor
greater detail below It will be appreciated that, due
pottior 46 Thesskrs poyion B2} dsdndicatkd dbbvanel thbaosmal? defines a first part
di mensi ons of the spacing between the lip 52 and the
of %@eﬁbh&ﬂr&ﬂpﬂi‘f the fozAd EnanfHRE 4 Lyg ?1' f ls)qml)ﬂ f?? étfzf R84 second
sur ace tension function as an effective sea
|b|t|n e of t he nozzl e chanber
‘Hﬁﬁ?%&gPagwéﬁ°§@PF@Z§EPH l?ﬁrl%q]end actuator and is
connected to an anchor 54 extending upwardly fromthe
subdte stall SPdapg pn inypprdlyslitested iip 21y it8 ﬁéﬁﬁm%@h@w@sves asa
passi vati on | ayer 20. The anchor 54 is nounted on
flugdin derd twilnih iphithts 86 esbripelof irdr whanthe abedé 22 &sadisplaced, as will be
connection with the actuator 28. The actuator 28

deSaIrRd it BRater 8thiBbeloWC Ui %8l REHM-&&ta] that) aﬁéitoathe\éﬁc@sny of the
second, ~ passive beam 60. In a preferréd enbodi nent

% B @%@%@0&% N A e
ans have the|r first ends anchored to the
32 ﬁe 3 eaﬁ Y2 ang spefacsd cnviers funghionees Aeitestiveeabion
26. Vhen a current is caused to flow through the
inkibiting éheeseancss inkh&omthe sogrdmdianbend4.t he beam 58
results. As the passive beam 60,
The actuator 28 is a thermal bend actuator and is connected to an anchor 54

extending upwardly from the substrate 16 or, more particularly from the CMOS
passivation layer 20. The anchor 54 is mounted on conductive pads 56 which form an
electrical connection with the actuator 28.

The actuator 28 comprises a first, active beam 58 arranged above a second,
passive beam 60. In a preferred embodiment, both beams 58 and 60 are of, or include,
a conductive ceramic material such as titanium nitride (TiN).

Both beams 58 and 60 have their first ends anchored to the anchor 54 and their
opposed ends connected to the arm 26. When a current is caused to flow through the

active beam 58 thermal expansion of the beam 58 results. As the passive beam 60,
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MI121-SG - 8- through which there is no current flow,
does not expand at the sane rate, a bending nonent is
created causing the arm 26 and, hence, the nozzle 22
to be displaced downwardly towards the substrate 16
as shown in Figure 3. This causes an ejection of ink
t hrough the nozzl e openi ng P4 as shown at 62. Wen the

thoogl edidfthére ad nd surreditflveddods moneipaad actht ¥endeadaFRnding
i.e. by stopping current flow, the nozzle 22 returns

m&rﬁeﬂtt@creﬁ’t% @ﬁﬁ?‘%{tb@% bé At Ren &N oL Re Bh WIHE di%ﬁla

the nozzle urns to its C]UI escent posi t

|nk | et .6 uIt f.the breakln
coyPgfiiy oo el oas o P ittt s GeSh it §lpu of
4. The ink droplet 64 then travels on to the print
inlpfhapughdhe pozzigsonenigedtasshoya ged2- %e&thees@mc@ obheat igremoved
formation of the ink droplet 64, a "negative"
frome thesctise bant 518,ﬁ]edb§a$0pﬂiﬂg\nurﬁnt 68w, thefriogzie @2 4ctafnsttd és
drawi ngs. This "negative" neniscus 68 results in an

quicdédn@posfion AR FLEDS W0%E MR SRR  reBtnSHGR dullRbent

a new neniscus 38 (Figure 2) is fornmed in readiness

t he .d ect| n e
robbnily Bt AR B Ui B f30 yrplrnecas
draMAng the nozzle array IS described in_greater
illyptiated)at o4 jrelignre, The ink d?Qﬂleté“fﬂé?ﬂtf%’@lsd}ﬂ to/theprie agedia such
Accordingly, the array 14 includes four groups 70 of
as poket of pamenis aessultef thef formaanhnidind mk. drégetd4g p Sugpativey
has its nozzle assenblies 10 arranged in two rows 72

medidud - fofehdl acgfshbhﬁ agass)gmg&@ 4 dfhSHAWIndsN THLRLStive"

detail in Flgure . To facilitate close packing of the
B2 8 SURTRIGang of i REHE P10 39 I e

sta ) I to,.the _nozzle _assenblies
meRpgay g%fﬁg@%reks&ofe ReLIn BN SII0S BNt Sk dioP eiecfin: %wﬂ

72 are spaced apart sufficiently far from each other
nogde assably kthe | ever arns 26 of the nozzle

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 nozzle assemblies 10 arranged in two rows 72 and 74. One of the groups 70
is shown in greater detail in Figure 6.

To facilitate close packing of the nozzle assemblies 10 in the rows 72 and 74,
the nozzle assemblies 10 in the row 74 are offset or staggered with respect to the nozzle
assemblies 10 in the row 72. Also, the nozzle assemblies 10 in the row 72 are spaced
apart sufficiently far from each other to enable the lever arms 26 of the nozzle

assemblies 10 in the row 74 to pass between adjacent nozzles 22 of the assemblies 10 in
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assenblies 10 in the row 74 to pass between adj acent
nozzl es 22 of the assenblies 10 in MJ121-SG -9- the
row 72. It is to be noted that each nozzle assenbly 10
is substantially dunbbell shaped so that the nozzles
22 in the row 72 nest between the nozzles 22 and the
actuators 28 of adjacent no?zl e assenblies 10 in the

the @w 724. It Futotbeeltedt thatfeach hodzas Ssahblsa opaatbshgtigly dudgbbell
nozzles 22 in the rows 72 and 74, each nozzle 22 is

sh %qut' dﬁ%zfé@%?%ﬂé'rb%%ﬁ@%wéén £ ht% 822 gnd the

preci ate ose ski In the art

2 are | ac s substrate 16, in
%ﬁ@@m%@% R AP TTien g 35 E g o a sl i ghi
angle with respect to the nozzle chanber 34 ink is
ej eEtvéhlerstq faeilitafe doge nagking of hermdvzelgs a2 in therows7hmnd 74, each
advant age of the arrangenent shown in Figures 5 and 6
nootle 2hés shbatantiadls; HeRagonklig shaped.uat ors 28 of the nozzle
assenblies 10 in the rows 72 and 74 extend in the same

di 1 @GHlIYR dpPreRfedHydBo@f skt if A¥Sart'Ra@ Wied the ﬂd%?l%?ﬂ arg

the ink ejected fromthe nozzles 22 in the row
h I th ¢ .
aispfiRed g bt Budodfs t?ﬁ%%%%&%%%gbgwg?ﬁia stght
resulting in an n?roved print quali
anglg vaifhyigsrecttodhe pereclephambep3s ke e@&tﬁé ﬁh@htbf 01féth¢av§rmadﬂﬁular-

pads 76 arranged thereon which provide the electrica
It is enndvantagesf thd sranpengadbows in Figutehd and Gtafahodrawd s dfat the
the nozzl e assenblies 10. These el ectrical connections

acb®rd TV oBHe ¥bAle AREMBENLLS 0l i YIRS rowROL 28H FURkienRel B shie
to Figure 7, a nozzle guard according to the present

dug&Yo%rtB'oﬁg Sidé of ﬁﬂ: }rmrs 7Wal;1ﬁ1 74 efl%ﬁ gfh% %Lg gl e?t%d & g'}/thg YBzzles 22

er ence nunera
ecified, A nozzle guard 80

rfitf-}%l]&taglls%i% nﬁ?ge%ng ﬂsfg%s ePREICT 42 in the Te ﬁﬁée ifyeqyith

14. The
respect to each other by the same angle resulting in an improved print quality.

Also, as shown in Figure 5 of the drawings, the 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
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nozzl e guard 80 includes a shield 82 having a
plurality of passages 84 defined therethrough. The
passages 84 are in register with the nozzl e openi ngs
24 of the nozzle MJI121-SG -10 assenblies 10 of the
array 14 such that, when |nk is ejected fromany one
of the nozzle openings 24, %he ink passes through the
asgmsoiek 40 of theassigdd shetf hae wiich il i8 @jected flmi Bty oastitie nozzle
The guard 80 is silicon so that it has the necessary
0p§fu§1§§‘§4 hhapg gabélb tirbYeH @e Qgngi%feH pa%#ﬁ e Q%?el Sp&fht
from damagi n contact w t h paper t or t
Infdngers By formng the guard fromsilicon, |ts
8%fficient of thermal expansi on substantlally
mat ches that of the nozzle array. This ains to prevent
t he Tha gaag 9 iggiliven shihakih hay the gocesyarppirangth andgigidity tofprotect
register with the nozzle array 14 as the printhead
théreatzie armytld frds damaging kowtperveitt papet, elopier alicnsers’ Hinpérs.0By
iIs also well suited to accurate m cro-nachining using

foMENB theaRR AURSIRACHS &RAA it OF BRIHBA SBhAidn aﬁk@mlmeys

relation to the manufacture of the nozzie assenbl

eld .82 is apunted ed _rel atdon
middies G sk Road) PR ARl PP D TR ricta 2
struts 86. One of the struts 86 has air inlet openings
froge falling ol @f regste with themogalg arrgidrasitheprinthengl heatsiug tp jfs
operation, air is charged through the inlet openings
no@8altapetating cerematattuier Giljdont ik elsp asdlagded Bactagethiero-mathining
ink travelling through the passages 84. The ink is

usih@gMEMLY Rtiifguds Bidchedid %@&ei d&aibbélowsn e BEE thdnamehcture
the passages 84 at a different velocity fromthat of

thﬂﬁuhgg€g§§ﬁ¥ﬁgﬁ)64 For exanple, the ink droplets 64

are ejecte romthe nozzles 22 at a veIOC|ty of
The al LS. C t hr oug h

m he
pasd aé@g’é%f P isf Ok se b s AR P 1 thoakzle Besemblies

10 by limbs or struts 86. One of the struts 86 has air inlet openings 88 defined therein.

In use, when the array 14 is in operation, air is charged through the inlet
openings 88 to be forced through the passages 84 together with ink travelling through
the passages 84.

The ink is not entrained in the air as the air is charged through the passages 84 at
a different velocity from that of the ink droplets 64. For example, the ink droplets 64
are cjected from the nozzles 22 at a velocity of approximately 3m/s. The air is charged
through the passages 84 at a velocity of approximately 1m/s.

The purpose of the air is to maintain the passages 84 clear of foreign particles.

A danger exists that these foreign particles, such as dust particles, could fall onto the
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The purpose of the air is to maintain the passages 84
clear of foreign particles. A danger exists that
these foreign particles, such as dust particles, could
fall onto the MJ121-SG -11- nozzle assenblies 10
adversely affecting their operation. Wth the

provi sion of the air inlet"benings 88 in the nozzle

nogtfenskefblieh | G apreafelyedffdcting theirdbpeatigt. BXHEME preibRbefe air
Referrlng now to Figures 8 to 10 of the drawi ngs, a

1n% g%?’?@ g@ nﬁﬁ%&ﬁ%%ﬁﬁfd% thitesrf)?o an3d %o an?gé"&tétﬁsol}v@a&@

Startlng W th t |coﬁ subsfrate or

the die ri 18.i s deposi .
sur Relditg hoed ke S 10 pRUR rdvines. A ebpy b mapdaclrin
the formof approximately 1.5 mcrons of CVD oxide.

thepezzla aspenblingd Odndeseribese | ayer 18 and the layer 18 is
exposed to nmask 100 and is subsequently devel oped.
Af t Srartigd with devlipedbstiaieod water 16,8hd dielebigia fayeet 8 hadbposited
down to the silicon layer 16. The resist is then

onSt fu-RBEGE BBV aFRg 6! "’H‘L@ H1e1<§:tr‘1§1a$érel%rl§ th thd Borsn St Boxix%nately 1.5

defines the ink 1nlet aperture In Fi gure

i 54505 BRGH BRSO AT R s o

and the alum num 102 is exposed to mask 104 and

mask 180 gpd i subsrauantlyidovelorad? i s pl asma et ched down to
the oxide layer 18, the resist is stripped and the
deviAder being kiemhméd, thhilmest &3 phasma deredtdoenbio i glichs layer
and interconnects to the ink jet actuator 28. This

161 MHBHERAREGEN gtslﬁ h&l A thMeSedrd ié%leahédinﬁh§ C%S@mes%e ink
power plane wi th" connecti ons nade in the | ayer

Igg . Approximately 0.5 mcrons of PECVD
ml%p%)ltrl e |s deposited as the CMOS passivation Iayer

20 Si st n on and the layer 20 is exposed t
ko Kiggre Wﬁﬁg AEINgSt ANPEORRG S 36?)@6““’9&% gF aluminum 102 is

developnent the nitride is plasma etched down to the
deposited on the Iayer 18. Resist 1s spun on and the aluminum 102 is exposed to mask

104 and developed. The aluminum 102 is plasma etched down to the oxide layer 18,
the resist is stripped and the device is cleaned. This step provides the bond pads and
interconnects to the ink jet actuator 28. This interconnect is to an NMOS drive
transistor and a power plane with connections made in the CMOS layer (not shown).
Approximately 0.5 microns of PECVD nitride is deposited as the CMOS
passivation layer 20. Resist is spun on and the layer 20 is exposed to mask 106
whereafter it is developed. After development, the nitride is plasma etched down to the
aluminum layer 102 and the silicon layer 16 in the region of the inlet aperture 42. The

resist is stripped and the device cleaned.
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al um num [ ayer 102 and the silicon layer 16 in the
region of the inlet aperture 42. The resist is
stripped and the device cleaned. MJ121-SG -12- A | ayer
108 of a sacrificial material is spun on to the |ayer
20. The layer 108 is 6 mcrons of photo-sensitive
pol yi m de or approxi mately "A2'm of hi gh tenperature

r esisslayer (U8 flaayeifictdl@ndtsid of phalkado ardaye 20hdane 1a er 108 is 6
exposed to mask 110 whereafter it is developed

RSyt B e bkl A A000 1 B 3RlioNg A .

Q0C re the | er 108 _i s high tenperatu
Theggxegﬂ% fysoftbakadgngds fhen sup9sed iomath ki Hegeafientt is developed.

pattern-dependent distortion of the polyimde |[ayer
The(8yer 408 edhbry hatibakel ag400°€ fondenhduntwhescthe layer 108 ik kemprised
design of the nmask 110. In the next step, shown in

of %b%&’tﬁgieg)g 69 g%t@let%_l%fégpg‘ggﬁrhﬁr? él%'e?lg?égﬁpﬁ Zs?fn hehyrath A% BEst. Tt
. ot 0-s ti,ve.pol de whi . .
is B G e oSS ket et ot @}Séorpa% pEthe ppfyimide

| ayer 112 is softbaked and exposed to mask 114. After
layey ;sa& gaused by shhenkpgesis takes intotiecquay iy the desigrsoftho slask 0.

In the case of the layer 112 being polyimnde, the

| ay &t thth2xi sep) ahalbalociigate 3¢Q0Thd drawingpr xdtbdaetifcielNayer
hour. Where the layer 112 is resist, it is hardbaked

IIQtis @rﬁfﬁ%&eﬁé 91: 1 %Olggﬂflé}ﬁ ;ﬁ?BFE ot%%ligéﬂveg{o%ﬁﬁfi’w which is spun

cron nu ayer yer
ep05|ted P rt of this Ia er 116 ns the _passjve
onE aRpTeEIRAtely ed mtal teesera%%rqsey ethlfser 142 fipyaiibgkes,and
sputtering 1, 000A of titaniumnitride (TiN) at around
cxp@eCtd vlablohkbt Mifcrsppbsiee ionihe 568k b1 4, tthatagbniihnis devettpped. In
(TaN). A further 1,000A of TiN is sputtered on

thd Gst 61RQ 1B)r 592%éif1g PalbiAie, tBe fayet Neris hadBRAIE 400 for

Cther matérials which'can be used instead of TiN are
apJﬂo?ﬁnatM?r%ng h8lir. (\ﬁlere'%lge} 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,

The layer 116 is formed by sputtering 1,000A of titanium nitride (TiN) at around
300°C followed by sputtering 50A of tantalum nitride (TaN). A further 1,000A of TiN
is sputtered on followed by 50A of TaN and a further 1,000A of TiN.

Other materials which can be used instead of TiN are TiB,, MoSi; or (Ti, A)N.

The layer 116 is then exposed to mask 118, developed and plasma etched down
to the layer 112 whereafter resist, applied for the layer 116, is wet stripped taking care

not to remove the cured layers 108 or 112.
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The layer 116 is then exposed to mask 118, devel oped
and plasm etched down to the |ayer 112 whereafter
resist, applied for the layer 116, is wet stripped
taking care not to renove the cured |layers 108 or

112. MJ121-SG -13 A third sacrificial layer 120 is
appl i ed by spinning on 4 ~uh®of photo-sensitive

pol W i @2 @HficRINeyRX | IPEs@b¥licdt By spidififg Bih @hin i
resist. The |ayePQ120 isbgoft%%gt%{ %meré%fﬁgyﬁ%?%#éﬁ“m

xposed to nmask .1 The .exposed | ayer | hen . .
o R PSS By TR WOBRRTHG e (e lOGok0p softbaked
polyinride, the layer 120 is hardbaked at 400' C for
whepssitiekit iseraoyeddrandsk U2 oThaexppseditayer it Hen Bedomeddelpwed by
the | ayer 120 conprises resist. A second nulti-|ayer

hardebaking. ay elie dadd of solgipiilié, ek taoert 120 it BytEbhakkd Ot 400%€ for
constituents of the layer 124 are the sane as the

i NP9 roolt.will.
bR R BRBL 0l r PRETApgitd hie
electrically conductive |ayers. The |ayer 124 is
ex pOs¥aonGMiiislayararetaldayer d 28 feapriied i bedayer 1H: Thyjer
124 is plasma etched down to the polyimde or resist
cohgiipeantslhevhigerckXt ape theasins tas ddhyeed 16 and ateheplialiarthd 2dne
is wet stripped taking care not to renove the cured

mdra¥e s wilPBe appkeciftd #dPbothlliyeld 116 @ 1PatRdItAAtallNSnductive

remai ning part of the layer 124 defines the active
7 m 58 of the actuator 28. A fourth sacrificial
I"'ayer 128 is applied by spinning on 4 ~urr of

phot p-sensjtive olyi m de or approximtely 2.6gm of

P o ife Bipol i PoReLaesiniod andibinen dgveiepels Jneameeanst is

exposed to the mask 130 and is then devel oped to | eave
plaspie eichied dgwp de thegetyimids artresigt layer F2Qwheregfteraésisthipplied for

drawi ngs. The renmining portions of the |ayer 128 are
thehlay«ttiak edwat stAREdCaing cappoosirsmbed the@irdnowrs 108, T DBor 120.

case of polyinride or at greater
It will be noted that the remaining part of the layer 124 defines the active beam 58 of
the actuator 28.

A fourth sacrificial layer 128 is applied by spinning on 4 pm of photo-sensitive
polyimide or approximately 2.6pm 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 portions of the layer 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 constituted by approximately 1um of silicon nitride

or aluminum oxide. The layer 132 is deposited at a temperature below the hardbaked
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than 300" C for resist. As shown in Figure 81 of the
draw ng a high Young's nodulus dielectric |layer 132
is deposited. The layer 132 is constituted by
approximately I gra of silicon nitride or alum num
oxi de. The layer 132 is deposited at a tenperature
bel ow t he hardbaked MI121-85 -14- tenperature of the

terfipetitufd ¢fi thé sdcaifietablad&8,108,12.2, 129),128 28he Phmabf dhidBkcheristics
characteristics required for this dielectric layer 132

. - it o r
e R h A S AL e PRy Y IR lod M SRS Hdpess and
a i ed bg i nning on 2m of photo-sensitive
goﬂ@&@#ﬁ¥ﬂé 8?£approxinately 1.3m of high tenperature
resist. The layer 134 is softbaked, exposed to mask

136Adith sieviécisplagier IPHds applid biyrsginporgtdanchino bf plvdosensgive
134 is then hardbaked at 400C for one hour in the

poRASRIe¥r a{ar%%x&@itmym% 8f high t@hRA1BFe rbHan Th3WRfer 194 ist he

resist. e dielectric layer 132 is plasm et'ched down

o.the sacrificial,la 128 takin care not t
solGibeesRde "R S0 Rrbfobel M EhERmeRE pfffion of iy taver 134
. defines the nozzl e opening 24, the | ever arm 26 and
is thee hardbaked ab40Q5°C for pee heyran hepgseeivhg palgimide bt girercater than

Young's nodul us dielectric layer 138 is deposited.

3000T forltidy@kisl38 is formed by depositing 0.2m of
silicon nitride or alumnumnitride at a tenperature

bel « . ificial .

oy SR ESRRIR1S0 ) ARG Bitaichln bl SREELL] BYE 128 rakine

8p t he draw ngs, the. er 138 is anisotropically
carggC pdeBOh R oG HEcH! BHS01Hs m or ons. This orch i s

intended to clear the dielectric fromall of the

sur Thig stepxdelpes thiaozzlelepaning 2. dfe levrs adh @beod thiecanchgretd of

132 and the
the nozzle assembly 10.

A high Young's modulus dielectric layer 138 is deposited. This layer 138 is
formed by depositing 0.2pum of silicon nitride or aluminum nitride at a temperature
below the hardbaked temperature of the sacrificial layers 108, 112, 120 and 128.

Then, as shown in Figure 8p of the drawings, the layer 138 is anisotropically
plasma etched to a depth of 0.35 microns. This etch is intended to clear the dielectric
from all of the surface except the side walls of the dielectric layer 132 and the
sacrificial layer 134. This step creates the nozzle rim 36 around the nozzle opening 24
which "pins” the meniscus of ink, as described above.

An ultraviolet (UV) release tape 140 is applied. 4pum of resist is spun on to a

rear of the silicon wafer 16. The wafer 16 is exposed to mask 142 to back etch the
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sacrificial layer 134. This step creates the nozzle
rim36 around the nozzle opening 24 which "pins" the
meni scus of ink, as described above. An ultraviolet
(W) release 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'8 ch the MJ121-SG - 15-
wadal B toldefine tigeibk ivdtett dhandsl 8] Thetesihanhal stﬂﬁpedTﬁ’(ﬁn the wafer
resist is then stripped fromthe wafer 16. A further
18V release tape (not shown) is applied to a rear of
the wafer 16 and the tape 140 is renoved. The

2??.%5@]’ P 5Pt o mbEae £ e of et 19 ed

assenb 10 as shomn in Figures 8r and 9r of the
they F@wlﬁ@ss repgved aklke a@pnﬁ@ﬁblﬂmi& 08,1148, 128k &2 %angel 34 are stripped
nunerals illustrated in these two draw ngs are the

in sapgengdadniroie@rovidéihgdingl dozafe dshentsly A0ias gsoviOini Figirea8and 9r
the relevant parts of the nozzle assenbly 10. Figures

ofjéﬁe M@llﬂé FhPuist BErepRERAL ih@'?ei@fen&@ﬁulﬁﬂél%llﬁustﬁ?eﬁ%%e two

0, actured in accordance W th process

R PR B B B P g

drawi n w || be appreciated persons skilled in

O TGN MO b F RSO Zhew (aresionsdThe resicons
may be nade to the invention as shown in the specific

asgamioy il GEemamifwdtered ut actepiantd wigh fheqmodchedsspiibéd abore sdthpe
of the invention as broadly described. The present

refRfded tdBRlRs 8Ta8d otdnakiefe Figurel oR&psANE) I8HR62 1d4 dF the
respects as illustrative and not restrictive.

drMﬂ'ég: SG - 16

It will be appreciated by persons skilled in the art that numerous variations
and/or modifications may be made to the invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects as

illustrative and not restrictive.
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CLAIM5 1. A printer having at |east one printhead, the
at | east one printhead including: an array of nozzles
and respective ink ejectors that, in use, eject ink
onto a nmedia substrate; and, a nozzle guard
positioned to inhibit damagi ng contact with the
exterior of the array of 6%zl es: said nozzle guard
having an array of passages in registration with the
array of nozzles so as not to inpede the nornma

ciLAggctory of the ink ejected from each nozzle, each

2.

of sai d passages having an i nner end adjacent the
nozzl es and an outer end renote fromthe nozzles; said
nozzl e guard including at | east one fluid inlet
opening in fluid comunication wth the inner ends of

-t he paRisnlveng Hdegst on inthend) thaiahlyast ose priphewt ingluding:

pre ' Ld. i i,d. GO ni.cati.on with .the at .
PCoSUE S L dd BB TR RN B00 0 gkl ot
passabsstiabe: @bh sai d passages fromthe inner ends to

the outer ends, to inhibit the build up of foreign

par 8irerae ged prgitipeedstp anhibit dgmaging porsadt ity the extertel afghe

to ' rein said fluid passes through said
pas%gggg%égﬁm%’velocity that is |l ess than the velocity

of the gji@abssle mittd Bavidy B hithL6F d@z@@@éﬁi’nﬂﬁgib@at%ahm the array
wherein ink droplets are ejected at a velocity of
3 s. 4ofmozglas ie a8 nefde dmpedethe pommahirpiestomhef the ik diected from

fluid i assed through.the passages .at | ms, 5.
or i nt er SRORPAgoh 8 EaP Rl SREPEE R it L St
i ncl udego@1d3Qad e ouehe®d hindibgopatsageyays forned in
the nozzl e shield.
said nozzle guard including at least one fluid inlet opening in fluid
communication with the inner ends of the passages
the printer including a source of a pressurized fluid in fluid communication with
the at least one fluid inlet opening, wherein said fluid passes through said

passages from the inner ends to the outer ends, to inhibit the build up of foreign

particles on the nozzle array.

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.
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MJI121-SG -17- 6. A printer according to claim5
wherein the shield is formed fromsilicon. 7. A
printer according to claim1l wherein the nozzle guard
i ncl udes supports that support the nozzle shield on
the printhead. 8. A printer according to claim?7
wherein the supports are iﬁ?%grally formed with the
shield, the supports including a pair of spaced
support el enents one bei ng arrange at each end of
6. t he AnBspreacserdiiedo chim4 wharpindhe 3@@6 isgiorged omy wli¢ang
wherein the fluid inlet openings are arranged in one
of the support elenents. 10. A printer according to

7.cl am&tm@ﬂﬁlgﬂh elaihUi whdréihehe ARel AGE] AtRdS L?Bgﬁﬁthat
in the support el ement remote froma bond pad o

supRtihg n&?¥1&§hlelﬂPn the piintheask according to claim1
wherein the fluid is air. 12. A printer according to
claiml wherein the source of a pressurized fluid is a

8. PUMA. pridtdrZabe®@ding to claim 7 wherein the supports are integrally formed with
the shield, the supports including a pair of spaced support elements one being arranged

at each end of the nozzle shield.

9. A printer according to claim 8 wherein the fluid inlet openings are arranged in

one of the support elements.

10. A printer according to claim 8 wherein the fluid inlet openings are arranged in

the support element remote from a bond pad of the nozzle array.
11. 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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