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application numbers are known.

FIELD OF THE INVENTION

The present invention relates to the field of inkjet printers and, discloses an inkjet

(MEMS) techniques.

BACKGROUND OF THE INVENTION

Many different types of printing have been invented, a large number of which are

' printing system using printheads manufactured with microelectro-mechanical systems

presently in use. The known forms of print have a variety of methods for marking the print
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of 1oy dop 88 dem@rdemd 8atinuous flow type. Each type of printer has its own advantages
and problems when considering cost, speed, quality, reliability, simplicity of construction and
operation etc.

In recent years, the field of ink jet printing, wherein each individual pixel of ink is
derived from one or more ink nozzles has become increasingly popular primarily due to its
inexpensive and versatile nature.

Many different techniques on ink jet printing have been invented. For a survey of the
field, reference is made to an article by J Moore, “Non-Impact Printing: Introduction and
Historical Perspective”, Output Hard Copy Devices, Editors R Dubeck and S Sherr, pages 207
- 220 (1988).

Ink Jet printers themselves come in many different types. The utilization of a
continuous stream of ink in ink jet printing appears to date back to at least 1929 wherein US
Patent No. 1941001 by Hansell discloses a simple form of continuous stream electro-static ink -
jet printing

US Patent 3596275 by Sweet also discloses a process of a continuous ink jet printing
including the step wherein the ink jet stream is modulated by a high frequency electro-static
field so as to cause drop separation. This technique is still utilized by several manufacturers
including Elmjet and Scitex (see also US Patent No. 3373437 by Sweet et al)

Piezoelectric ink jet printers are also one form of commonly utilized ink jet printing
device. Piezoelectric systems are disclosed by Kyser et. al. in US Patent No. 3946398 (1970)
which utilizes a diaphragm mode of operation, by Zolten in US Patent 3683212 (1970) which
discloses a squeeze mode of operation of a piezoelectric crystal, Stemme in US Patent No.
3747120 (1972) discloses a bend mode of piezoelectric operation, Howkins in US Patent No.
4459601 discloses a piezoelectric push mode actuation of the ink jet stream and Fischbeck in
US 4584590 which discloses a shear mode type of piezoelectric transducer element.

Recently, thermal ink jet printing has become an extremely popular form of ink jet
printing. The ink jet printing techniques include those disclosed by Endo et al in GB 2007162
(1979) and Vaught et al in US Patent 4490728. Both the aforementioned references disclosed
ink jet printing techniques that rely upon the activation of an electrothermal actuator which

results in the creation of a bubble in a constricted space, such as a nozzle, which thereby
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As can be seen from the foregoing, many different types of printing technologies are
available. Ideally, a printing technology should have a number of desirable attributes. These
include inexpensive construction and operation, high speed operation, sgfe and continuous
long term operation etc. Each technology may have its own advantages and disadvantages in
the areas of cost, speed, quality, reliability, power usage, simplicity of construction operation,
durability and consumables.

A problem with inkjet printheads, and especially inkjet printheads having a high
nozzle density, is that ink can flood across the printhead surface contaminating adjacent
nozzles. This is undesirable because it results in reduced print quality. Moreover, cross-
contamination of ink across the printhead surface can potentially result in electrolysis and
accelerated corrosion of nozzle actuators.

Previous attempts to minimize ink flooding across the printhead surface typically
involve coating the printhead with a hydrophobic material. However, hydrophobic coatings
have only had limited success in minimizing the extent of flooding.

A further problem with inkjet printheads, especially inkjet printheads having
senstitive MEMS nozzles formed on an ink ejection surface of the printhead, is that the
nozzle structures can become damaged by cleaning the printhead surface. Typically,
printheads are wiped regularly to remove particles of paper dust or paper fibers, which
build up on the ink ejection surface. When a wiping mechanism comes into contact with
nozzle structures on the printhead surface, there is an obvious risk of damaging the nozzles.

It would be desirable to provide a printhead, which minimizes cross-contamination
by ink flooding between adjacent nozzles. It would be further desirable to provide a
printhead, which allows regular cléaning of the printhead surface by a wiping mechanism

without risk of damaging nozzle structures on the printhead.
SUMMARY OF THE INVENTION

In a first aspect, there is provided a printhead comprising:
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configured to isolate each nozzle from at least one adjacent nozzle.

In a second aspect, there is provided a method of operating a printhead, whilst
minimizing cross-contamination of ink between adjacent nozzles, the method comprising
the steps of:

(a) providing a printhead comprising:

a substrate including a plurality of nozzles for ejecting ink droplets onto a print
medium, each nozzles having a nozzle aperture defined in an ink ejection surface of the
substrate; and

a plurality of formations on the ink ejection surface, the surface formations being
configured to isolate each nozzle from at least one adjacent nozzle; and

(b) printing onto a print medium using said printhead.

In a third aspect, there is provided a method of fabricating a printhead having
isolated nozzles, the method comprising the steps of:

(a) providing a substrate, the substrate including a plurality of nozzles for ejecting
ink droplets onto a print medium, each nozzle having a nozzle aperture defined in an ink
ejection surface of the substrate;

(b) depositing a layer of photoresist over the ink ejection surface;

(c) defining recesses in the photoresist, each recess revealing a portion of the ink
ejection surface surrounding a respective nozzle aperture;

(d) depositing a roof material over the photoresist and into the recesses;

(e) etching the roof material to define a nozzle enclosure around each nozzle
aperture, each nozzle enclosure having an opening defined in a roof and sidewalls
extending from the roof to the ink ejection surface; and

(f) removing the photoresist.

Optionally, the formations have a hydrophobic surface. Inkjet inks are typically

aqueous-based inks and hydrophobic formations will repel any flooded ink. Hence,
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drawn back into the nozzle and away from a surrounding hydrophobic formation.

Optionally, the formations are arranged in a plurality of nozzle enclosures, each
nozzle enclosure comprising sidewalls surrounding a respective nozzle, the sidewalls
forming a seal with the ink ejection surface. Hence, each nozzle is isolated from its adjacent
nozzles by a nozzle enclosure.

Optionally, each nozzle enclosure further comprises a roof spaced apart from the
respective nozzle, the roof having a roof opening aligned with a respective nozzle opening
for allowing ejected ink droplets to pass therethrough onto the print medium. Hence, each
nozzle enclosure may typically take the form of a cap, which covers or encapsulates an
individual nozzle on the ink ejection surface. The roof not only provides additional
containment of any flooded ink, it also provides further protection of each nozzle from, for
example, the potentially damaging effects of paper dust, paper fibers or wiping,

Typically, the sidewalls extend from a perimeter region of each roof to the ink
ejection surface. Sidewalls of adjacent nozzle enclosures are usually spaced apart across the
ink ejection surface. ‘

Optionally, the printhead is an inkjet printhead, such as a pagewidth inkjet
printhead. Optionally, the printhead has a nozzle density, which is sufficient to print at up
to 1600 dpi. The present invention is particularly beneficial for printheads having a high
nozzle density, because high density printheads are especially prone to flooding between

adjacent nozzles.

BRIEF DESCRIPTION OF THE DRAWINGS
Notwithstanding any other forms that may fall within the scope of the present
invention, preferred forms of the invention will now be described, by way of example only,

with reference to the accompanying drawings in which:

Fig. 1 is a schematic cross-sectional view through an ink chamber of a unit cell of a

printhead according to an embodiment using a bubble forming heater element;
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Fig. 5 is a diagrammatic cross-sectional view through a unit cell of a printhead in

accordance with an embodiment of the invention showing the collapse of a vapor bubble.

Fig. 6 is a schematic, partially cut away, perspective view of a further embodiment

of a unit cell of a printhead.

Figs. 7 to 20 are schematic perspective views of the unit cell shown in Fig. 6, at

various successive stages in the fabrication process of the printhead.
DESCRIPTION OF OPTIONAL EMBODIMENTS

Bubble Forming Heater Element Actuator

With reference to Figures 1 to 4, the unit cell 1 of one of the Applicant’s printheads
is shown. The unit cell 1 comprises a nozzle plate 2 with nozzles 3 therein, the nozzles
having nozzle rims 4, and apertures 5 extending through the nozzle plate. The nozzle plate
2 is plasma etched from a silicon nitride structure which is deposited, by way of chemical

vapor deposition (CVD), over a sacrificial material which is subsequently etched.

The printhead also includes, with respect to each nozzle 3, side walls 6 on which the
nozzle plate is supported, a chamber 7 defined by the walls and the nozzle plate 2, a multi-
layer substrate 8 and an inlet passage 9 extending through the multi-layer substrate to the
far side (not shown) of the substrate. A looped, elongate heater element 10 is suspended

within the chamber 7, so that the element is in the form of a suspended beam. The
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| nkj ﬁ&uﬂe@b%n@ﬁ Shdw BleC@il 11304 eRY §u&@§sﬁd: lht€1‘§t d@é%f operation of the
hydr ophobic formations wll repel any floode
privghrad, It @nlhy decvpghatshebhtdrerd2 goresaten fithérzandalsente groaes, with the

rel§58 R en 8,16 2 B R el 2 TP St o Bl BoR T2

gro@s R ShoWR [iERigere. 3, Rydbtarphedd 1y  eoniBihdtidADf Bl dynamics and
i ngesti on of any f1 ooded ink back into respective

the élzliqcé teﬁmpé ths lahd i ‘e s (ensinames © milimizs thosurfage area of
thg 'Bé@@ig p g \?\?}l Ql;leﬁt?rge t)éﬁgl){%g %R{&e . of dlq'uﬂikhawfel/%})otrﬁgﬁj th@bubble is
%smnmbwdﬂkmbqhydrophoblc formati on. Cptlonally, t he
formations are arranged in a plurality of nozzle
encl osures, each nozzle enclosure conprising sidewalls

sur r%lﬁbﬂ%ﬁ’se@n PRIARE Withth MEZEABber 7ot ShIYSRHdsSnit Pf BhttBrough
a seal with the ink ejection surface. Hénce, each

thpoezdle3,ibat plso pushesl sdmeinkitagk thapughethe intes passege By Hawever, the inlet

nozzl.e encl osure. j I ac zIe encl qsur
pp ek nds SRR 2Pl e et n ERER, ARES oAy 16
micesRag tiavfetddO Heh€s theRds b @tstdhdivl Viscoas 8Ref APERdsnD, the
aligned with a respective nozzle openin

for allown
Préﬁl%m@éf offsrt dfthsppressyre sejadke ehaabet hisda g@rce ﬁﬂeoqt mrouggn the
{ I
et e R e T EE B G SR
encapsulates an i ndividual nozzle on the |nk eJection

surface. The r of not _ onl es additj onal 15 )
cont HHTRIEAOVEP Fagye A1 B aeéthie%fl%s Sﬁ?w’é Plost Bir Riphgroiteessive stage of
oJei-é{tfoH &h Wit @1@ 41080 ngfl 6GRYE hsf ?Q&% g]@ct%(i RhowR Buﬁﬁg‘ﬁ?‘ fecking

the potentially damhging e paper dust; paper
phiasdieregore thewdrpp bigaks off. At Thipstegd, the, bubhle 19i e watddy reached its

extend.from.a perineter r of i ch rqof. t
G 4 SO HAs D bR R T B S RopeS Rehot s b Baps 7. & foflcted
in@nurk agtdil @S Fuf usual |y spaced apart across the ink

ej ection surface. 200ptionally, the printhead is an

i nkj et printhead, such as a pagew dth inkjet

pri e ' h

den%ycj%ﬂ%s%’é}éﬂﬁgtu 1? :1:? gor}far{lsnth ?S‘%{ Q@(?OII%B %Bﬁ some ink 11

to Gpidrawih&oprvagem the noveletdi (Gioni the pauei L& of the dyop)s ea:telfsomeab be drawn
for printheads having . a hugh nozzl e density,

from g inlshBass3eesh rtqwé%la@ paie of splkpsal Mostof ébfemkd 1 drawn in this
[ .65y
RO By RRPHRRE pEAETP A SFgarolTh Bl base of the drop 16
prior beits breakisg bffat may fall within the scope of the
present invention, preferred fornms of the invention
wi Il now be described, by way of exanple only, with

r ef eriRng6p wréqheesa&s&mawbm o ERMdRESN td oWk suBfdce fension
Fig. 2 is a schematic cross-sectional view through the

fofopt i hawb éxbrﬁlgoff 1As ik ldripdem fsemdee notzzigFenathi eatlapse of the
bulgh% 1 ghglr%iearm rgo?{ﬁ nec%cclr9 I lgzgﬁg{eﬁega?arle u\é%ne ctF ern%{ljxgt ofttgtal surface
ter@at 1edldiap the drop, softh4y thémbmeﬁtuﬁﬁdﬂf&ﬁaﬂto@ a@ IitCiS 8jesdloupofthe nozzle
vi ew t hrough the ink chamher Fig. 1, at yet a further
is gyffigisngto a@)‘ﬁe(rth? fgn:to hrak o8fFi g. 5 is a diagrammtic
cross-sectional view through a unit cell of a
printhead in accordance with an enbodi ment of the
i nventi on showi ng the coll apse of a vapor bubble.
Fig. 6 is a schematic, partially cut away, perspective
view of a further enbodinent of a unit cell of a
printhead. 15 Figs. 7 to 20 are schematic
perspective views of the unit cell shown in Fig. 6, at
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concentration points and therefore potential areas of
weakness and ultimately failure. 9 Fi gures 2
and 3 show the unit cell 1 at two successive |later
stages of operation of the prjnthead. It can be seen
that the bubble 12 generates turther, and hence grows,
with the resultant advancenent of ink 11 through the

Nozz\Waes theldi6p $H1BREKAUIT, IcaitdHsRTbRed #re RBuskl 2 I eBBEted 9$ the arrows
shown in Figure 3, is determ ned by a conbination o

2Q,13e therhapbled2 callansas loshepeintefipsllepsefldc B Will s inoted dlfat thpse are no
' Ur-f. ' tends .t.o_m.nim,ze t.he.
<o) pithees DB IS AERTHEM SRS g VTR otifin gon have an
effet.t ai n amount of |iquid has evaporated, the bubble is
essentially di sk-shaped. The increase in pressure
Wi thin the chanber 7 not only pushes ink 11 out
Atharoaggh of Nolxde Badaduzes3, but al so pushes some ink back
throggh t he inlet passage. 9. F?meve[, the inlet . o
pas sRYETES e FIgyst Grat pabediment of the usrgellil @eensding fo the invention is
sHo@A0 e aBEurk $ iOQIRbUARKI YA ABHLR] ohclburdled! WRRh ifdlates adjacent
di aneter. Hence there Is a substantial viscous J}ag.
apsgiures oadhd printhdad. Preowbaricreactpswet 66 dins ofodf 6 apd sidewalés 62, which

rise.in the ch er 7 i.s to farce ink out .through the, .
AR ST Bl e g ind BT o pRb oA AR GRening 83 is
ddfined uothe réf 61MvRich RRSW AR Ropld (HotsHHWE) tO PWssttRrolizB tehozzle

4, the printhead is shown at a still further
englpsuresrl watost prie msdivgpEoAhoM). i n whi ch the ink drop

16 t j ' ' j ' [ ts "neckin
phas e BPAT Bt a8 RGP el bl E5E R Bapertuces
5 bﬁbﬁhitﬁnihg ahgsloadlelrdldakim the anhegiatet \ﬁciﬁﬂy bﬁmh?bzﬂ?.lém@odiﬂéofink
then begun to coll apse towards the point of collapse
frqs Sach PRt RecFaB DY fYABIeHR LAFASOM, SPFTozple misfires or pressure

ﬂl%?ﬁlﬁalti%ﬁi inaigg b\(ﬁ}%b)?éha}lﬁﬁs by o%zll% %ﬁ)l@%@é gxrﬁgi)g ??I'Hl%h rﬁtmr? Erl %oated

col | apse es sone I n Wn Trom w
witlhe hpdrophebi@méferiehduring thd fibsicat®nagirodebs whidpfurthandingmizes the

. ofbe drawp framthe inlet passage 9, towards the

nsé)(oq r‘ffOSBfO%W’E{OiQ%. Most of the ink 11 drawn in this 25
MBNNg Furktfer A ithob BPfHe;pt“i%tH%Q@ ¢ Brding {PMBIRRnEdh @MU EBilows the
neck 19 at the base of the drop 16 prior to its

nogele akdte g obthe printhead totheewiped witheut ieuifidemaging dret sginsitive nozzle

t . tum.t o overcone rface.tension forces,

s BRI T R Pt P e R Gh € e 8 Pl Pt ora
waragdp eycde. [Thehbgzle eldi@nas 60fpréHge 8Prdtetibt Barkids bdteen the nozzles

gianeter of the neck 19 reduces thereby reducing the
ang b5, Wipieg meehagisms@et e m-ensi on hol di ng the drop, so

that the nmonmentum of the drop as it is ejected out of

the nozzle is sufficient to allow the drop to break
Fefpgcation §rocess  \\pen the drop 16 breaks off: cavitation

for : f -

t e Bona oS5 a2, DE QR Rekliy PEER Rl foldic unit cllof
Figure Widnly (seec Rigueed 7ttba0). t hedlébangpraciated thiat tiewtiiea el cells will use
hthe V] Lnitﬁ of thehaﬁ¥nt of gollapse 17 on which the
the. A7 BPREA{OB SheruyLh dHiczsnt Masking. advant ages of Nozzl e

Encl osures Referring to Figure 6, an enbodi nent of the

unit cell 1 according to the invention is shown. The

aperitaferang to Eigyrer 7, thenelisshbwyn ghestartihg peint foy $abrisatbey of the thermal

. ich i s..adj ace ertures the pri.nt head. e
ol R Th e B E R B e 1 i M i e o sticon
subsZratenhi edvidgodrectegraditdyr0miidign heefayérdiélB&rid 04z R oRh& g 23. The
. 2 and forma seal therewith. An opening 63 is defined
intereopnget 23 §pmprises fpnr anppta|lpsws whith @eetherdosm eseal rinigdamthe inlet
to pass through the nozzle enclosure and onto a print
medi um (not shown). The nozzl e encl osure 60
m nimze cross-contam nati on between adj acent
apertures 5 by containing any flooded ink in the
i medi ate vicinity of each nozzle. Flooding of ink 15
from each nozzle may be caused by a variety of
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Referring to Figure 12, the heater material 38 is
subsequently etched down to the first sacrificial

scaffold 54 to define the heater elenent 10. At the

same time, contact el ectrodes;;15 are defined on either
side of the heater elenment 10. The el ectrodes 15 are

in contact with the top netal |ayer 26 and so provide
pREARIY tb Halethed RB6EIHORe hﬁérw&fectt Tge A3 2*6 h@hmh forms an
heater el enent 10. The sl oped side faces o first
upnge pertion o thesealfringl earshe seom v Bgyisdd The ewtal seaé hng prevents ink

G RARE e Rtk 17 e Ml SRk SR ik PSSR e e ik

with sufficient thickness around the scaffol d 54 Any

thin areas of heater material (due to insufficient
Si deAfpa&Sévaa@BéWf PH ) depptifed onircthe fepametaklayer 26 yyplasmag-enhanced

f e
o Ry o en S LRI i gy 2. 0
etohadtta deﬁlﬁe gcmuﬂase@ss; vadchafoou s gart shef themlet@asageﬁ Ae;ahehsame as

nit .cell ooV, etched, a me tlne as
by ARG MiBotaT O aes d0 bt AOHT A3 leseigh pannection
ghithe ﬁi%@iv%@ﬂ@g&%tto $HeABp tetA IRRH26 Al eftdhcﬂaﬁ[‘:m is defined by a
scaffold 39 of toresist is deposited over

1aﬁ@atf@ﬂttm%Phﬁpre&meots@@wnbj vaudr isfremopedd by 45&3111@ ager fhe etch.
exposed and devel oped to define sidewalls for the
cylindrical nozzle chanber and perineter sidewalls for
eac hRefbiringae IHigurd BeinSRemoxd fabaicktidn eij@dncs Gathdlod pB&oteSist is spun
al so W cured and har dbaked to prevent any refl ow of

ontp thegrstigation; later 2, s pheterrsistiserposer grd @@vﬁé@eatt@é@‘ine a circular

n
oﬁéﬁ?x%??ﬁ% t'h? at?%rré%dpﬁe}xo?%rkélgﬁl if} gfa(:é foe 5 e otrl tggéggﬁect 23 is etched
asdat © thtsilisecaubdtrata @il iubing |aah1teshtcai>xldé-étcﬁﬁ1gtgas phensinty (e.g. Oo/C4Fs).

PR R b eon sioRalis STLBYEE SOHE I thet ALEHFonsya fefine o

fromt 1hl0Eo1892 Zistn Pl afi@bR sfl{?:()n-%tdhﬁi’g cﬁ&ﬁégf fe.g GB@E@EG&Ch’) The

sidewal s 6 and unit cel s 56 e also f or ned
sane photsoesistnmask 61 can bé ussd fm hqtlu dtehmg steps. F1glRei96hOW$1glettm1t cell

[ h I [
affelﬁ ?%hg‘ﬁﬁ%gg?tgf# gi%,ﬁb%)h g]?fﬁ%l RE EEﬁOF éﬁpa%/t er ned
phot or esi st nmask over the roof, etchlng for a

controlled period of tine and renpving the photoresist
by aRefemie to Figure Hafin theineyt stegemifdaricalion, thygonfdnk hele 52 is

plé’g{er t\ﬂﬁ? }cgbrtdl) flgtftg:ﬁ?@égeﬁ 9{3‘:&*}%@@3 erc%e Z’tﬁ] ﬁl}? ahl%(& %?photoremst

is depdsitedrederiye pds&l&atﬁtgl layea 24t This Yaylaﬂob;ﬂtdtmﬁﬁds exposed and

ot or es ver .t he roqof, ng down _to the
de@?‘& ocl%@e gﬁsastrsé%ffwlﬂ g%fﬂﬁg o etf%rrté% < Fi9pt plg 3 ind Scaffolding
trddRE 85 hiodHld iR ﬂ:én%e% éﬂ: fhe Un cﬁneﬂkeﬁltst ShcA8Eia ctaﬁbfdcg4 is used for

sacrificial scaffold 64 Is deposited over the roof
subeguettidegosaer offlieaicamateriaf 38)thdre64 ang isthpeferd famdd Wlth a planar
devel ppe ef i.ne 531 l1ls t
g SrBRE fut Qutiy Buprindhe Bosdcithent (oo RatpflimR 10 in Figure
1093146 firsCdagtifisiaPichbd s UV @lré@atdvhf85&Ed aNstebat dIRKESK the
to prevent any reflow of the photoresist during
phetasesy during Rrksaqueahhighderopesatdeqsieppsition ot itshiepercurfhes.
encl osure material. Referring to Figure 18, silicon
nitride is deposited onto the third sacrificial
S c aflhqiodaﬂﬂ)y Glﬁe iyt sfalcﬁﬁﬁial @lﬁ&lg&?iae Sptdat angii?ddcslxﬂe faces 55.
osi t The_silicon nitrjide fornms an encl osure
5 %J %@%face%\%araﬁm%ba agjusiipg fhednpusing igdhgepesige tool (e.g.
are also forned by deposition of silicon nitride.
Whil st silicon nitride is deposited in the enbodi nent
shown, the enclosure roof 61 may equally be forned
fromsilicon oxide, silicon oxynitride etc.
Optionally, a layer of hydrophobic material (e.g.
fluoropolyner) is deposited onto the enclosure roof 61
25after deposition. This extra deposition step may be
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whi ch expels the ink. Water has a very high heat
capacity, and nust be superheated in thermal ink jet
applications. In conventional thermal inkjet

printheads, this |l eads to an gfficiency of around

0.02% fromelectricity input to drop nonentum (and

i ncreased surface area) out. 20 The nost
Stslb@n) Wwhanaaxpoging tiegriotwir ¢sfst (Thezbuped sideifaces 5 afiedntdgeossly dllow

| ectr Bl |
R A0 A0 41 O7 GOSN LR S YoHe Aguahe Bre st sragfold 54
require a large area for each nozzle. Al so, each

p| ezoel ectric actuator nust be connected to its drive
ci r cReferring ta Fogysal htthe sens §tagao’éfabrr¢ﬁt1$>nl®pmtts t}w heater material 38

oY AEEAT PR e IS BRGHHRTN: b BB riang

trhaks BBEI'Hed’tHate@ mat@fal 98 1#1@%@&%}@11 iﬁoﬂdﬁlb?érhb@'&lﬂélw\ﬂ HdwekBr, 2@Cheater
noz 1 e ink jet technol ogies used

maiegal T tﬂrttrﬁ@teﬁty ?Oé‘&flﬂsﬁ Tiblit singrichad beveeen uppegiapdlower
p%%lggﬁnpggpgtte% S fs GhIm B} @RafilEhidide. PRLAPAR FRRrs dnth heater
elemauti lemwmize obrrosion vfthe phdingmoepinater dengelitk | et
technol ogi es have been created. The target features
i nclude: |ow power (less than 10 Watts) high

r €S OR efetriy t6 FRARE I 2 tide ﬁéa»te@%téiﬁ'l 39%s ME&uentdPetched down to the

phot ogr aphi ¢ uallg% out put | ow manufacturing cost
figshegcrifigip @affpgigiél/tp fing thedsater element 10 A thesseneitiong) contact

cDcPPEsA ARcPSERNY AELLAFAEk Somen 1, A by

ccnha&c witheltk top Inpatalbjich 26iahd &5 progide e}eetr&apéorﬁbéttdn%&%en the CMOS
B%K f|v different ink jet technol ogi es have

Wﬂt AR Abe Fleﬁﬁ‘éle“@f‘ofag‘?w the ﬁtstjeacrlﬁﬁgbsceffold 54 ensure
g&la@l&gfcgg%nél@f*% B’e%é’éﬁethgﬁ&lﬂér%f él‘? 10 (? ?n% electrodes 15, since the

techn ormpart of separa
heats lnglltﬂifdtl tsaiephsatep m&ﬁmfﬁa@aﬁ Itlgﬁlﬁﬁs:a&oﬁxﬁi tlfk&caif@dld 5. Afnethin areas
abl e u the hea %ﬁ % s References to Rel ated
of A5 eralé @ue to insuffigent sjge a@t da@étt@ﬁgwgﬁwvtﬁmﬁeﬁeée%@lty and
a&étﬁ@@r%eﬁgﬁnﬁlc@ﬂ de range of digital printing systens,
frombattery powered one-tinme use digital caneras,
through to desktop and network printers, and through

to c i nting syst.eny. ~ r,ease

ran g ety el 2 Bk i Dined Bowgach ol bY Pt Ot grooves
etfednidigddhé periifGbiTRACH Gnib€:l2 THO BRIoVEIUrE eRhed Bl thE S4he time as

CMOS chip with MEMS post processing. For color

de@ﬁng{gd@qa B‘Eﬂﬁ‘Fr@l%?ﬂtﬂ@atl ons, the printhead is 100 mm

long, with a width which depends upon the ink jet

type. The smallest printhead designed is 1J38, which

is (Ré'fErrmmth@lre t8, v thg sabehignt stepa s@éorﬂ&a&@ﬁﬁﬁltsaa@old 39 of

i nt heads each contain 19,200 nozzles plu

PIGHRES  RAGRIN e e damer aienal The kioRnd $acs sl FETAd39 s
expbRdlag lﬁe@éloﬁéaeco BEﬁH&% g&égalﬂxox‘ E 8¢ x‘gigi'&alniﬁ:lzgf% Qtln@étdn‘a perlmeter

i nk channel s. InNg requires m Ccron eatur
sidetwadlh farapactbenit peﬂaﬂ‘ed serend gaczmﬂctaﬂ badfolpB? tsadloyUV cured and

Lcrompchi ne |ns [ and [ ction din
oy B RS R b bR e bt s e erature
depadigsn bfaht Bﬁhc&@ﬁﬁrﬁ@e &Bﬁﬂf@%ﬁﬁl. fabricated on the front

surface of the wafer. The printhead is connected to
the canera circuitry by tape aut omat ed bondi ng. Tabl es
of l.even i npor.t ant o
char AR PIRAL Bl bl FRel BRI S Regpd secrifica
scafifielil 3D iy pllashmakenhericed Qhéthesl Vapuer depesitibsleltel siliced nithide $&ms a
characteristics are largely orthogonal, and so can be
el uci dated as an el even di nensional matrix. Most of
the el even axes of this matrix include entries
devel oped by the present assignee. 17 The foll ow ng
tabl es formthe axes of an el even di nensi onal table of
ink jet types. Actuator nmechanism (18 types) Basic
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Ther mal bubbl e An el ectrothermal heater heats the ink
to above boiling point, transferring significant heat
to the aqueous ink. A bubble nucleates and quickly
forms, expelling the ink, The,efficiency of the
process is low, with typically less than 0.05% of the
el ectrical energy being transforned into kinetic.

0B84 Ber@hcH it wuowmchh@ﬂﬂ@m&ﬂé PRIEHEh AW nSAIR! €hamber
construction nnwngia parts ~Fast operation Small

sigwlls frand unéqghl pidawalls Staare also dermedibyidepenigon ofisilicon nitride.
carrier limted to water Low efficiency JPH gh
tenperatures required H gh nechanical stress Unusual

mat eRéfetrglte Hitui s, thahi@2ledirh ds btcheisiastiailyshrough the roof 44, by
Cavitation causes actuator failure Kogation reduces

pla¢ips p suitabiynpaticared phatogesish mapl oyrs shproah @tca}nrgf PEY F‘?ﬂt’foéled period
9Endoet al GB t ent

Oifzt,ia‘g%h/‘,ml%g‘&@?gip%g‘?gr@ ﬁaﬁﬁt 1090 Hawki ns ot &l USP

4,899, 181 4frHeva ett-Packard TU 1982 Vaught et al USE

449 28 Pi tric, A piez elec

o R g Bl P& TG A inisiy ot SebgdBreial B oot 25 fown o

th@‘é&do‘{lats&%ﬁcﬁiﬂ Seaffol 199, AR MCSetcISRPRFSImAbySRARg b Quitably
apply pressure to the ink, ejecting drops.” Low power

pasistred photorasist Maskovankhe spph stebing deavnite gt scrtfeld 39 and removing the
reé%tln%g Hi gh efficiency Very |arge area required
1? actuator Difficult to integrate with electronics
Hi gh vol tage drive transistors required Full
pagewi dth print heads inpractical due to. actuator siz
Requi¢leging|te Figure b, ip e eyt stegan hid speifigial seatiold ﬁ%ls deposited

RS A R e T A S SN

sideklls dion the dyliddicHll rmzile@nclesure ot/er\eeclﬁapeﬁrhﬁacﬁ fTihe thirdedadrificial

i AL
subSdedadnt Hagh-t rdf&g 14e 6mﬂﬁ%ﬁ&z(epé}{%sure boMerpgver

consunption 4Many ink types can be used
Referring to Figure 18, silicon nitride is deposited onto the third sacrificial scaffold

64 by plasma enhanced chemical vapour deposition. The silicon nitride forms an enclosure
roof 61 over each aperture 5. Enclosure sidewalls 62 are also formed by deposition of
silicon nitride. Whilst silicon nitride is deposited in the embodiment shown, the enclosure
roof 61 may equally be formed from silicon oxide, silicon oxynitride etc. Optionally, a
layer of hydrophobic material (e.g. fluoropolymer) is deposited onto the enclosure roof 61
after deposition. This extra deposition step may be performed at any stage after deposition

(e.g. after etching or after ashing).

Referring to Figure 19, the nozzle enclosure 60 is formed by etching through the
enclosure roof layer 61. The enclosure opening 63 is defined by this etch. In addition, the
enclosure roof material which is located outside the enclosure sidewalls 62 is removed. The

etch pattern is defined by standard photoresist masking.
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4Low t hermal expansion Electric field strength

requi red (approx. 3.5 V/pn) can be generated w t hout
difficulty Does not require electrical poling 4Low
maxi mum strain (approx. 0.01%y 4Large area required

for actuator due to |low strain 4Response speed is
marginal (-- 10 110 Hi gh voltage drive transistors

r equMithdhe forzle gmgwe, dmdiluch'ng nézzheadbsurediaadw €idly fdteed on a

roaR0oF Bl Sicth b3 24 et IR GROTEHAOUELM e sbed Eipmcke packside of
thE QuisaafeGNERh dhKnddRRPR) theIRsE b lu(%]f%‘?n Advant ages

Di sadvant ages Exanpl es Ferr o- ectric An electric
fieldis used to i nduce a phase transition bet ween t he

por oS SIS (1 20 SR RPN TR BF p Pl chine B2 RS irt,
sdcaut drinud o féislc0atas18s of Svtartast( RBedbervitiewdifiint piu%VSQQire ashed off

strai ns of up to 1% associated with the AFE to FE
UuPERAEOr PIAFEE- tAf@ﬁrdmglbvﬂ%ﬁ@rneQM@md@éwm the gk supply channel 32

AR SR A S SRR e L

field strength of around 3 V\ﬂrn can be readily

ro ed ffi to int ate with e] ect [
ol Sioud B ot thok vt oBBRFESiAh &1 Gk oide! the nozzle chamber
sid6i AR 6D Fetndi R RutdddyI8e MFa4, thd Qdit 'éélﬁﬁaév@aussé@édd%e chamber
pl at es Conducti ve El atés are separated by a
P

sigeyvabls &s Thisipertion dfiphoigrasiseissetled ﬁo(m@g &), lashing pI)astmeh therefore,

volt e tes attract, eac
el BB R0 TR BB nie
adi@ﬁtdgt(bbsl\yq»r@h@éseﬁdmhah@bmdﬁne@s f‘dmﬁb nthed By Gapporting the nozzle
structure, or stacked to increase the surface area and
Platg e Hﬁweeﬂ\erpémeQ bas a 1ObstAOREE DIAbHENIARINE GPNLNVRRS]Y ioMeE Tows of
ndzZ¥RE Sind %@ b?@glgd BREL A h%pdef‘n@'l é]fldt&%gigt, §Paddition to support
operate &l st at evices in eous
walsvi ronrrent The el ectrostatic act uat or wll normally
need to be separated fromthe ink 4Very | arge area
required to achi eve high forces 4H gh vol t age

Other Embodiments

The invention has been described above with reference to printheads using bubble
forming heater elements. However, it is potentially suited to a wide range of printing
system including: color and monochrome office printers, short run digital printers, high
speed digital printers, offset press supplemental printers, low cost scanning printers high
speed pagewidth printers, notebook computers with inbuilt pagewidth printers, portable
color and monochrome printers, color and monochrome copiers, color and monochrome
facsimile machines, combined printer, facsimile and copying machines, label printers, large
format plotters, photograph copiers, printers for digital photographic “minilabs”, video
printers, PHOTO CD (PHOTO CD is a registered trade mark of the Eastman Kodak
Company) printers, portable printers for PDAs, wallpaper printers, indoor sign printers,
billboard printers, fabric printers, camera printers and fault tolerant commercial printer

arrays.
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drive transistors may be required Full pagew dth
print heads are not conpetitive due to actuator size
1102, 1104 Electro- static pull on ink A strong
electric field is applied tOISie i nk, wher eupon

el ectrostatic attraction accelerates the ink towards
the print nmedium Low current consunption Low

t enpRKaf BE Spprédiflb MPbREs w&ﬁe&m@ﬂﬁéﬁ&%abﬁuﬂémﬁmns and/or

sparks due to air breakdown Required field strength
mpgificatinne maydemrrde 8y hp preisond inksptiemasebowniingthe pricifgmbodiments

' ransi stors required | ectrostatic field.
wilhou RebdeRiioh o Ul BB of VAR AR! ety esCiineg g e present
ervbotimensts ar@] therdfre, 40 BdébnSfddred id el eesp&is to B IIAGHAAEG@RA not
1VI ECHANI S1 (APPLI ED ONLY TO SELECTED | NK DROPS)

TefiBSEYS pt i on Advant ages Di sadvant ages Exanpl es
Per manent magnet el ectro- nagnetic An el ectromagnet
directly attracts a pernmanent magnet, displacing ink

Inkidt Eechsologicsir op ej ection. Rare earth magnets with a
field strength around 1 Tesla can be used. Exanpl es

are: Sanmarium Cobalt (SaCo) and magnetic materials in

t he TIRAGIHdIRtY Hhd PR eRichaRL by kN5 Bier N ESRED Of course many

NdDyFeB, etc) Low power consunpti‘on’ Nany ink types _

digfgrenbéevigse goulgbs tusesh doateivempresdntin pepylircink gt yrinthiag technologies are
' . m singl e nozzles to pagewi dth print heads

”%%%’@)bgghé{?g’gtati on Permanent nmagnetic material such

as Neodym um Iron Boron (NdFeB) required. |Hi gh |ocal

currents required | Copper nmetalization should be used =

for Thmgogsiaificans pypblemonith theanaliek ighes nowsr penspapHion.(Khis is

. niefeh Al ey . b . . '

BSOSt SRk R0 S ARG gyt
mba ofdroplej&tion 1RO inSohves thegasit iboilimgrof watee ¢d produce a vapor bubble

netic.A.solenoid i nduce magnetic field in a soft .
i ﬁ&%‘%m&a@%k’g%tem@ Vet e agwaﬁa apdmayst By guperheated in
thERb L kot SIPGiBatfbhs ThEATARbAY fckrmb Pkt gﬁﬂtﬁea%H Ris@8ads to an

CoNi Fe (1 b CoFe, or N Fe alloys. Typically, the soft
effreignest ofoarenndd).02%, fran electristy prput &0 deh noimentien (odrindreased

held apart by a spring. Wen the solenoid is actuated,
Su{%@%ﬂﬁ%%@frts attract, displacing the ink. +Low power

consunption Many ink types can be used
The most significant problem with piezoelectric ink jet is size and cost.
Piezoelectric crystals have a very small deflection at reasonable drive voltages, and
therefore require a large area for each nozzle. Also, each piezoelectric actuator must be
connected to its drive circuit on a separate substrate. This is not a significant problem at the
current limit of around 300 nozzles per printhead, but is a major impediment to the

fabrication of pagewidth printheads with 19,200 nozzles.

Ideally, the ink jet technologies used meet the stringent requirements of in-camera
digital color printing and other high quality, high speed, low cost printing applications. To
meet the requirements of digital photography, new ink jet technologies have been created. The
target features include:

low power (less than 10 Watts)

high resolution capability (1,600 dpi or more)
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Fast operation 4i?H gh efficiency Easy extension from
single nozzles to pagew dth print heads | Conplex
fabrication WMaterials not usually present in a CMOS
flub such as Ni Fe, CoN Fe, or cCoFe are required I Hi gh
| ocal currents required *Copper netalization should be
used for long electromgration lifetine and | ow

r esighbtoskdntic ating is required High

sat up;hat :ggdr?x%‘ Iqﬁéﬁfgg&gﬂy is required (2.0-2.1 Tis
achilevamnufagturingcofi Fe [1]) 1JO, 1.105, UK DLO,
1E2,1134. 1.J15, . 7 .22 .ACTUATOR MECHANI SM ( APPLI ED
o P e GRS et T SRS YR Advant ages

Di saﬁgtegﬁea‘ggszgacaﬁmllﬁspé,g@yenz force The Lorenz force
acting on a current carrying wire in a magnetic field
is utilized. This allows the magnetic field to be

i |yt i £ or N
o PBUA SRR o 00 e T SYAERL o o
witlardiffering Wivels ofediffibdtyf alFoitgdive differenth inkpidt ntechnblogits have been
sinpljfying materials requirenments.. .The_ actyatqQr uses
a by b AP St F &@d%famg% oF shoifg for ﬁ%ﬂi@ﬁ% mggufacture.
Thgeﬁé fe%ﬁ&il%&ei AAmPalt QY slgﬁaratt@ Rl MRond MSRERE Ity Eﬂeﬁi?é’seiétr ARdlignee as set

evel oped” at the Naval O dnance Laboratory, henc
ouf &y thi ¢abigoinder the hedsiéng Crops Referencsy fo Releted dpplications houl d

be pre- stressed to approx. 8 MPa. Low power

consunption 4Many ink types can be used Fast ,

oper@iciifijet Hsihns ShdwiChepd sy suiﬁ%&yfoﬁ%tv@db&h@%' S:d‘ffd britfihg systems,

nozzl es to pagewi dth print heads l\/ang1 in ingggﬁaign bg y.
frora battery pewersd ongtimsruse digitg] eamesass thspughyte festomyangd network printers,

t Jot R ' heads High force is ,

ang\?lgli%ilggﬁoe&% or@g%ag&é%s{%mtw sting notion Typically,

only a quarter of the solenoid | ength provides force

[ useful, dirgction, 4Hifji%h local currents required

I n .
4CoRRE RS M AE PSSR SHAC Brases FIRBImeRlo g Prtthead is designed to
bedd RBLSIRL Y Phicesh EM® EiE waRAMERKY %(lﬁgbljﬂéés\éfn YFor colog gh%tographic

Pi gnented inks are usually infeasi Forcé acts
appligationsy ghamintiad iUlPsuml lomg vethi aalvsittswhich depetids fmmahe ik jet type.
THE $halfEs u}')rl{n%gead 'jeggneldolgal!l 38, %vlfﬁghexlgt0§3§ %%J Iwric‘iee(ii gsvcllr?éj g eclr’lip area of 35

square mm. The printheads each contain 19,200 nozzles plus data and control circuitry.

Ink is supplied to the back of the printhead by injection molded plastic ink channels.
The molding requires 50 micron features, Which can be created using a lithographically
micromachined insert in a standard injection molding tool. Ink flows through holes etched
through the wafer to the nozzle chambers fabricated on the front surface of the wafer. The

printhead is connected to the camera circuitry by tape automated bonding.

Tables of Drop-on-Demand Ink Jets

Eleven important characteristics of the fundamental operation of individual ink jet
nozzles have been identified. These characteristics are largely orthogonal, and so can be
elucidated as an eleven dimensional matrix. Most of the eleven axes of this matrix include

entries developed by the present assignee.



10

15

20

25

30

metal i zati on shoul d be used for |ong el ectrom gration
lifetime and low resistivity 4Pre-stressing may be
required 1J06, 1J11, 1113, 1JI16 4Fi schenbeck, US?
4,032,929 41325 Magneto- strigtion Sur face tension
reduction Ink under positive pressure is held in a
nozzl e by surface tension. The surface tension of the

i Nk Tige foRBWRRMaBIE! R¥nitheaky BbheelbiriiRhondt 8ib% HGnk N8 types.

ink to egress fromthe nozzle. 4Low power consunption
ASi n%t@t@dﬁ@m&ml(kﬁﬁypm unusual materials required in

fabr t ency Easy extension from

si ng aéf%ﬁJ zz mﬁe?%@ﬁ} dth print heads Requires
supmmmyafeyhatmnc@typespffect drop separation

+ReqU| res sp Ink surfactants  Speed may be

i M4 W@ﬁ‘%@&n&ﬁfﬂ fisgtaon method 67 tyrashr ook EP 0771
658 Aeé%u (ﬂt ent applications 23 ACTUATCR

MECHANI SM APPLI E LY TO SELECTED | NK DROPS)
Des d¥azgleirefill methad (4ypes) Di sadvant ages Exanpl es

Vis t uctiqn .The ink viscosity is locally
redﬁ\g%th 8{@%1 O%ﬁlfg &]:’}SBé“ﬁ‘re ?lt c&ﬁféfej ected. A

Vi sQusHzle)ldafiflp et (S Bped)e achi eved el ectrothernal Iy
wi th nost inks, but special inks can be engi neered for

a 1@@413\111&:2%%15&90&09 t}/lpﬁfdn Sinmpl e construction No
unu%*}ﬁ%d&c&ox{ d in fabrication Easy

ext ens romsi ng zl es to pagewi dth print heads

40, Relqgtyipe €stype)pl enent ary force to effect drop
separation Requires special ink viscosity properties

+Hi gh speed is difficult to achieve 4Requires

oscify

G £ e ohfpert BB ERRHEIpol Syl RBrs BIREDS b e contains 36.9
billiGoppbstie domﬁ@lrmcms uf hﬂcyet*xﬁezlpl Whilé abtr dlteft the possibdercombinations

ef.ficie Poor .control of .0 ition Poor
regi i Agfiabld ink Bifechoptngy mapy mpii ligheondigyassigas B‘iﬁe"r‘%hl? .ghis clearly
indpR&tUCA188 eRicidaRr MBdf th@ﬁd&%l@tﬁonﬁguﬁiﬁ&@“ mstéh d&rtam ink Jet types have

Corrosi on prevention can ficult grment ed

been kyestigataddn detad a Jihbdeaire desigmiatpdeld01 paH 45 eb@@ wisigh jratehes the
doci??t &%%ﬁgrs 1§&khetatt gls bllng l{,ﬁ{ %rg%%l%ross Re ererllces tg RA%ated1 gppllcatmns

Other ink jet configurations can readily be derived from these forty-five examples
by substituting alternative configurations along one or more of the 11 axes. Most of the
[JO1 to 1J45 examples can be made into ink jet printheads with characteristics superior to

any currently available ink jet technology.

Where there are prior art examples known to the inventor, one or more of these
examples are listed in the examples column of the tables below. The 1J01 to 1J45 series are
also listed in the examples column. In some cases, print technology may be listed more than

once in a table, where it shares characteristics with more than one entry.

Suitable applications for the ink jet technologies include: Home printers, Office
network printers, Short run digital printers, Commercial print systems, Fabric printers,

Pocket printers, Internet WWW printers, Video printers, Medical imaging, Wide format



1993 Hadi moglu et al, EUP 550,192 1993 Elrod et al,

EUP 572,220 1103, W09, ul7, 1J18, B19, 1.120, 1J21,

1322, 1123, 1J24, 1327, 1328, 1129, 1130, 1J3 1, 1132,

1J33, 1334, 1135, 1J36, U37, 1138 ,1J39, 1J40, 1141

Acoustic An acoustic wave is generated and focussed

upon the drop ejection region. An actuator which

] n ] . .
P e R R R AR AE AR, PO Bopirs,
Phasogrpphwemiizhs etept i on  Many i nk types can be used

Sinple planar fabrication Small chip area required

for each.actuator _.Fast .operation _Hi ef.ficien .

1 Oy Kty Piosited agBae At Bl s i set
5 oyipthedelewipg fables- ysed Easy extension from single

nozzl es to pagewi dth print heads Therno- el astic .

bend act uat or. 24 ACTUATOR MECHANI SM ( APPLI ED

ONLY TO SELECTED | NK DROPS) Descri ption Advant ages

D sadvant ages Exanpl es H gh CTE therno- el astic

actuator A material with a very high coefficient of

t hermal expansi on (CTE) such as High force can be

generated Three net hods of PTFE deposition are

Requi res special material (e.g. PTFE) Requires a PTFE

deposition process, tU09, 1.117,1J18, U20,1111, 1J22,

[.123, 1J24, 1127, 1128, 1129, 1130,

pol yt etraf | uor oet hyl en under devel opnent: which is not

yet 1J31, 1.142, 1143, e (PTFE) is used. As chem ca

vapor standard in ULSI 1J44 high CTE naterials are

usual |y non- deposition (CVD), spin coating, and



fabs PTFE deposition
evapor ation cannot be foll owed fabricated froma
APTFE is a with high conductive material is

candi date for | ow tenperat urgg(above i ncorporated. A

conductive, a heater

50 umdielectric constant 350°C) processing | ong
PTFE bend insulation in ULSI *Pignented inks
actuator with polysilicon heater and Very |ow power
conoitnaat 1 o~ oy b ) o f S oo [P o HEPSTZ ===t 5 nart ~l ac
OITO Ul CI1 Ull 1TTCL J I OOl M o) 1 9IICTIL 'JU.I CIrolrrco
ACTHATOR P AN (RBER YRS TP SR VRO 1 am the bend
can pr Descdgion80 pl fladesmtgesd 10 pm Dieli@eailison. Examples
Therffal Ual Qh 0RLLIRAS | N¢hUdeirgeBaRd Push caghb&vetised [¢  Canon Bubblejet
bubbteSi NPl eaf} RAhe fRBY 1| Cadnkratad Smal | |@hi pkasea r equj rid@ Endo etal GB
for eaehvantlidgioait, achuasimple Buckl e lidftaisd watper at | gmtent 2,007,162
Rot at ¢ transfiegihg ednfficait € negpstruction ¢ Low efficiency ¢ Xerox heater-in-
heat to the aqueous ¢ Nomovingparts |¢ High pit 1990 Hawkins et
ink. A bubble ¢ Fast operation temperatures al USP 4,899,181
nucleates and quickly e  Small chip area required ¢  Hewlett-Packard
forms, expelling the required for actuator | ¢  High mechanical TIJ 1982 Vaught et
ink. stress al USP 4,490,728
The efficiency of the ¢  Unusual
process is low, with materials required
typically less than ¢ Large drive
0.05% of the electrical transistors
energy being ¢  Cavitation causes
transformed into actuator failure
kinetic energy of the ¢ Kogation reduces
drop. bubble formation
¢ Large print heads
are difficult to
fabricate
Piezo- A piezoelectric crystal |¢  Low power ¢ Very large area ¢ Kyseretal USP
electric such as lead consumption required for actuator 3,946,398
lanthanum zirconate ¢  Many ink types ¢ Difficult to ¢ Zoltan USP
(PZT) is electrically can be used integrate with 3,683,212
activated, and either ¢+  Fast operation electronics ¢+ 1973 Stemme
expands, shears, or ¢ High efficiency ¢ High voltage USP 3,747,120
bends to apply drive transistors ¢ Epson Stylus
pressure to the ink, required ¢ Tektronix
ejecting drops. ¢  Full pagewidth ¢ D04
print heads
impractical due to
actuator size
¢ Requires
electrical poling in
high field strengths
during manufacture
Electro- An electric field is ¢+ Lowpower ¢ Low maximum ¢ Seiko Epson,
strictive used to activate consumption strain (approx. Usui et all JP
electrostriction in ¢ Many ink types 0.01%) 253401/96
relaxor materials such can be used ¢ Large area + 1J04
as lead lanthanum ¢ Low thermal required for actuator
zirconate titanate expansion due to low strain
(PLZT) or lead ¢  Electric field ¢  Response speed
magnesium niobate strength required is marginal (~ 10
(PMN). (approx. 3.5 V/um) us)
can be generated ¢ High voltage
without difficulty drive transistors
¢  Does not require required
electrical poling ¢ Full pagewidth
print heads .
impractical due to
actuator size




+CMOS conpati bl e voltages and currents Easy
extension from single nozzles to pagew dth print heads
Conduct-lye A polyner with a high H gh force can
Requires special 1J24 pol ymey, coefficient of thernal
be generated materials therno- expansion (such as
4Very | ow power devel opnent (High elastic PTFE) is

ACTUAdOpEdCHMNtSM (mnsmamvrro m@d’ﬁommﬂme&) ive actuat or

e RS o R U, DT R ™) el
Ferro-c ond(iég Fl?ﬁtrtc lelfié aboht Ié’“’(?f’?ﬁ%r s off* lutg Si|pl Ho4
electriey] anp Se‘f Aphadh d%oﬁjé‘ u‘jk pr c é'# Wit ch i g not

be ¢ the 0niCs

yet ﬁﬁé o) ?hvﬁ 8 ROSL ChLR..area stiandard

In U ferro ! u‘:t 'F@g o;ge%%'@rl r ec fmg feridhey Jﬂ ag abs '

pol y”ﬁfasee%ﬂﬁ is act Uatqry E depesrdiraR

materials such as tin ¢ Relatively high required
modified lead longitudinal strain ¢ Actuators require
lanthanum zirconate ¢ High efficiency a large area
titanate (PLZSnT) ¢ Electric field
exhibit large strains of strength of around 3
up to 1% associated .
with the AFE o FE ;,r/élvr?d:?in be readily
phase transition.
Electro- Conductive plates are [ 4 Low power 2 Difficult to . 1J02, 1304
static plates | separated by a consumption operate electrostatic
compressible or fluid |¢  Many ink types devices in an
dielectric (usually air). can be used aqueous
Upon applicationofa |  Fast operation environment
voltage, the plates ¢ The electrostatic
attract each other and actuator will
displace ink, causing normally need to be
drop ejection. The separated from the
conductive plates may ink
be in a comb or ¢ Very large area
honeycomb structure, | required to achieve
or stacked to increase high forces
the surface area and + High voltage
therefore the force. drive transistors
may be required
¢  Full pagewidth
print heads are not
competitive due to
actuator size
Electro- A strong electric field |¢  Low current ¢  High voltage ¢ 1989 Saito et al,
static pull is applied to the ink, consumption required USP 4,799,068
on ink whereupon ¢ Lowtemperature |4 Maybedamaged |¢ 1989 Miura et al,
electrostatic attraction by sparks due to air USP 4,810,954
accelerates the ink breakdown 4  Tone-jet
towards the print ¢ Required field
medium. strength increases as
the drop size
decreases
¢ High voltage
drive transistors
required
¢  Electrostatic field
attracts dust




when resistively heated.
ef ficiency cannot be followed wth high
. CMOS tenperature (above
conpatl bl e voltages 350 C) pr
currents 4Evaporation and

conduct

d

cessing
rbon nanot ubes

Fast operation 4H gh

Exanp
i ng dopants

i ncl ude:
Easy

| es of

and

ext ensi on CVD deposition Metal fibers fromsingle
ACTIIRG S R I AR oM TH S Ecren R BIRRGT Ve potymer st o
pagew dih prin JSP such as _doped pol ythi ophene
Car bo anr:lamlgh es headgdvaRiageyent ed i|Tisdvmiagde Examples
Permaidn€ aSAbti@roddgnddi gent Ipampbwval es rmay ¢Cafpidkhe bend 107, 110
magraCt uaf difectly aRfactCTUAT ORnvEGHWANI SM (| ARBLdatia ONLY TO
electi@E| ECT#eBndnpiKmhfoh)  Des ovlanpink epesAdv ant Begresent
magrefics o dyveirrlagigeink Bdanpl exo Bhisgle menor|y magtedpymatrighape
menor ycaa%n} P§l§€:‘ﬁn a<" T| ﬁ‘il?t o esatlgrb kn oWﬁh eRIIIYD |
Ni ckej R W$§| fsiseey at fm?ﬂdnance
S
Labora¥§? T%a i T&ﬁgd ? ﬁéég |ts weak
mart enghd EGooLaLe an (ﬁa§ §t| f jenijc
st at e| s,hhgnshane of %ﬁ% tor i rtenS|tic
state @S&ﬂ@&ﬁﬁ@ﬁﬁcrelatlve to the agﬁg &ﬁs§hﬂpe. The
shape| ehangen dauses | ej ection of a |dbORed fotlbgh farce is
avai | pigbéynfist r@dses | of hundr eds of] bRapmigta@srge Strai n
i s avaRpdbNdF@Byore than 3% Hi gh |[cdiferiesindowr esi|st ance
Si npl eNEyERNyct i on| Easy ext ensi gnresistoity si ngl e
nozzl ¥ &ewi dt h print heads |PowPigmnted igs
operation Fatigue |inmits maxi mum/ néiP@rlof cyclles
infeasible
¢ Operating
temperature limited
to the Curie
temperature (around
540 K) -
Soft A solenoid induceda |¢ Low power ¢ Complex ¢ 1JO1, 1J0S, 1J08,
magnetic magnetic field in a soft | consumption fabrication 10, 1J12, 1714,
core electro- | magnetic core or yoke |4 Many ink types ¢  Materials not 115,117
magnetic fabricated from a can be used usually present in a
ferrous material such |  Fast operation CMOS fab such as
as electroplated iron ¢ High efficiency NiFe, CoNiFe, or
alloys such as CoNiFe | ¢  Easy extension CoFe are required
[1], CoFe, or NiFe from Single nozzles ¢ ngh local
alloys. Typically, the to pagewidth print currents required
soft magnetic material heads ¢ Copper
is in two parts, which | ¢ metalization should
are normally held be used for long
apart by a spring. electromigration
When the solenoid is lifetime and low
actuated, the two parts resistivity
attract, displacing the ¢  Electroplating is
ink. required
¢ High saturation
flux density is
required (2.0-2.1 T
is achievable with
CoNiFe [1])




Low strain (1%

Requi

res unusual

Is required to extend
resistance 4Cycle rate limted by heat
materials (TiNi) +The | atent heat of

fatigue
r enoval

transformati on nust be proviged High current

operati on

Requires pre-stressing to distort the

martensitic state +1326 Li near Magnetic Actuator

Aauhanem:nmxebémnmm wrscTEnmsk ud@»sl he Li n ear

I nducti on

Actur HA)—tine Permanent net—SynehroRous
bgﬁcrﬁfqa.\/nm L Aflyapta gﬁgﬂywémm.q Examples
Lorenact ud{Tae LYeREXE, Li fealoShi*ethed Rel eltcamsés Act 4t g{e 6, J11, 1713,
force ( LSRA)“‘“‘“&H‘H" QuUFFEt | neaff’r;s% er Act B?g @ﬁ?y
I\/agn ag elg,grc?][ Can fru uartero Qh
t hr uvtmda;fe@ng Tavel . agastop ef f cl.g (yle ng pl anar
sem Q%S%OWS fabrilg gi?x‘é qUesovidePRe AGL Ut Or
travel,, W b 8! e LM Ipr ce dssﬁ,lmagﬁl,,abl e| Low
vol t agg, Qéa%ﬁt@,ux@rb R%ullsrng@n&aegsuw sggieanduct or
mat er Iﬂ&[?;ﬁm&bb@hfoﬂs sjofib pigediRpine al | @yent(reuged CoN Fe)
Sone |¢adpRiwi®saral SO redsli re per mapentCopmgnet i ¢
mat erlieathpemagdt as Neodym um i ron pongaiizgtiddfeBy
Requi|magnesonpl ex mul ti - phase dri vebeclﬁqdéqxllqnzy Hil gh
cur r efnlydlpenmdni on || 312  BASI C OPERKFIONEMODE
Descr| |0Ht>’|1ﬂ®rwf¥deﬁt>¢agesDi sadvant agesli'if%ﬂ?tjllaé‘%bWZG BASI C
OPERA flb(‘}ﬁ‘e CPiésicri ption Advant g é, S lgllksant ages
Exanr s}i'i?,*’ch@éﬂgor directly pushes|$ gﬂﬁ“ he
si npl é“ Llreme‘ﬂ? of oper at on: the actlyégsggqe d| rect I y
Ma nbuppl ac?lli]tlnlulsu et ‘r\l I enerog Tq, cey l ||c § Ufj“l)s'chenbeck,
strigﬁ?lxﬁe qr 2lostietvE (2 ¢ euL ﬁ'tépnts vEl Ligym 9, over ¢ 4,032,929
he St ARERCRHEt orf, ““Heile aper by 1 Gk Ext ef palys:
f i el dSucheitiERAD aﬁat.el Ehsh EcrddbiPS  Cahadiis aupbded | i f
dr op | ¥BdyQ@€iedbiim, S | €S SrotR@Rle AozilbsS B CasteddeDafef i Ci ent
dependyspgsittpodd iflohe [aas phgdwadth ptmed | Dequited epetiti on rate
i S ugudedelopedlai the ¥azal |t dieggls ound 10 kHz. HupMexier, this is
‘not f Onddanvehtbatatotyp |tehe Higbfdmeds, buf dusentsgbqairald t ¢ t he
refil Ihef’ﬁ%"qur@a‘Nﬁé} mal layeilebied 4AI | of tQeppedr op ki metic
enerq;’f"ﬁ?ﬁ fﬁb‘ v ded by the act usttadigatiosgedd | it e
dr ops °f é& g‘ P f'n if drop vel oci ty""“‘é"‘i é“&?er {han
4.5 mhe. THEFMET °ink jet 4, Piezoe el“&f j et
ctime an low
resistivity
¢ Pre-stressing
may be required
Surface Ink under positive ¢ Lowpower ¢ Requires ¢  Silverbrook, EP
tension pressure is held in a consumption supplementary force 0771 658 A2 and
reduction nozzle by surface ¢ Simple to effect drop related patent
tension. The surface construction separation applications
tenston of the ink is ¢ No unusual ¢ Requires special
reduced below the materials required in ink surfactants
bubble threshold, fabrication ¢  Speed may be
causing the ink to ¢  High efficiency limited by surfactant
egress from the ¢  Easy extension properties
nozzle. from single nozzles
to pagewidth print

heads




1301,
1112,
1127,
1136,

manner

1.102, 1303, 1104, 1105, 1306, 1107, B09, 1111,
1114, 111 6, 1120, 1122, 1123, 1124, 1125, 1126,
1128,1129, WO, 1131, 1132, 1333, 1134, 1135,
1137, 1138, 1339, 1140,.,,1141, 1142, 1343, 1144
Proximty The drops to be printed are selected by sone

(e.g.

thernal 'y induced surface tension
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coefficient of thermal
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to increase its
conductivity to about 3
orders of magnitude
below that of copper.
The conducting
polymer expands
when resistively
heated.
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conducting dopants
include:

Carbon nanotubes
Metal fibers
Conductive polymers
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polythiophene
Carbon granules
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actuator is turned off, ¢ High stress in the
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This can reverse the
force/distance curve of
the actuator to make it
compatible with the
force/time
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Actuator A series of thin ¢ Increased travel ¢ Increased ¢ Some
stack actuators are stacked. |¢  Reduced drive fabrication piezoelectric ink jets
This can be voltage complexity ¢ 1J04
appropriate where ¢ Increased

actuators require high
electric field strength,
such as electrostatic
and piezoelectric

actuators.

possibility of short
circuits due to
pinholes
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remainder of the
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in greater travel of the
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distribution is very
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Catch

The actuator controls a
small catch. The catch
either enables or
disables movement of
an ink pusher that is
controlled in a bulk
manner.

¢ Verylow
actuator energy
Very small

actuator size

L

¢  Complex
construction
Requires external
force
Unsuitable for

pigmented inks

L

L

L4

1J10

Gears

Gears can be used to
increase travel at the
expense of duration.
Circular gears, rack
and pinion, ratchets,
and other gearing
methods can be used.

¢ Low force, low
travel actuators can
be used

Can be fabricated
using standard
surface MEMS

processes

+

K4

Moving parts are
required

Several actuator
cycles are required

More complex
drive electronics

¢

¢

¢+ Complex
construction
¢  Friction, friction,

and wear are

possible

¢
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encl| aseipm foldeenosién. Uct ure i s Pi nned @Werb@fuéen&ﬁtds ¢ SABART
Tapere(& hi @ha;@}éﬁ m@éneticpl anre Lingahﬂab thy CGood Cf)lnblb)d flowjéo ﬂlhe
magnetic €gi| @ble balicrebe t he |actapg@tior | ncr epsesstradiibn ci ency ?Not
pole r eadlithyel & the txpbise f|orforpefdstapetesrvevn) ch directly push the
i nk | oPest.gn conplexity 1J18 1JR0, 1142 Curl inwards
_ Curll outwards A set of actuators| curl outwards
Lever presauevezdntfilorunkis i |t aMellzsiver surey olkighismgs t he ¢  1J32,1J36,1537
act yated togransémg aex pelteyehagtuptprivithr om asundtey fulsrimn { he
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the | yRETEC LR 1) GhfafaliShrp,tH oh ef ficiency| Smal |
chi p .3l 88 revdde gbryigeatd,pn conpl exity Not sujtable
for | QB edel Nk +1322 35 ACTUATOR MOTI ON
Rotary Des ¢ iy, Pl b, Qb iSdVant|ggefighhmeNaNT QY€ Tomplex * 128
impeller connected to a rotary advantage construction
impeller. A small ¢ Theratio of force |¢  Unsuitable for
angular deflection of to travel of the * pigmented inks
the actuator results in actuator can be
a rotation of the matched to the
impeller vanes, which nozzle requirements
push the ink against by varying the
stationary vanes and number of impeller
out of the nozzle. vanes
Acoustic A refractive or ¢ Nomovingparts |¢ Large area ¢ 1993 Hadimioglu
| lens diffractive (e.g. zone required et al, EUP 550,192
plate) acoustic lens is ¢ Onlyrelevantfor {¢ 1993 Elrod et al,
used to concentrate acoustic ink jets EUP 572,220
sound waves.
Sharp A sharp pointisused |¢ Simple + Difficult to ¢  Tone-jet
conductive | to concentrate an construction fabricate using
point electrostatic field. standard VLSI
processes for a
surface ejecting ink-
jet
¢ Only relevant for
electrostatic ink jets
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+Hi gh ‘"&Sl@’éd Low ad loua%rga[ll p area friction at a pivot
requuements pOLﬂt
Bend The actuator bends ¢ A verysmall ¢ Requires the ¢ 1970 Kyser et al
when energized. This change in actuator to be made USP 3,946,398
may be due to dimensions can be from at least two ¢ 1973 Stemme
differential thermal converted to a large distinct layers, or to USP 3,747,120
expansion, motion. have a thermal + 1J03,1J09, IJ10,
piezoelectric difference across the | 1719, 1J23, 1J24,
expansion, actuator 1325, 1729, 1330,
magnetostriction, or 1331, 1333, 1134,
other form of relative 1135
dimensional change.
Swivel The actuator swivels ¢ Allows operation | Inefficient ¢+ 1J06
around a central pivot. where the net linear coupling to the ink
This motion is suitable force on the paddle motion
where there are is zero
opposite forces ¢  Small chip area
applied to opposite requirements
sides of the paddle,
¢.g. Lorenz force,
Straighten The actuator is ¢ Canbeused with | ¢  Requires careful ¢ 1J26,1J32
normally bent, and shape memory balance of stresses:
straightens when alloys where the to ensure that the
energized. austenic phase is quiescent bend is
planar accurate
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met hoacklesircthe mgdla ngpeet ef tieyaln or |  is constrained
when energized. .| ¢ Mechanically ¢+ High force
rigid required
Push-Pull Two actuators control | ¢  The structure is ¢ Notreadily ¢ 1518
a shutter. One actuator pinned at both ends, suitable for inkjets
pulls the shutter, and so has a high out-of- which directly push
the other pushes it. plane rigidity the ink
Curl A setofactuatorscurl | ¢  Good fluid flow ¢ Design +  1J20,1)42
inwards inwards to reduce the to the region behind complexity
volume of ink that the actuator
they enclose. increases efficiency
Curl A setofactuatorscurl | ¢  Relatively simple | ¢  Relatively large + 43
outwards outwards, pressurizing | construction chip area
ink in a chamber
surrounding the
actuators, and
expelling ink from a
nozzle in the chamber.
Iris Multiple vanes enclose | ¢ High efﬁciency ¢ ngh fabrication . 1322
a volume of ink. These |¢  Small chip area complexity
simultaneously rotate, ¢ Not suitable for
reducing the volume pigmented inks
between the vanes.
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Only partially effective

Design sinplicity
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1302,

1337,1344 Inlet shutter A secondary actuator controls

the position of a shutter,
when the main actuator

IS energiz

ed.

closing off the ink inlet




I ncreases speed of the ink-jet print head operation

Requi res separate refill
1309 The inlet

act uat or

and drive circ

is |located behind the ink-pushing

uit

surface The net hod avoi ds thg%problen1of i nl et back-
flow by arrangi ng the ink-pushing surface of the
actuator between the inlet and the nozzle. |Back-flow
NOﬂpE@bﬂEﬂﬁ$®0@lln1nated Requi res careful design to
mop‘l grrilﬂﬁgnegat | gdgr g}z ar e bet |l Q‘advap%gpaoo,n aExamples
Surfagg 5’ %‘%&m Hog] way 528 F%E‘i{yé Mfs's" ¥ ?‘% 334, |1 permal ik jet,
tensi ] * ¢ tén e fezoelectric i
T336 ;@’ﬁegi 13f ?11 %e{au f the a(férye relqrvel)ﬁ%l‘/es tjeg
shut bEf .t Jeid6f Themakfyiat or and slﬁaly@i\%areqfto the 1 B%1.107, wo-
chamb v{t wkly duanged so that the Mot Bkcet N€ | 1514, 1116, 1720,
act uat fpid koqaa&mgf f|the inlet. Sijgnifésgadmlimeductiiongs
i N backositibd. Oiis @gid be achi eved ConpasakllydRsingas
possi ptemm sGikainlairi ncrease in fabri qatlieonal epapbexit y
1307, | h3ag ta3psle 13838 Nozzl e act ugt @ate does not rlesul t
i n i nkonsgiekTE4i®w | n|some configurdtions of ink jlet,
t here P§&% nEdhlsi on or novenment |of an act uat or| whi ch
may call%eE® I Ba8k-11 ow through tHe inlet. Ink
o) force restorin . .
back-fh9§@ﬁ£gﬁ £mis elimnated None related tog ink
back- | L.owWwah-actiat i on  Silverbrogk, EP 0771 658 A2
and rehat edupdRBpte. appl i cations Val ve-jet *Tone-j et
Shun%&,dNO ok b5 thelnbARI NG METHEXER, spbASCT I Olsl ORegf¥ant agels  1jos, 1113, 15,
oscillirzadV aatRgR profuap | €S MNarabm@itorAl | |ofoihd ik0zzI es| arne, 1s, 1719,
ink pNesuad (e lessivbifatnot be ddvipgtas thok | et| pozsaleescilawi ng flized
per i odoscifidtdsyt twecothpl exaduatooned duly sUff | Beemtbet 0 syist ens
bef or pdrothaeciiosk has a e prclosethd  di|sphialefodr i ed ink
1301, | fmeey. Whgm  chimides asgednty . \Wagmentedik94, 1305,
1106. | dropis to be ejected, ejecting the ink drop
" | the shutter is opened
for 3 half cycles: drop
gjection, actuator
return, and refill. The
shutter is then closed
to prevent the nozzle
chamber emptying
during the next
negative pressure
cycle.
Refill After the main ¢  High speed, as ¢ Requires two ¢ 1J09
actuator actuator has ejected a the nozzle is independent
drop a second (refill) actively refilled actuators per nozzle
actuator is energized.
The refill actuator
pushes ink into the
nozzle chamber. The
refill actuator returns
slowly, to prevent its
return from emptying
the chamber again.
Positive ink | The ink is held a slight | ¢  High refill rate, ¢ Surface spill ¢  Silverbrook, EP
pressure positive pressure. therefore a high must be prevented 0771 658 A2 and
After the ink drop is drop repetition rate ¢ Highly related patent
gjected, the nozzle is possible hydrophobic print applications
chamber fills quickly head surfaces are ¢ Alternative for:,
as surface tension and required 1J01-1J07, 1J10-1J14,
ink pressure both 116, 1J20, 1J22-1J45
operate to refill the
nozzle.




not in use the nozzles 1707, 1309, 1310, are sealed
(capped) 7 11, 1312,1114, against air. 1316,
1320, 1122, The nozzle firing is 1523, 1324, 1125,

usual 'y perforned 1726, 1327,, 1128, during a speci al

1129, U30, 1.131, clearing cycle, after 1732, 11383,
1334, first noving the print 1136, 1137, 1338,
METHB@ aﬂkés%lérlﬁé @z@ﬁlﬁﬂgw Tmio’uéﬁ iR 40U 1041, —starron.
1142 145 Extra-}-n-systens which heat
Can (;_Deﬁ:inmxﬂnv Re gui 4;qgrgnq:ge§1 her Disadvantages Examples
Long inlet The ink inlet channel | ¢ Designgimplicity ¢  Restricts refill ¢  Thermal ink jet
channel to the nozzle chamber |¢  Operational rate ¢  Piezoelectric ink
is made long and simplicity 4 Mayresultina jet
relatively narrow, ¢ Reduces relatively large chip | ¢  1J42, 1J43
relying on viscous crosstalk area
drag to reduce inlet ¢ Only partially
back-flow. effective
Positive ink | The ink is under a ¢ Drop selection ¢ Requiresa ¢  Silverbrook, EP
pressure positive pressure, so and separation method (such as a 0771 658 A2 and
that in the quiescent forces can be - nozzle rim or related patent
state some of the ink reduced effective applications
drop already protrudes | ¢  Fast refill time hydrophobizing, or ¢ Possible
from the nozzle. both) to prevent operation of the
This reduces the flooding of the following: 1J01-
pressure in the nozzle ejection surface of 1J07, 1J09- 1712,
chamber which is the print head. 1J14, 1J16, 1J20,
required to gject a 1322, , 1323-1334,
certain volume of ink. 1J36- 1J41, J44
The reduction in
chamber pressure
results in a reduction
in ink pushed out
through the inlet.
Baffle One or more baffles ¢ The refill rate is ¢  Design ¢  HP Thermal Ink
are placed in the inlet not as restricted as complexity Jet
ink flow. When the the long inlet ‘¢ May increase ¢  Tektronix
actuator is energized, method. fabrication piezoelectric ink jet
the rapid ink ¢  Reduces complexity (e.g.
movement creates crosstalk Tektronix hot melt
eddies which restrict Piezoelectric print
the flow through the heads).
inlet. The slower refill
process is unrestricted,
and does not result in
eddies.
Flexible flap | In this method recently | ¢  Significantly ¢ Notapplicableto | Canon
restricts disclosed by Canon, reduces back-flow most ink jet
inlet the expanding actuator | for edge-shooter configurations
(bubble) pushes on a thermal ink jet 4  Increased
flexible flap that devices fabrication
restricts the inlet. complexity
¢ Inelastic
deformation of
polymer flap results
in creep over
extended use




Silv

heat

rel at ed patent

achi
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er br ool c,
er it under

eved by over-
he nozzle. the

EP power to the ink,
effective if the drive voltage for
nor mal
situations,

heat er

nozzl e

0771 658 A2

but do not boil

and i nk

is adj acent to clearing
zzl e clearing can be
powering the heater and boiling ink

May require larger drive

METHQW@MSmeﬁB@bTHOMmWW@ d The actuator is fired

e Lpé;&lp%@& FeqUT T GavaliatGCL | VENES Dol DT TS0 o mples
S U I UII UI abl al UI JUI TS 1 . T
Inlet ﬁléeama téxﬁ?tgit i onk F A?ﬁ%a c al eétg(t‘ts rc@x trd gﬁﬁmﬁg 11213324
circu g;.EM {% &pr n%m [% 4Can bg rﬁ Lsm\(mdepe
subst @y.a ﬁeyﬁuurpon $ hapcagfagecallamydl W Th: 1101,
1. 10,5 4 308debt 186 Rated3860 IOZOnsuL&QQ bU' | d-up
at t r@am@@aloesm@nt I oddhieshalgpnddess he |i nk j et nozzle 1310,
Li | I}, rededictidg ink filei. ch| bdpt s the ink| initiated by |digita
1116, The iR alsdlrtBSes | cl eari ng the mozzle. In | ogilc
1323, patBleywhichpR® | ot her situati ¢ons, it may 1327,
1128 blockthgnozzle.5 el syf ficient 1330, 31, 1332,
Small igdety r [aThie dnfdnlat ehapiies | oY g @esign simplicity | Restricts refill ¢ 1J02,1J37,1J44
compared to the nozzle chamber rate
to nozzle has a substantially ¢ Mayresultina
smaller cross section relatively large chip
than that of the nozzle area
, Tesulting in easier ink ¢ Only partially
egress out of the effective
nozzle than out of the
inlet.
Inlet shutter | A secondary actuator |4  Increases speed ¢  Requires separate | ¢ 1J09
controls the position of | of the ink-jet print refill actuator and
a shutter, closing off head operation drive circuit
the ink inlet when the
main actuator is
energized.
The inletis | The method avoidsthe | ¢ Back-flow ¢ Requires careful ¢ 1J01,1J03, 1J0S,
located problem of inlet back- problem is design to minimize 1J06, 1J07, 1J10,
behind the | flow by arranging the eliminated the negative 1711, 1114, 1716,
ink-pushing | ink-pushing surface of pressure behind the 1722, 1123, 1325,
surface the actuator between paddle 1328, 1331, 1J32,
the inlet and the 1133, 1134, 1J35,
nozzle. 1J36, 1J39, 1140,
1741
Part of the The actuator and a ¢ Significant ¢ Small increasein | ¢ 1J07, 1J20, 1J26,
actuator wall of the ink reductions in back- fabrication 1338
moves to chamber are arranged flow can be complexity
shut off the | so that the motion of achieved
inlet the actuator closes off | ¢  Compact designs
the inlet. possible
Nozzle In some configurations | ¢ Ink back-flow ¢ None related to +  Silverbrook, EP
actuator of ink jet, there is no problem is ink back-flow on 0771 658 A2 and
does not expansion or . eliminated actuation related patent
result in ink | movement of an applications
back-flow actuator which may ¢ Valve-jet
cause ink back-flow ¢  Tone-jet

through the inlet.




1133,
1339,

1334, 1736, clogged nozzl es. 1137, 1338,
1540, 1341, 1142, 1143, 1144, 1145 Extra
Where an actuator is A sinple Not suitable WMy be
used power to ink pushing actyator not normally driven
limt of its notion, 162zl e cl earing may be

to the

sol uti on where applicable where there is a hard limt

to actuator

1523

1

127 assi sted

by providing

novement with: 1303, 1109, 1316, 1120,

1324, 1325,

NozzyE GIERING MEBAOD 1131,

an enhanced drive

1332 1339,

1140, De&!rigi%l nt 9.,} Q%Mﬁt gLor. lﬁﬁgbva;ﬂgajg%é — % Examples
Normgl;. .’ gl S No added ' ME ¢ “'May ot \e" Hpt &' Most ink jet
nozzl rm‘rg’;lrt e‘i peno?zéll%lC?{/e‘r’lnt acgrgpcﬂexxty on the sufficient to systems

before the ink has a print head displace dried ink ¢ 1J01, DJ02, 1303,
chance to dry. When 1J04, 1305, 1306,
not in use the nozzles 1J07, 1J09, 1310,
are sealed (capped) 1711, 1712, 1514,
against air. 1J16, 1320, 1J22,
The nozzle firing is 1323, 1324, 1325,
usually performed 1726, 1327, 1J28,
during a special 1J29,1330, 1J31,
clearing cycle, after 1J32, 1J33, 1J34,
first moving the print 1136, 1337, 1738,
head to a cleaning 1139, 1140, 1J41,
station. 1142, 1343, 1J44,,
1J45
Extra In systems which heat |4  Can be highly ¢  Requires higher ¢ Silverbrook, EP
power to the ink, but do not boil effective if the drive voltage for 0771 658 A2 and
ink heater it under normal heater is adjacent to clearing related patent
situations, nozzle the nozzle ¢ May require applications
clearing can be larger drive
achieved by over- transistors
powering the heater
and boiling ink at the
nozzle.
Rapid The actuator is fired in { ¢ Doesnotrequire |  Effectiveness ¢ May be used
success-ion | rapid succession, In extra drive circuits depends with: 1J01, 1JO2,
of actuator some configurations, on the print head substantially upon 1J03, 1J04, 1J0S,
pulses this may cause heat ¢  Can be readily the configuration of 1J06, 1307, 1J09,
build-up at the nozzle controlled and the ink jet nozzle 1310, 1J11,1J14,
which boils the ink, initiated by digital 1J16, 1320, 1J22,
clearing the nozzle. In logic 1323, 1124, 1125,
other situations, it may 1J27, 1328, 1129,
cause sufficient 1J30, 1J31, J32,
vibrations to dislodge 1J33, 1134, 1J36,
clogged nozzles. 1J37, 1738, 1339,
)40, J41, 1J42,
1J43, 1J44, 1J45
Extra Where an actuator is ¢ Asimple ¢  Not suitable ¢ May be used
power to not normally driven to solution where where there is a with: 1703, 1J09,
ink pushing | the limit of its motion, applicable hard limit to 116, 1320, 1323,
actuator nozzle clearing may be 1J24, 1325, 1327,

assisted by providing
an enhanced drive
signal to the actuator.

actuator movement

1129, 1130, 1731,
1J32, 1139, 1J40,
1J41, 1742, 1J43,
1744, 1745




Exanpl es Acoustic resonance An ultrasonic wave is

applied to the i nk chanber.

This wave is of an

appropriate anplitude and frequency to cause
sufficient force at the nozzlsg to clear bl ockages.
This is easiest to achieve if the ultrasonic wave is

at a resonant frequency of the ink cavity.
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cha ve b ea eVel J21
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pushed, ﬁ] ? rn%§tcd aﬂ;ls?y pl Al st @&ua@r p03t for
ever frgh(gg,@@cau& poet 10WRYE & shth each nozzl e, _
di spl| afidRgt ted @ehei MK swhiciGaRadg! ear sever ely cl ogged
nozzl eszle Ackutr at e Irealadeiacabtical i gnment i s requifred
Movi nblogkages. §higise r eqaivawes There |is risk of dangmge to
t he nemizdttegchiefur ate fabrication is required
Si | vefprigepEc waEpiso771 658 A2 and |rel ated pat ent
appl i SAFTHRE | pressure pul se The pressure of| the
i nk i q@?ﬁ’b%fr’bé i ncreased so tlhat ink streans from
No Zzlcll f RLIC LY, es: Illéan fluy be ugcu i %;UIIJ uu\,ti ursIl Torook, EP
clearin th gﬁﬁg&é‘f nqul gelvggyf,l £ eXI % Zf'lde i's VU??Ie 8 A2 and
plate ea oz§lE§r ace. n}ig is! S usualrLlyted patent
fabri gat gdt ,reggga fil exi bl e pol ymE reqfired- rubber Qdpplications
synt hedzile Agbasb@ier. May be eff eqt i vevikdRkeadt her '
met hodsughaadnabzzke ysed Effective fkauirgdl anar priji nt
head| gispldciagéid inkkow| cost  Requi r eg epr igsUs sskpfinp| or
ot hef pressure actuator Expensi Ve daddgstoaifeul of! i nk
Difffcult to use if print head surfeglesis non-pl anar
or very fragile Requires mechaniéal Appaiees Bl ade can
wear | out in high volume print syst&‘?ﬁca“%'d? be used
- p——wthrat-——sertes i rk—et-s M ,I'fﬁ!;\,u‘edcf °y°*re+r"‘°
Ink i nt Ttﬁé)&asgéﬁﬂo&gemk gg? Iegfifeétlvenk nﬁegn t er® Ath May })Je used .
pressu other pre s r series
puse sebal BLEIShery o PRATLERl L, e Ittt noud] he
nor ma tre né‘“ﬁé onydggchani sm dg esmf1 require )
The g&;l@rﬁus yBOt | require individuag,drjve ci rcur ts,
as Npilyd iHedah&dn Can be cleared sijgul fangaushy, @nd no
i mag| wigh dcsatrequi red. Can be effective where other
nozz| eeglzar i ng _nef hods cannot be used Can be
Print hes®p| pAERiRcbAade’ B0 addiEffeatvalor COSt i NDSEUNE toiukd<f | [@t  Many ink jet
wiper conf | ginedatiosns priftalr plemt prorbegonpl| exiidt iead surface is | systems
head surface. The surfaces non-planar or very
blade is usually ¢ Lowcost fragile
fabricated from a ¢ Requires
flexible polymer, e.g. mechanical parts
rubber or synthetic ¢ Blade can wear
elastomer. out in high volume
print systems
Separate A separate heater is ¢ Canbeeffective |e  Fabrication ¢ Can be used with
ink boiling provided at the nozzle where other nozzle complexity many 1J series ink
heater although the normal clearing methods jets
drop e-ection cannot be used
mechanism does not ¢+ Canbe
require it. The heaters implemented at no
do not require additional cost in
individual drive some ink jet
circuits, as many configurations
nozzles can be cleared
simultaneously, and no
imaging is required.




Can be used with many 1S series ink jets

41 NOZZLE

CLEARI NG METHOD Descri ption Advant ages Di sadvant ages
Exanpl es NOZZLE PLATE CONSTRUCTI ON Descri ption

Advant ages Di sadvant ages Exa
A nozzle plate is sep
r of onned ni ckel ,
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el ect

| es
at el

b

El ectro- forne
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and bonded to the print head
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Electl! 17 ISE uv | aset tgf.olnl € pl ch—1s Hewlett Packard
form}%p CdF‘l S Qiﬁl 110%? p0| yin %pﬁ"étux@@zlnxs ul phﬂ@rﬁual Ink jet
nickdlO  Mas %é)m i{.gfo;nge (,an e quite fastpressa@iiRe CONt IOl
over nglazel @mdF%lefed be|i s possible Equigpiamborequilred
rel at | wepdnt h@wergost | Each hol e nust nheleiphdi vi dual |y
formed . OSpeci al equi pnent required Blimdwnmwhere fthere
are many thousands of nozzl es per prtliimeSh@aaﬁainway
produce thin burrs it exit hol es 48CaRdkreBiabbl ej et
1988 Bercel et al SPLE Vol . 908 pEheppahexpansion
Lasepnp| j ¢ Edivigped nozglpy. 7e +g3NumEs WAt d nabéacétmleamst Ugp Canon Bubblejet
ablated oy g B‘é‘if a‘Slaplf“ apyi| c F9efrachj ??ed APEE %?'3 & noziM 1895&5‘:/“‘1’1 o8
g;;lyl | ate pl T’n néd g‘?’é’ﬁﬂ‘gﬁe e cg? al sili cor%xcuner Boars
fld bo %% %ﬁ g P7 f Q\t/er nozégjl%rgﬁf er. eq i ng:ﬁt Girddl ac I;pﬁcatmns pp-
attai rt |on43| ‘W%ﬁs erREAUgls
preci >b<9ﬂul ohegnment ‘lpﬁlgnt may D€ afel 89 ﬁﬂs ¢ 1993 Watanabe
adhes required is relatively of nozzles per print et al.,, USP
low cost head 5,208,604
¢+  May produce thin
burrs at exit holes
Silicon ’ A separate nozzle ¢ High accuracy is [ ] Two part * K. Bean, IEEE
micro- plate is attainable construction Transactions on
machined micromachined from ¢ High cost Electron Devices,
single crystal silicon, ¢  Requires Vol. ED-25, No. 10,
and bonded to the precision alignment 1978, pp 1185-1195
print head wafer. ¢ Nozzlesmaybe |¢ Xerox 1990
clogged by adhesive Hawkins et al., USP
4,899,181
Glass Fine glass capillaries |  No expensive ¢  Very small ¢ 1970 Zoltan USP
capillaries are drawn from glass equipment required nozzle sizes are 3,683,212
tubing. This method 4  Simple to make difficult to form
has been used for single nozzles ¢ Not suited for
making individual mass production
nozzles, but is difficult
to use for bulk
manufacturing of print
heads with thousands
of nozzles.
Monolithic, | The nozzle plateis | ¢  Highaccuracy ¢ Requires ¢  Silverbrook, EP
surface deposited as a layer (<1 pm) sacrificial layer 0771 658 A2 and
micro- using standard VLSI  |¢  Monolithic under the nozzle related patent
machined deposition techniques. | e  Low cost plate to form the applications
using VLSI | Nozzles are etchedin | e  Existing nozzle chamber ¢ 1JO1,1102, 1J04,
litho- the nozzle plate using processes can be ¢  Surface may be 11,1312, 1317,
graphic VLSI lithography and used fragile to the touch 1J18, 1320, 1322,
processes etching. 1324, 1327, 1128,
1J29, 1330, 1J31,
1732, 1133, 134,
1736, 1J37,1J38,
1J39, 1J40, 1741,
1J42, 1J43, 1J44
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DROP EJECTION DIRECTION

Description

Advantages

Disadvantages

Examples

Edge

(‘edge
shooter?)

Ink flow is along the
surface of the chip,
and ink drops are
ejected from the chip
edge.

¢ Simple
construction

No silicon
etching required

Good heat
sinking via substrate

Mechanically
strong

Ease of chip
handing

¢

¢

*

¢

Nozzles limited
to edge

High resolution
is difficult

Fast color
printing requires
one print head per
color

¢

+

¢

¢  Canon Bubblejet
1979 Endo et al GB
patent 2,007,162
Xerox heater-in-
pit 1990 Hawkins et
al USP 4,899,181
Tone-jet

L

¢

Surface

(‘roof
shooter’)

Ink flow is along the
surface of the chip,
and ink drops are
ejected from the chip
surface, normal to the
plane of the chip.

¢ No bulk silicon
etching required
Silicon can make
an effective heat
sink
Mechanical

L

¢

strength

Maximum ink
flow is severely
restricted

¢+

Hewlett-Packard
TIJ 1982 Vaught et
al USP 4,490,728

1J02, J11, 1712,
1720, 1722

¢

¢




Trough Each drop ejector has a trough through which a

pa

ddl e npves,

There is no nozzle

_plate. The

elimnation of nozzle holes and replacenent by a slit
enconpassi ng many actuator pogitions reduces nozzle

cl oggi ng, but increases crosstalk due to ink surface
maves Reduced manufacturing conplexity IMnolithic
AozZ-es5—+e6—bheeore elngg“d Brop—f+-ng—directi-on
DROPEE?Q?§Q¥H§T¥Tve to wckin Difficult to control drop
pOShdsériptiomccur at PIAyvaﬁGg@sst al k | pisailagBes 1335 ExdBH&
Through _Sal &Qﬂ&; is aqlrouwe 4 /&mgmomZﬂ ¢ Ské Iure's glﬁlg €eag QOT Silverbrook, EP
chip, n‘déh}ﬂ ghd @l dfbgzz%é €6  Suitable[FROP EJ E@do&é‘c@lgRECﬂ Obl771 658 A2 and
forward Ebs@&hﬂhb@nwﬁdmantﬁ@aﬁmﬂhsmdvartages Exanpl e§ kg patent
(‘up (' edgeeshaotipr ' ) | | mkdsf | ow is allong the surfaqgeapfictibe
shooter’) Chi P, and i nk dr ops Higheogjeect ed from t he chi peedyes, U17, 118,
Si pl e const ruct i opeckiMgalensity | con et chi ng r equi|r @4 1Z5H45
heat sinking vi a|stigigfeedte Mechani cal |y strcng Ease
of i chi P handi nn NEFH ampwf ed to nrlru:\ L Hi
Through  aig 9‘?‘1’ gﬁquugh He 1t dlie mlifif’ﬁ’st ¢81 oReap ‘??YffFrng ]}'g 3, 1105,
chip, — gng éﬁﬂwb( 6%} ?ganor 979 .ﬁ f
reverse . y a T RAE O H e ar g%lquuéﬁ specmél t i I]16
Cmmn,kbﬂ< gllf g@l 470 %ﬂ&ﬁfgﬂfaceumqg 1723,
Sh""t‘”)shooter ) I nk rom&&gn QARY the surface of theLQhupg
and i nk drops are¢ @ha&gﬁg,fron1the chi p surfdce,
normal to the pl anfamfsctidigcahi p.  No bul k silji con
Through €t Clik D@ # @edupl @€ | ¢ SichitdRmorcan ek eragewigh pret i we Bgad Stylus
actuator Si Ndcrathelietnis cal | Spicze¢igtria prilvax || mbewds mdoiré | ow 1|8 Tektronix hot
se\Vabreghtyd as estafi ct ebbadsHewl et t - Pac keyerel thohgnd 982 Wmligiagoelectric
et| thi sagSpbsra@9, 728 1302, Ul | ,| PBpgtions prgve] 32 Ik jets
the drive transistors. circuits
¢ Cannotbe
manufactured in
standard CMOS
fabs
¢ Complex

assembly required




43 DROP EJECTI ON DI RECTI ON Descri ption Advant ages

D sadvant ages Exanpl es Through chi p,

shooter') Ink flowis though the chip,

forward Cup

are ejected fromthe front surface of the chip.

ink flow Suitable for

pagew dt h

and i nk drops
Hi gh
print heads High

nozzl e packing density th Aef ore | ow manuf act ur | ng

cost Requires bulk silicon etchi ng Si | ver br ook, EP
N771 LLEO A oand ol At ~AA ot Ant ot ORS 1104
INKTYU’ r L UJO0O7 Mo Al'lu reraccyu pou Clll Q'J'JI I \Jul JUITS L LU,
1317, 1318, 1324,1127-1345 Through chip, reverse
(" donnshgeber ' ) | nk Aivaawgéss t hr oyghisaiteacagldi p, aEkainpiés
Aqueoﬁjsl' opSwak &l 6k adn T § Ol iRamERal 9 Wr T gi6® d@ﬁmgt ne |QNI Prost existing ink
dye Hi ah| iypikand Eawins:Sui | ablegif or pageviedt Dodkivdit headSets
Hi gh| waszdye spackitnge desddbry t her gfoOr Bleédova paper | All1J series ink
manuf aofectnt,agl cost | Requi res waf ge t Mayini Nng  Requéty es
specj titcidsandl i ng diri ng manuf act yr etrikdtid@igh 1103 ¢ 1 8isrbrook, EP
1306 MadeOiipk dydsOB8ye 1109, 1110, 1313, Cdckidspafiet15, ﬂl‘@” A2 and
1119| higoger-fye@s, 1125, 1126 Thrdugh act uator ||nkelftpdgpent
is t Eﬁhhfhsmeﬁﬁp actuator  which is lnot fabricated dgplications
Aqueoysar t | Whtertated idirybicks lJbst”?“ﬁ‘f@“a‘ﬁa‘lt}’ he *dr Po¥ dvans| sittor §92, U04, 121,
pigment; + pfypigally ggatajg:ez oe=| | c pr i nt neaS%“OS‘Ffa ewi dt H/26, 1927, 1730
print ij "P‘e ui re* \f’ ous Ang? 'éi‘)f i ong gﬁl‘lverbmk EP
. S 0771 658 A2 and
dri ve 0 1 npotRe s act lﬁ i‘ﬁ st andarrgated patent
CI\/DS F r eCﬁJI r Of st |y
ents have € uc %Eg ac gép b lications
Tekt f:; ctric ats 44 1K 915 B i in
Descrg,lgégl‘ﬁgh &y@ ages Di sadvant ggesc phé&s Aqqapus
dye Madgihrobgsed i nk which typicallly contaihs: wat elhermal ink jets
dye, | sur f act ant, hinmectant, and Qi oci de. Modem|i it significant
dyes| have high vat er - f ast ness, || ght fastness restrictions)
MethylEnvi § MBKesathighlyy f r i €ndVeyy fasdryiogor| ¢ Odorous ¢ All1J series ink
Ethyl volatile solvent used ¢ Printsonvarious |¢ Flammable jets
Ketone for industrial printing substrates such as
(MEK) on difficult surfaces metals and plastics
such as aluminum
cans.
Alcohol Alcohol based inks ¢ Fastdrying ¢ Slight odor +  All1lJ series ink
(ethanol, 2- | ca0 be used where the | ¢ Operates at sub- + Flammable jets
butanol, printer must operate at freezing
and others) temperatures below temperatures
the freezing point of ¢  Reduced paper
water. An example of cockle
this is in-camera ¢ Lowcost
consumer
photographic printing.
Phase The ink is solid at ¢ No drying time- ¢ High viscosity ¢  Tektronix hot
change room temperature, and ink instantly freezes |4  Printed ink melt piezoelectric
(hot melt) is melted in the print on the print medium typically has a ink jets
head before jetting. ¢ Almost any print ‘waxy’ feel + 1989 Nowak
Hot melt inks are medium canbe used | ¢  Printed pages USP 4,820,346
usually wax based, ¢ No paper cockle may ‘block’ ¢ All1J series ink
with a melting point occurs ¢ Ink temperature jets
around 80 °C. After ¢ No wicking may be above the
jetting the ink freezes occurs curie point of
almost instantly upon | ¢  No bleed occurs permanent magnets
contacting the print ¢ Nostrikethrough |4  Ink heaters
medium or a transfer occurs consume power
roller. ¢ Long warm-up
time




Slow drying Corrosive Bleeds on paper *Muy

stri kethrough Cockles paper 4Mbst existing ink jets
All series ink jets Silverbroolc, EP 0771 658 A2 and
rel ated patent applications Agueous, pignment Vater
based i nk which typically contains: water, pignent,
surfactant, hunectant, and biocide. Pignents have an

INKTYE@.dvant age 1 n reduced bl eed, W cKi ng and striKet hr Ou_g—h
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(hot nelt) The ink is solid at roomtenperature, and
is nelted in the print head before jetting. Hot nelt

i nks are usually wax based, with a nmelting point
around 80 C. After jetting the ink freezes al nost
instantly upon contacting the print nmediumor a
transfer roller. No drying tine- ink instantly
freezes on the print medi ungg Al nost any print nedi um
can be used No paper cockle Occurs I No wi cking occurs
4No bl eed occurs No strikethrough Cbcurs High
GLAEMSI ty +Printed ink typically has a 'waxy' feel

Prlnted bl ock’ Ink tenperature nmay be
abové*Pﬂ@ﬁg%iﬁng%ﬁpﬁ¥ of permanent magnets |nk

heat ef SibGRRSHERIARRESlurdHONSf H&%I@s 1%y egécﬂ'ﬁg nﬁ@&b RRichto a
hot nelt piezoelectric in ets 1198

p4in8 2@ d 46 caohl nozrle hewinigesndzale gpettere daBngdNik aIIYﬁiEeJ ection
vantages Di sadvant ages Exanples Ol Ol
speacpthi Shsr o)

enS|ver used in offset printing.

They ar;auﬁh@dafanﬁ@eg@ﬁs b thdRk @RHot firfaa6tRE birtice Fordihtions
paper (especially no w cking or cockle), G squbIe

bgingscon aursqi misplate egel npzade frowcpt leagf ¢jie aéliﬂcelaﬁ nogelg,
t
R Bl R R G SRRl f AP S oG eaB
spadedhibhit harossWht @tk ejeitlon sarfdcemdhi qapicbingrisiak ulbef @aﬁﬁi apart
can be used Can stabilize ment suspensi ons ,
fiang @ sespesive pR7Ae pRerfirg a@%?lfiw%}ﬂexmnmqgéf%ﬁ Pﬁametfé gegl?fl

o V. ne
R 0B S TP SR o BE R rod?
opufithi aligmedlwith the respsctog topzle aBertwve tthyriehy allowing epesiedyink
her tha er 4Cost_ is slightly higher than water
dﬁﬁggﬁt?W%SHﬁﬁﬁhﬂ%ﬁhpgﬁ&Qﬁ?nwﬂﬁggwprat|on required
(around 5% Al 1J series ink jets Al 1J series ink
jets Mcro- emulsion A microenulsion is a stable, self
2f or ni'Thg peimtiesd oficleim ¢j Whersint the surfavd foumatinos eavh. haVhe
cter|§t|c drop size is less than 100 nm and is

h§5¥@ ﬂ@ﬁé B the preferred curvature of the
surfact ant.

3. The printhead of claim 1, which is a pagewidth inkjet printhead.

4. The printhead of claim 1, wherein the printhead has a nozzle density

sufficient to print at up to 1600 dpi.
5. A printer comprising the printhead according to claim 1.

6. A method of printing from the printhead of claim 1, whilst minimizing cross-
contamination of ink between adjacent nozzles, the method comprising the steps of:
(a) providing a printhead according to claim 1; and

(b) printing onto a print medium using said printhead.



46 CLAIMS 1. A printhead conpri sing: a
substrate including a plurality of nozzles for

ejecting ink droplets onto a print medium each nozzle
havi ng a nozzle aperture defined in an ink ejection
surface of the substrate; and a plurality of
formations on the ink ejection surface, the surface
formati ons being configured4tyo isol ate each nozzle
fromat |east one adjacent nozzle, wherein the surface
formations are configured in a plurality of individua
Tc aps 4 patted dfehricatiog egrintleai nkeoedieg td dains Uihfeog jsolated

rising a.,roof S aced apart froma
@ﬁ%ﬁﬁ?@%gﬁgfgmgnﬁg%ﬂrﬁ$ d si dewal | s ext endi ng
f r oma) Rekidiet £fubkedb Al bsthR maaamg Q fpﬁﬁélﬂbf%f%@@iles for
with the ink ejectlon surface, the roof having a roof

eiRsERE Mk @pplgﬁ»emxtw phntmedipes B%thfio\léle heving e napee aparare

<§ﬁ§%§¢%ﬁ§b§ egﬁ oq%ﬁégg }%gﬁ eDletSZtoTﬁZSZrlnthead

of cl(®) depositinfanBjieh of plotstesisbseer tiarinBtjcotish «afilbe;have a
hydrophoblc surface. = 3. The printhead of cIa|n11

whi cHc) defmingrgesrsestin therjaserepst, gachaegsss reyealiyge portion of the
ead has a

lﬁgézﬁe deﬁ%%%§h§LB?$§fM%§&£hOGB&&1 gb%&% to 1600 dpi.

5. Ay demoeutmg ampofirsatagaltdver theiphbloes ikt ambmtcdthegectesses

claiml. hod .of printing fromthe printhe

of cl(&l %Fffng PR kP 2 Wefige & BYuidihparlheAn iy cach

e P A S or e AR AP Rl Ml

esteadimgifrona the r@@ij tophep miki epeptiontsorfacepandnt  medi um usi ng

sai d rlntheag? A%nethod of fabricating the

prlnﬁ CET %ﬁhigﬂfﬁ |l ai m 1 having i sol at ed

nozzl es, the nmethod conprising the steps of:

(a) providing a substrate, the substrate including a

plurality of nozzles for ejecting ink droplets onto a

print nmedium each nozzle having a nozzle aperture

defined in an ink ejection surface of the substrate;

(b) depositing a | ayer of photoresist over the ink

ej ection surface; (c) defining recesses in the

phot oresi st, each recess revealing a portion of the

i nk ejection surface surrounding a respective nozzle

aperture; (d) depositing a roof naterial over

the photoresist and into the recesses; (e)

etching the roof material to define an individua

nozzl e cap around each nozzl e aperture, each nozzle

cap having an opening defined in a roof and sidewalls

extending fromthe roof to the ink ejection surface;

and (i) renoving the photoresist.



