200207108 AIR MANAGEMENT IN A FLUID EJECTION DEVICE
BACKGROUND [0001]Air in the form of bubbles can be present in various
flutfBfEétion devices, such as print heads. In some fluid ejection devices
bubbles can reduce and/or occlude fluid flow and cause the device to
malfunction. Management of the air bubbles can enhance the
performance and reliability of the fluid ejection device BRIEF

DESCRIPTIONRFARRA BRMPINES LQ@Q@J@%?E@‘P{@%P?@W@? are

used throughout the drawings to reference like features and components
wherever possible. Alphabetic suffixes are utilized where appropriate to
distinguish different embodiments. The diagrammatic representations
illustrated herein are for illustratigye pupR&gERIY May not be to scale.
[0003]Fig. I illustrates a front elevational view of an exemplary printer in

acegodgnce with gra enmbeeieNbubbles can be present in various fluid ejection
devices, such as print heads. In some fluid ejection devices bubbles can reduce
and/or occlude fluid flow and cause the device to malfunction. Management of

the air bubbles can enhance the performance and reliability of the fluid ejection

device

BRIEF DESCRIPTION OF THE DRAWINGS
[0002] The same components are used throughout the drawings to reference
like features and components wherever possible. Alphabetic suffixes are utilized
where appropriate to distinguish different embodiments. The diagrammatic
representations illustrated herein are for illustrative purposes and may not be to

scale.

[0003] Fig. 1 illustrates a front elevational view of an exemplary printer in
accordance with one embodiment.
[0004] Fig. 2 illustrates a perspective view of an exemplary print cartridge

in accordance with one embodiment.

[0005] Fig. 3 illustrates a cross-sectional view of a portion of an exemplary

print head as shown in Fig. 2 in accordance with one embodiment.



[0004]Fig. 2 illustrates a perspective view of an exemplary print cartridge
in accordance with one embodiment. [0005]Fig. 3 illustrates a

créé&¥% & ional view of a portion of an exemplary print head as shown in
Fig. 2 in accordance with one embodiment. 200207108 10006]Figs. 4a,

4c[obochy, 4i, 4kpdmaane 4e,i %?Hﬁtﬂlémﬁﬂ@ﬁﬁ% qqﬁﬁ%ﬁa@@ﬁi%@éﬁé@&\’cross-
of a portion of the exemplary fluid ejection device shown in Fig. 3 in

acsevdande withoonepertibadmast{ORpTF ity 4didH déticdisHdwAnd Fig. 3
4n illustrate top views of a portion of the fluid ejection device shown in Fig.

dairda;obed Age 4vi thkoranehdbndiraspectively in accordance with one
embodiment.
[0007] Figs. 4b, 4d, 4f, 4h, 4j, 41, and 4n illustrate top views of a portion of
the fluid ejection device shown in Fig. 4a, 4c, de, 4g, 4i, 4k, and 4m, respectively
in accordance with one embodiment.
[0008] Fig. 5a illustrates a cut-away perspective view of a portion of
another exemplary fluid ejection device in accordance with one embodiment.
[0009] Fig. 5b illustrates a cross-sectional view of a portion of the

exemplary fluid ejection device illustrated in Fig. 5a in accordance with one

embodiment.

[00010] Fig. Sc illustrates a top‘ view of a portion of the exemplary fluid
gjection device illustrated in Fig. 5a in accordance with one embodiment.

[00011] Fig. 5d illustrates a cut-away perspective view of a portion of
another exemplary fluid ejection device in accordance with another embodiment.
[00012] Fig. Se illustrates a cross-sectional view of a portion of the
exemplary fluid ejection device illustrated in Fig. 5d in accordance with another
embodiment.

[00013] Fig. 5f illustrates a top view of a portion of the exemplary fluid
ejection device illustrated in Fig. 5d in accordance with another embodiment.
[00014] Fig. 5g illustrates a cut-away perspective view of a portion of

another exemplary fluid ejection device in accordance with an additional

embodiment.



(O0081Fig. 5a illustrates a cut-away perspective view of a portion of
another exemplary fluid ejection device in accordance with one
enB%diiént. 100091Fig. 5b illustrates a cross-sectional view of a portion
of the exemplary fluid ejection device illustrated in Fig. 5a in accordance

witfygis embogipent, 100RENEI0a Seustiies g AR W O 2 PATAN QF the

the exemplary fluid ejection device illustrated in Fig. 5a in accordance with

onex%mp&aipmﬁm [0REAdIFigBekillysliptesiaigUiRVaY: PRISRRGHYEY] h‘%ﬁ’ﬁ an
an

a portion of another exemplary fluid ejection device in accordance wit
angiaes smbeghr@ntef90012]Fig. Se illustrates a cross-sectional view of a
portion of the exemplary fluid ejection device illustrated in Fig. 5d in

acgguoipg)ce withianagtheruembedimet JROP b3 kigoRf dhustratesea 4o Mi§Wruid

of a portion of the exemplary fluid
gjection device illustrated in Fig. S5g in accordance with an additional

embodiment.

[00017] Fig. 6 illustrates an enlarged cross-sectional view of a portion of
another exemplary fluid ejection device in accordance with one embodiment.
[00018] Fig. 6a illustrates a top view of a portion of the embodiment of the
exemplary fluid ejection device shown in Fig. 6.

[00019] Fig. 6b illustrates a top view of an alternative configuration of a
portion of the embodiment of the exemplary fluid ejection device shown in Fig. 6.
[00020] Fig. 7 illustrates a top view of a portion of another exemplary fluid
gjection device in accordance with one embodiment.

[00021] Fig. 7a illustrates an enlarged top view of a portion of the
embodiment of the exemplary fluid ejection device shown in Fig. 7 in accordance
with one embodiment.

[00022] Fig. 8 illustrates a top view of a portion of another exemplary fluid

ejection device in accordance with one embodiment.

DETAILED DESCRIPTION
[00023] The embodiments described below pertain to methods and systems

related to fluid ejection devices such as print heads. As such, the term “ink” will



ejection device illustrated in Fig. 5d in accordance with another

en}l&% 1 gnt. [00014]Fig. 5q illustrates a cut-away perspective vievy of a
portionl{% another ex..mplary fluid ejection device in accordance with an
additional embodiment. 200207108 [00015]Fig. 5h illustrates a

crasswedtionahyiéylofmpodissriptithe exersplaryrfiiic electian;deyige suitable
illustrated in Fig. 5g in accordance with an additional embodiment.
[Ocoia]jempebisillustrates a top view of a portion of the exemplary fluid

ejection device illustrated in Fig. 5g in accordance with an additional
enibetfitient. 18001l FibeBdtigatrattsiantenfarged Chosbisegtionaleiowefl in
a portion of another exemplary fluid ejection device in accordance with

onthemisogimenp {01 8iFigp Gatitinstfasesmtiog \dewoef amertgmaiithBubbles

embodiment of the
may be formed as a byproduct of the ejection process in the printing device's print
cartridge when ink is ejected from one or more chambers.
[00025] If bubbles accumulate within the fluid ejection device, e.g. print
head, the bubbles may occlude ink flow to some or all of the chambers and may
cause the fluid ejection device to malfunction. Some embodiments provide
structures and methods that may purge air and/or bubbles from the fluid ejection
device to decrease the likelihood of such a malfunction as will become apparent
below.
[00026] Fig. 1 shows an exemplary printing device in accordance with one
embodiment. In this embodiment the printing device comprises a printer 100,
The printer shown here is embodied in the form of an inkjet printer. The printer
100 may be capable of printing in black-and-white and/or color. The term
"printing device" refers to any type of printing device and/or image forming
device that employs a fluid ejection device(s) such as in a print cartridge to
achieve at least a portion of its functionality. Examples of such printing devices
may include, but are not limited to, printers, facsimile machines, photocopiers,
and the like. Examples of other fluid ejection devices may include various
devices such as Lab-On-A-Chip used in various medical and laboratory setting

among others.



exemplary fluid ejection device shown in Fig. 6. [00019]Fig. 6b illustrates a

i nfiguration of a portion of the embodiment of
togo\{)lze(% o%f an alternative config p

the exemplary fluid ejection device shown in Fig. 6. [OOOZQ] Eig. 7
illustrates a top view of a portion of another exemplary fluid ejection

defdoe2ir] accorsanceshith vne embtimeHnl0RRZIdEn 7A fisHales Afked in
enlarged top view of a portion of the embodiment of the exemplary fluid
ejectianxeleplesy shawtinig Higrideinsaceordapaatyith ane eprpedimanee 202 is
[00022]Fig. 8 illustrates a top view of a portion of another exemplary fluid

ejestioprievictdmpantheddritd with oo teidobbae a6 configured to couple with
DETAILED DESCRIPTION [00023]The embodiments described below

pettaiptointethbd€ anddpestents pokated tostipidyejaktioneiaiicesdsooh agd may

print heads. As such, the term "ink" will
contain an internal ink supply and/or be connected to an external ink supply. Ink
received by print head 204 may be ejected in the form of droplets from an
outwardly facing surface 208.
[00028] While a single print head 204 is shown on print cartridge 202, other
print cartridges may have multiple print heads on a single print cartridge. Some
suitable print cartridges may be disposable, while others may have a useful
lifespan equal to or exceeding that of the printing device. Other exemplary
configurations will be recognized by those of skill in the art.
[00029] Fig. 3 shows a cross-sectional representation of print head 204 as
shown in Fig. 2. This cross-sectional view is taken along the y-axis of print head
204. A slot or slots 304 passes through a substrate 306 from a first substrate
surface 310 to a generally opposite second substrate surface 312. Slot 304 may
have any suitable dimensions. For example, the slot may have any suitable length
as measured parallel to the x-axis, with some embodiments having slots in the
range of 20,000 microns. Similarly, any suitable slot width taken parallel to the y-
axis may be utilized, with many embodiments utilizing slot widths in the 100-200
micron range. Both narrower and wider widths are also suitable.

[00030] In this particular embodiment, substrate 306 comprises silicon

which either may be doped or undoped. Other substrate materials may include,



200207108 be used in the following description, but other fluids are

utilized in suitable embodiments. [00024]Among other origins air in the

form of blibbles may be formed in the ink as a byproduct of operation of a
printing device. For example bubbles may be formed as a byproduct of the
ejestiorPratesnitdne paingdavisd spuatiRaritaepirn inliin eissiesthide,
from one or more chambers. [00025]If bubbles accumulate within the fluid

ejegthien) gleviecc @ fniprottdieadntiiefaubbles may occlude ink flow to some
or all of the chambers and may cause the fluid ejection device to

matfussaon. SGuesembatliotepis pravigersivuciuresiangdinairedsithal that are
may purge air and/or bubbles from the fluid ejection device to decrease

theyhikelfrcod dbsuah amealfudctipplasiiwill. bedameappaiabbielews substrate
[00026]Fig. 1 shows an exemplary printing device in accordance with one
entholirases. imihysrambddimdasdibarindihgievicetcampeisesna2000t@ticrons.
100. The printer shown here is embodied in the form of an inkjet printer.
Themprintentlmeayhelvapabieaf priliting inbackeatdiwiitepansilonately 675
color. The term "printing device" refers to any type of printing device
andioranseieckothninghdé\ivectivatre rmptal/pow dhdichejettionaevicefs)siuehfuture
as in a print cartridge to achieve at least a portion of its functionality.
Exetipiésrshsucheprietingaeyiossisraypihsiudss, baviage nobidmited tof 100-300
printers, facsimile machines, photocopiers, and the like. Examples of other
fluieiefestion lgesvices may include various devices such as Lab-On-A-Chip

used in various medical and laboratory setting among others.
[00032] Though a single substrate is discussed herein, other suitable

embodiments may comprise a substrate that has multiple components during
assembly and/or in the finished product. For example, one such embodiment may
employ a substrate having a first component and a second sacrificial component
which is discarded at some point during processing.

[00033] One or more thin-film layers 314 may be positioned over first
surface 310. Thin-film layers 314 may form various electrical components, such
as heating element 316 and/or piezoelectric crystals, transistors and electrical
traces which are not specifically shown. Individual heating elements 316 are
electrically connected to individual electrical traces. Electrical energy may be
selectively supplied to the heating elements to cause ink to be ejected from print
head 204.  Embodiments utilizing other electrical components such as

piezoelectric crystals or other ejection means may be energized similarly to eject

k.



200207108 1000271Fig. 2 shows an exemplary print cartridge 202 that
may be used in an exemplary printing device such as printer 100. Print
car r(l)(?iodé()%OZ is comprised of a print head 204 and a cartridge body 206
configured to couple with the print head. Cartridge body 206 may supply

inkdogadnt heathZdanshmasiteniaishaninieiRal ik pY Sadiohfepertures
connected to an external ink supply. Ink received by print head 204 may

be3jeqtechia therfoim ehatepleie:fr amautwandly taengeuriaseed8sitioned
1000281While a single print head 204 is shown on print cartridge 202,

othef qarént dertitigemyeayavelnkitipie o ieads 0B SRgleRMRErtures 320
cartridge. Some suitable print cartridges may be disposable, while others

may have@dipefshlitespan(bonsahtewngxgesinglthtanafytiee psippigd from an
device. Other exemplary configurations will be recognized by those of skill

in théiarduf0PA2BALEvpyBeRaws eharabsrR®ional representation of print

head 204 as shown in Fig. 2. This cross-sectional view is taken along the
y-dRi085]print hRad 2204 apsSIab amsl afsaBipakemilyroughe insdhstiaget in part
306 from a first substrate surface 310 to a generally opposite second
substizgisulface 322. Sibt B804 hraygjheied aclgsiitiplEadimechionsera28 via a
example, the slot may have any suitable length as measured parallel to
thersspsds yalithpsetiienedbodinehtd Havinglsiotoiifitiee lrgrg S 24 20000 les 330
microns. Similarly, any suitable slot width taken parallel to the y-axis may

be tainpeide wifirshanyzénispdiméraecatiizihfsiot witithls itypeeal00igdefined by
micron range. Both narrower and wider widths are also suitable.
[00w30A ks padfticukenentvabhdisranisubbirdtes 306 edimperisdkesilicond nozzle
which either may be doped or undoped. Other substrate materials may
inclbipie comprises an air purge opening 332 configured to evacuate bubbles from the

print head as will be discussed in more detail below.

[00036] In one embodiment filter 318 comprises a generally planer photo-
imagable polymer filter layer positioned over the substrate’s first surface 310. In
this particular embodiment the photo-imagable filter layer is spun-on over the
thin-film layers 314 prior to completion of slot 304. The photo-imagable filter
layer is patterned and etched to form apertures 320. Further, in this embodiment,
barrier layer 322 is positioned over filter 318 before etching. The skilled artisan
will recognize other suitable configurations. For example, other filters may
comprise different materials and/or may utilize other aperture shapes and/or sizes.
In one such example a stainless steel filter may be utilized.

[00037] Individual heating elements 316 may be positioned within or

proximate to an individual chamber 328. In some embodiments chamber(s) 328



200207108 but are not limited to, gallium arsenide, gallium phosphide,
indium phosphide, glass, quartz, ceramic or other material.

[Oé%ﬁ fibstrate thickness t may have any suitable dimensions that are
appropriate for an intended application. In some embodiments substrate

thiglpessasiinay.range Hamriess Handte Qigensde Merethari2f0 Other

microns. One exemplary embodiment may utilize a substrate that is

apgieR imaliein S Hremigtsensdkithe thoughnfsthenmaaant e pdstap@tdy 326 and

miniaturization continues, future embodiments may commonly utilize

sublsirates Szying pdhickpessothone3008HamNs Akless. [00832ANeUAY the
a single substrate is discussed herein, other suitable embodiments may

coskiifise attunstiate thatuhaseyltipleleipRABERISAUIIThARSEMPY 322 may
and/or in the finished product. For example, one such embodiment may

emplayréssubstiateotiavingi@distl agrapemneblaimndiarkecanl saeHHIR)-imagable
component which is discarded at some point during processing.

[0@0331Ena1bstraterehdvesidmddie radddamaybiespasitiemed over first
surface 310. Thin-film layers 314 may foini various electrical components,
sufibéssheatingretermenttdtitnasnd/ori fitez blect el erysipdisetr ansisieissaberate.

electrical traces which are not specifically shown. Individual heating
eldmemy¢had natredeteciticallycedaymcied o thelsddueahatedtical thadesrier layer.
Electrical energy may be selectively supplied to the heating elements to
caiibe inktoubel@jecten fyoive pfimtriedadi @4 tEdnbodinmgntscutitizing dthpen the
electrical components such as piezoelectric crystals or other ejection
meueeeiag lozeenegizewsiigileatiptogejentlinke 120020674 P8ssible configuration.
For example, in an alternative embodiment, orifice layer 324 and barrier layer 322
comprise a single layer of material.
[00039] Figs. 4a-4o illustrate a portion of print head 204 as indicated in Fig.
3. Figs. 4a, 4c, 4e, 4g, 41, 4k, 4m and 4o illustrate cut-away cross-sectional views
taken transverse to slot 304 along the x-axis. Figs. 4b, 4d, 4f, 4h, 4j, 41 and 4n
illustrate top views of a portion of print head 204 taken along a xy-plane.
[00040] Figs. 4a-4b illustrate a portion of a fluid path f extending from slot
304 and out through nozzle 330. Passageway 326 defines a portion of fluid path f
and 1s fluidly coupled to adjoining structures including chamber 328 and slot 304
through apertures 320 and passageway-to-chamber opening 400.
[00041] Apertures 320 are configured to allow ink into passageway 326

from slot 304. In this embodiment two apertures 320 supply passageway 326.

Other embodiments may utilize more or less apertures to supply a passageway.



1000341In some embodiments one or more of a filter 318 that has
apertures 320 formed therein, a barrier layer 322 and an orifice layer 324
mé?ff%lﬁ%sitioned adjacent thin-film layers 314 Ink may pass from slot
304 through apertures 320 to ink-feed passageways ("passageways") 326

Inla may e sypelied dreenan indidd Lgﬁbegsm%%ﬁw&% 1@ SHAPREN utilized,
328. [000351Passageways 326 and chambers 328 may be definéd at

leashifiiarblowhaikiQrIBye iR 48l Beabe ejected selectively from a
chamber 328 via a respectively positioned nozzle 330 formed in orifice

layes@24. NozzeshB30eemapnse ainst 0RAzipdvbees s50CRRGAIRIB  circular
nozzle type also is defined by orifice layer 324 in some embodiments. In

thiglesnbocliregniaifie seean dlidZzAHYPAGRIMPHS S QM AIE RUEEHOREMNGxhich
332 configured to evacuate bubbles from the print head as will be

dissuasedribodatenieiaibheiovmnRE93e3dut dencirhiedinegntritesrdb3onally to
comprises a generally planer photo- imagable polymer filter layer

poSitidnedioyer Hrecsubspataigsfisat surfageedlbed B fuissparieW@Ecribed with a
embodiment the photo-imagable filter layer is spun-on over the thin-film
layerg]81dimprositn compistion of siah3dd: THephote-ispagiakie filtercauerwhen
is patterned and etched to form apertures 320. Further, in this

enviodd ént)dvarse fluay @rd2R i©fesitonédwvebfitteriB 1 hrferbhetching. two
The skilled artisan will recognize other suitable configurations. For
exdmplsiotheufiltess mayidtbnaprise Hiffghentrmateidéis addéotemay Whilizetaken
other aperture shapes and/or sizes. In one such example a stainless steel
filterthegyid wilizecsp0008 Pomidivididitidaiaty ¢leaseints BiGuptayheeopening.
positioned within or proximate to an individual chamber 328. In some
embsdieaestis vchizeniber (ef B28ld02071e8 be considered to comprise a bore axis

of the opening.

[00043] In the embodiment of FIGS. 4a and 4b passageway 326 and
chamber 328 are defined by barrier layer 322. Nozzle 330 and air purge opening
332 are defined in orifice layer 324. In this particular embodiment passageway
326 may have a generally constant height d, of about 20 microns. Examples of
other configurations are described below in relation to Fig. 6.

[00044] Passageway-to-chamber opening 400 has, in one embodiment, a
first width d5 of about 10 microns and a height d, of 20 microns. Passageway 326
tapers outward from the passageway-to-chamber opening 400 to a second width

dy which in one embodiment of about 20 microns proximate air purge opening

332.



may be defined, at least in part, by barrier layer 322 and orifice layer 324.
@) e Or81figurations are also possible. In this embodiment passageway
326 and chamber 328 are patterned into barrier layer 322. As will be
recognized by the skilled artisan, this is but one suitable configuration.

Bdpde43pyer 32omay 33npsiseliamang Qtherinaigdalseanatisraabebout 15
material such as a photo-imagable polymer substrate, however, other

mateniahmayerdtilizeds (60038 Mone paabgdimentorifice JayBle329 cxtends
comprises a nickel substrate. In another embodiment orifice layer 324 is

thelsagnetmatexial msathEhaatigrstayiamdibe dakiotishlay ere BayJeeHe MR hbout
deposited, or may be attached upon the preceding layers. The

colffigurationrgevenrbéreaisautotie possibléscodfigasation: RoberaMRlRci401
an alternative embodiment, orifice layer 324 and barrier layer 322
corhprigealgirgld2dy dn shimenariali{GH0 28] Pigge 4petony BSPalB @ RRMteBcond
of print head 204 as indicated in Fig. 3. Figs. 4a, 4c, 4e, 49, 4i, 4k, 4m and
Addirsstrdienutitawiayvonogs sectionanbiedvstakeis hosverserdisiat 30dasured
along the x-axis. Figs. 4b, 4d, 41, 4h, 4j, 41 and 4n illustrate top views of a
partirnatiprim deadagstkehoalbng layey-pane. [00040]Figs. 4a-46

illustrate a portion of a fluid path f extending from slot 304 and out through
nd294@30. Pa¥dtrewafaes bedinesnqidriion ¢4 fiuitl 4atpéranddSH0jdiyzzle
coupled to adjoining structures including chamber 328 and slot 304

th @g AOSpaiF TS S XD GHES 383 arjevaspatr it natnbietedpaningmDBircular, other
[00041]Apertures 320 are configured to allow ink into passageway 326
fromitakie sobaditresie M diflisst atheragremeteis 3hapssspi passagewayr and

326. Other embodiments may utilize more or less apertures to supply a
padiBeatalapes among others.

[00047] During operation, ink, not specifically shown, may flow along fluid
path f'until it is ejected through nozzle 330. For example ink flows from slot 304
into passageway 326 through apertures 320. Ink then is supplied from
passageway 326 to chamber 328 through the passageway-to-chamber openings
400. The ink forms a meniscus 403a, 403b over nozzle 330 and air purge opening
332, respectively, commensurate with a typical slightly negative gage pressure
within slot 304.

[00048] As depicted in Figs. 4c-4f, ink may be ejected selectively from
chamber 328 by energizing a respective heating element 316 sufficiently to heat
and to vaporize some of the ink adjacent to the heating element and contained in
the chamber. Vaporization of ink contained in chamber 328 may increase

pressure within the chamber. When the pressure within the chamber becomes

10



200207108 Alternatively or additionally, other supply configurations also
may 5)@7 ldgilized, examples of which will be discussed belc_)w. 1000421In
this %&Eodiment individual apertures 320 are generally circular when .
viewed transverse to fluid path f Apertures 320 have a diameter ail, which

in orfé@enbadimenbisapnRreximaiabhaiauind Mstane MeASWEHuid interface a
orthogonally to fluid path f Herein, openings such as apertures 320 will be

dederpbechvitic 3 Ginglejdimartion CRLRG 3 AaMEeIeRiB cd in Fig
opening is circular when viewed transverse fluid ‘path f Other .
cotfigheditionsgd]biiodestrinetsitaribor SiPBRAsiansSUSh 8533 Width,ARd

a height or a width and a length each taken orthogonal to a respective

paiftff fluid pathetpagsing through theoperiog ThedesaBSIYRPHHOhave
of the fluid path may be considered to comprise a bore axis of the

opEhiqUeQusldesthd embodipientoftikd GSnpaane: 47 PRSSAREWRYa3EE the
and chamber 328 are defined by ban-ier layer 322. Nozzle 330 and air

pUigjetopbenimgase iaré‘idQihédcmasdﬁcé&kaa/efsﬁﬁéghﬁd@ﬁ}ﬁ@ﬁtiﬁé!ﬁf solution in
embodiment passageway 326 may have a generally constant_helght di of
aﬁbﬁﬂlﬂgfﬁﬁwm%gﬁkambfesmbobhmc@mgémm&aamdeﬁsﬂb%dcb@é@wiated
in relation to Fig. 6. [00044]Passageway-to-chamber opening 400 has, in
oS EARSTAIMEH,; adisendsiteds bitaboutdtmpieronh@ndabbiighta; 6620 in
microns. Passageway 326 tapers outward from .the‘ _ o
paBSaEN Apas-cREberbiseRing U 00 thea seroimdiivittrdoadich inoteamber,
embodiment of about 20 microns proximate air purge opening 332.
“gulping” air into nozzle during a refill process after an ink drop is ejected, and
bubbles carried along with the ink from the ink supply, among other sources.
[00050] As shown in Figs. 4c-4d, bubbles 406a, 406b have diameters dg, dy
which in one embodiment are 5 microns and 8 microns respectively. The smallest
dimensional constraint proximate the bubbles is passageway width d;, which in
one embodiment is 10 microns. Bubbles are able to assume a low energy
configuration generally approximating a sphere, based upon the cross-sectional
area of passageway 326.
[00051] As depicted in Figs. 4e-4f, the previously illustrated bubbles (406a,
406b) have grown and/or have coalesced along with other bubbles into a single
larger bubble 406c. Bubble 406¢ has a diameter dy of approximately 10 microns

which is similar to the passageway's width d proximate the bubble. If the bubble

continues to grow, width d; begins to constrain the bubble from expanding in the

11



200207108 100045]Nozzle 330 has a diameter d5, which in one
embodiment is about 15 microns measured transverse the fluid path f Air
pLﬁ%’éoa'ﬁéning 332 extends along a bore axis b1 and has a first diameter
d6, which in one embodiment is about 13 microns measured transverse

the heie axisAsdENINAR AhOVIBLRIIAER GO afnrfics aYsr B%nkon and
this embodiment air purge opening 332 also has a second larger diameter

d7thetiichel B neremhndinenti8 RamHr2aIgieieNs measured proximate
inner surface 402 of orifice layer 324. 1000461 While in the embodiment of

Figeookajand 4iDafetilingsbaBlenoaadecddandaik Rig geroPeMnehdd 213 the
generally depicted as being circular, other suitable embodiments may

utitizbbdthslb ge pasticHha 2 suchyas sactengularmand eliplisabshapamg 400
among others. [00047]During operation, ink, not specifically shown, may

flomalaoy ftdidipathfuntirids gjecied trough nazzigedds: Povexdinpleis less
ink flows from slot 304 into passageway 326 through apertures 320. Ink
thenristsupplidd frem-dassagewayd3d 6 tos chamiiss1 328 dtiitwgh there spherical
passageway-to-chamber openings 400. The ink forms a meniscus 403a,
408mbyerationz|dB80eant aif thurdevape ivnge3B2y respeativelyigs. 4g-4h where
commensurate with a typical slightly negative gage pressure within slot
304ubBOYBIAkad epivted| dloFdgmisdazdiyan B Moay werdjtcted kelectirele fopaming
chamber 328 by energizing a respective heating element 316 sufficiently
to prehpbit wrseygorzy scvnel i thaeih knddiec ety-th e idatitg elemediameter
and contained in the chamber. Vaporization of ink contained in chamber
326 méyehneite 48 enprresere biithiis thadannb e \Whengbeqytessidth withitmate
the chamber becomes

bubble 406¢.

[00053] As bubble 406¢ continues to expand, x-dimensional constraints
continue to provide a driving force for the bubble. As may be seen in Figs. 4i-4j
in this instance the driving force is sufficient to continue moving bubble 406¢
along the passageway's taper toward air purge opening 332 where the bubble now
has a diameter dy of about 20 microns and is located at the least constraining
portion of passageway 326. In this location bubble 406¢ has the largest spherical
shape it may, given the x, z constraints of passageway 326. Further bubble growth
now 1s governed by the energy balance between the radius of curvature
experienced in the three (x, y, and z) dimensions. In this embodiment the most
notable bubble growth is towards the chamber (in y-axis) towards the air purge

opening (z-axis), with the bubble seeking equilibrium in these two primary

directions of growth.

12



200207108 sufficient to overcome the surface tension and pressure at the
air fluid interface a droplet of ink 404 is ejected from the chamber's nozzle
3389%8¥¢Ifdstrated in Fig. 4e. Following ejection ink enters chamber 328

and meniscus 403a is reformed. 1000491Energizing ink to cause ejection

Frasgoag chamberalsemayhave égh@lg—gf?ﬂﬁ%i@ NGRE 10 rc_gfl(@megf(toag‘xpand

the temperature of the ink increases, the solubility of gases in the in

desieasescAP1R BRUindaRRURIGH AR SPIHIQRJIOGRE 15K MRy AHE92%he 5
and form bubbles 406a, 406b in chamber 328 and associated

PasRRgRNYRL S0 i-SRSRINGI S RURNER1RIRIG LI NGW,RUbbles may
occur in the print head. Other sources may be the vaporization process in

thepabsknber, "gulgingiAiripiosmeael e diina Gotefilhprsss afie v Blong the

drop is ejected, and bubbles carried along with the ink from the ink supply,

anadighensivh suscesw AR0RAAR BB B Ftidsp AG:AdWRYIIE S AP6R reaches

406b have diameters ¢/8, d9 which in one embodiment are 5 microns and

8 mipsaniswasRe iy essihiesy aleshiinapsiopshaansiaitRraxinae héing

bubbles is passageway width c¢/3, which in one embodiment is 10 microns.

Bubhlésh kraahle towssumen tow ersygyieenfigyrstienasoesahys toward the
approximating a sphere, based upon the cross-sectional area of

pasisagewd? $26:i10abalAssiepicied tbiig3hdpAtathavBIeyIBUsuld require
illustrated bubbles (406a, 406b) have grown and/or have coalesced along

witheothbbubblesiintoachishglectrigersuiblied0gsaiibbiatd e fidsLopening
diameter d9 of approximately 10 microns which is similar to the

pad3agewayswidihg 1Bepnatinmtentienathbiecit ihe hubblacominuwes tie. In

grow, width 6/3 begins to constrain the bubble from expanding in the

20020Ba0B8ular embodiment such a point may occur where the passageway's width
is less than or equal to the air purge opening's diameter ds. In some embodiments
this may occur where the passageway's width is somewhat less than the width d,
of the air purge opening, thus allowing the energy state to become high enough to
distend the bubble into the air purge opening and to overcome the meniscus. As
the volume of bubble 406c continues to increase, the bubble achieves a
sufficiently high energy state to overcome the surface tension of meniscus 403b.
When the energy state of the bubble becomes great enough to overcome the
surface tension of the meniscus, the meniscus will ‘break’ allowing the gas
comprising the bubble to evacuate or to be expelled from the print head through
the air purge opening 332.
[00056] Fig. 40 shows print head 204 after the bubble has evacuated from air

purge opening 332 and meniscus 403b has reformed. Expulsion of the bubble
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x and z dimension and causes the bubble to instead expand in the |’
dimension and therefore deform from a generally spherical shape.
1(}8?)?8%]%eforming bubble 406¢ causes a driving force that may move the
bubble along passageway 326 away from passageway-to-chamber
opemynige 46 ixatt doyvatisk thepeliapupgesape nintheRERi Rassagemap 326 some
which is less constraining in the x-dimension and allows the bubble to
achiseel oy displgeieaimosiguwations omy Deehesuilidfl the drivirgeness to
may be seen in Figs. 4g-4h where bubble 406¢c has moved along
passaigeways3f towss dthenyidehaingge oRepifgangtepiliging the bubble.
passageway. As illustrated in Figs. 4g-4h, bubble 406c has a diameter d9
ofboist 16 40ktronfwikchnieesiinilgada thepassagentaybs lwidthprexdniaie the
bubble 406¢. 1000531As bubble 406c continues to expand, x-dimensional
cansttdingd. ctireduliieoin pbubidle safainivj tige foroee o mihg intitpleatéd may be
seen in Figs. 4i-4j in this instance the driving force is sufficient to continue
m&ABF bubbleln0bs aimbhgdheepts sagenmayisaaper owandiair pfiegbubble in a
opening 332 where the bubble now has a diameter d9 of about 20 microns
arftbsg ddcdivad trthe idast comstraining portiopastpassagensy BRGclidhid by
location bubble 406¢ has the largest spherical shape it may, given the x, z
cansiralifite ot savBagewal BPBnRbetverdsubbicgrowtr ndreis goemredages a
by the energy balance between the radius of curvature experienced in the
thie®lle {0 aye)aafensionpandtifierarabbeimernsieimust egtablef the space
bubble growth is towards the chamber (in y-axis) towards the air purge
opBHIng (JesiiSprnitpiBiREb et seekindgheyumiiicitain ¢chdselimenprifmarynore
directions of growth. 200207108 [00054]As may be seen in Figs. 4k-4l,
bUSHIETA0BRSHES CBnE RIS B ads hat dhanebis forddbieblpshedistrensignaggion is
constraints of passageway 326 to expand in the y and z-dimensions and
aPERRERRS Cadbtinara PSS PRSIERE shaplis 1 60hSSjmeleaisin Bidestantedgive
bubble 406c may continue to grow along the

dimensions of openings leading into and out of the passageway to foster bubbles

to pass through a desired opening and/or not through other openings. Air purge
opening 332 has relatively larger dimensions when compared to apertures 320 and
the passageway-to-chamber opening 400 so that a bubble experiences a larger
radius of curvature passing through the air purge opening than either the apertures
320 or the passageway-to-chamber opening 400. As such bubbles may be

managed within the print head by purging through the air purge opening.

[00058] Figs. 5a-5i illustrate several exemplary air purge opening
configurations.
[00059] Figs. 5a-5¢ show one embodiment of a air purge opening 332a

formed in orifice layer 324a. Fig. 5a illustrates a cut-away perspective view of a
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y-dimension back toward the chamber end of the passageway 326 until it
rezaocrzl(%sm% point where the passageway becomes more constrictive than
another opening available to the bubble. In this embodiment bubble 406c
grows toward the chamber 328 until continued expansion down the
passaigaway dzihaowdoraglire theidukbleiéa agsHBee @ higberiene gith one
state than expanding into air purge opening 332 and overcoming the
suttabediension gl fesdlisnatdheaabrdisiddotRitaresibwthis pamised of the
embodiment such a point may occur where the passageway's width is less
tharenrpeayalitodhe aitigurdeyapeillngsidihme®iec 1% i sS@@dance with one
embodiments this may occur where the passageway's width is somewhat
lessthahrtiertwillip. d8 ofltseairspurtge epeniof athustiatowingdheengegy fluid
state to become high enough to distend the bubble into the air purge
opgnitigradel fccollestome théigeniseuscdid dhee woitinoa oéinbbbimd6c
continues to increase, the bubble achieves a sufficiently high energy state

to overcome the surface tension of meniscus 403b. When the energy

state of the bubble becomes great enough to overcome the surface
teh&i800bf the mMierisegs oprenme A%ty siah db ribakt gl owiifigettry grad 4a between
comprising the bubble to evacuate or o be expelled from the print head
thrbtighi sHefae pltgaeperfierp B3 2e100056PRpsitesholfes Pt cheati PO bore
after the bubble has evacuated from air purge opening 332 and meniscus
A0BB s YhiditesE e i stsHiegane! bebiske serfoce 008 nfasifies layer 324a is
facilitated by the capillary pressure of ink proximate the bubble. In some
ensBBl $OfirfRECREtHitR efetien i3 De Reailibaedrionizdd anmoheadsearrier
times to create a pressure surge or surges through the ink to facilitate
puRyiRGAhECRIBISIE Bk Bt Gl B edftiims once the gas comprising the
bubble is purged from the print head. If additional bubbles form, the

prét¥¥d Inay bErdpie atEP JOBOEH] A RIS DS B 3FdVE ngeneraHyl/ drusto-
expansion of a bubble in a desired direction within a space such as a
pasigalvhnsthy BheicrssiaBy Prersaimg afedmmisphraiseibeithkaped and
space that tapers or otherwise encourages a bubble to move and/or to
exPERARGHh A RS- QB8 Hstraining region of the space into a less

constraining region.In this particular embodiment the more constraining

red?899&! proxiristd e Rh APRERT 4R fFrINdagL o faing FagiBYsget trapped

proximate the air purge opening.This embodiment also selects relative
within air purge opefung 332a When a portion of bubble 406d, shown Figs. 5b-5c,

expands into the air purge opening. Ink 506 may be trapped proximate second
surface 402a when bubble 406d expands into the air purge opening 332a and
generally conforms to the circular shape of the air purge opening as may be seen
in Fig. Sc. Ink 506 trapped in the air purge opening 332a may increase in some
instances the pressure sufficient to overcome the surface tension and pressure at
the air fluid interface. Alternatively or additionally, the trapped ink may be

expelled from a print head with the bubble when the meniscus is overcome.
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dimensions of openings leading into and out of the passageway to foster
bubbles to pass through a desired opening and/or not through other
opzé)ﬂ%ﬂagg’ Air purge opening 332 has relatively larger dimensions when
compared to apertures 320 and the passageway-to-chamber opening 400

sojthes3} bubbipigxpriisncasw lafggtdaging Qhebsvaidg RASSING YO WPLning
the air purge opening than either the apertures 320 or the

passefiewaiototehareher apening HOtAswiahbubhiesinaybe BRAAAed32b
within the print head by purging through the air purge opening.

100058itkigthcSprhitiluattaie sevpradaxersplaiyeis BO@EBPRMNG Figs. Se-5f,
configurations. [00059]Figs. 5a-5¢c show one embodiment of a air purge
opEigmgsd3aliosmed vicvifisarldyetd2amchig. [oasiliostfatesspeetit-ayayin this
perspective view of a 200207108 portion of another exemplary fluid
ejectionitevitainmrge aamieg it b hesemzadishestidng B dinsiraias at least
cross-sectional view of a portion of the exemplary fluid ejection device
illustratedilufigesain décordaniés veithborderentboditréntedrig. 508 is generally
illustrates a top view of a portion of the exemplary fluid ejection device
illustsitecbimdEigsBadd anterdemdetvithgnthe mibbdinayd: 200060dAIbore axis
purge opening 332a extends through orifice layer 324a between a first
subtacepiiararnwsdddnek gaderdl i op posirngguliace 4 02d enthwo3g4b. In
bore axis 62 which is generally orthogonal to first surface 401a. Orifice
layibs32al0i§ wenfigaredafyr rsgtontll Surfdosid @Rt ybecpositiofead somiaxd401 b
a print head's barrier layer as described above in relation to Fig. 3.

and second surface 402b. In this embodiment capillary region 510 generally

approximates a portion of a cylinder. Other shapes may provide a similar
functionality.

[00064] As may be appreciated from Fig. 5f, bubble 406¢ tends to expand to
fill central region 508, but generally does not fill capillary region 510 which
provides a path for ink 506 to evacuate back past first surface 401b into the
overlying portions of a print head. Providing an evacuation path for the ink may
allow bubble 406e to more easily to overcome the surface tension and pressure at
the air fluid interface and prevent expulsion of ink from air purge opening 332.
[00065] Figs. 5g-51 show an additional embodiment of an air purge opening
configuration that tends to allow ink to evacuate from air purge opening 332c
back into the print head in the presence of a bubble 406f. Figs. 5g-5i illustrate
views similar to those of Figs. 5d-5f respectively. In this embodiment air purge

opening 332c has a central region 508a. A rib of orifice material indicated
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1000611In this embodiment air purge opening 332a is generally frusto-

c%h% haped. Other exemplary shapes include hemispherical,
bowl-shaped and cylindrical among others. [00062]As may be appreciated
from Figs. 5b-5c¢, ink 506 may get trapped within air purge opening 332a
wigencaafigrtiofilaf dubile #@Sdeshomir drigssobi5C, eXRRRASIBIIRE AL 512
purge opening Ink 506 may be trapped proximate second surface 402a
wigenchalbblepgfiSdrextpandpirtienherall ByRaEQPEIN33RHANGIS SIAN . 4
conforms to the circular shape of the air purge opening as may be'seen in
Fign8kyr ik &Qehalagped in the air purge opening 332a may increase in

some instances the pressure sufficient to overcome the surface tension
arltiofressure attheaintiuidprdeidadefdliemativelyipsaddifionallyutBe: 406f to
trapped ink may be expelled from a print head with the bubble when the
mestisesAis @vieguotien RDRANELCS [B0O6APRIGSy DeLRISMOWATS10b for ink to
alternative embodiment of air purge opening configuration that tends to
alPacikaa@lenacuate from air purge opening 332b back into the print head

in the presence of bubble 406e shown in Figs. 5e-5f. Figs. 5d-5f illustrate
viEW8&Similar td thokdlef Ritisabahbo e spegtivelyotirithisenbatiment disening
purge opening 332b has a central region 508 joined with at least one
cEPMERTBR B2 bmutiieasmbodiment central region 508 is generally
frusto-conical shaped and extends through the orifice layer 324b along
bd?8%Rk b3. CagilldnpredionBio axedndsaciepbtrpaptivahthtoeghfarifisgon.
layer 324b. In this embodiment, capillary region 510 extends entirely
bgﬁﬁeén flfgsistiace 40E-savd sdoneBuUsACRrit02bedd thisiensbailimant that
capillary region 510 generally approximates a portion of a cylinder. Other
sﬁﬁbagaﬁﬁéyﬁé&iée whilmiiie. tom chiostaaitgs J000643is Iaray becagpredintechted
from Fig. 51, bubble 406e tends to expand to fill central region 508, but
g&hditgiyBoda Hys mmbagimeytragion 51 ohamictryraBice32atpatinied inkbarrier
506 to evacuate back past first surface 40th into the overlying portions of

a [HRE esd. BidndmEoRs b waceRneppathides the Wik mayallovsipbibié via a
406e to more easily to overcome the surface tension and pressure at the

aif HOTHSRBHSREHRY prédennkxip sismhiest Menizoinidipplrgéomeslng3832 into
passageway 326a through apertures 320a formed in filter 318a. Nozzles 330a,
330b are positioned below chambers 328a, 328b respectively.
[00069] An air purge opening 332d is positioned along passageway 326a
between chambers 328a, 328b. In this embodiment, the passageway’s height d,
proximate chamber 328a is less than height d;, proximate air purge opening 332d.
The passageway’s height in the z-direction between filter 318a and orifice layer
324d is generally tapered from the value at djy to the value at d;;. In this
particular embodiment the orifice layer’s inner surface 402d is patterned utilizing

a gray-scale etch to achieve the tapered configuration. Other embodiments may
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1000651Figs. 5g-5i show an additional embodiment of an air purge

o%&ig\ configuration that tends to allow ink to evacuate from air purge

openlngO§32c back into the print head in the presence of a bubble 406f.
Figs. 5g-5i illustrate views similar to those of Figs. 5d-5f respectively. In

thigembadiaperdbpapuigavapering 3326 adiscca ol akregiimda8a tbéibin the
of orifice material indicated 200207108 generally at 512 extends into

cefitikal YegothbOBans B daisreviabadbnent Bo&lagenasalrapproximates a
portion of a cylinder. Other shapes may provide a similar functionality.

[00®66IAs maylhe appredated firomafig. S Makigcayses bubblei4d06f t@use
assume a configuration which leaves two capillary regions 510a, 5106 for
inkubbéem doete dlonthd QRSGEThey skilled estisatishoutspesdgpizarathgr purge
suitable air purge opening configurations may be utilized. [000681Figs.
6-6peitimstrat@dnoffier exlenvplatinpnisidsadfcirfigiratioge opening encourage
bubbles to exit passageway 326a through the air purge opening rather than
through the apertures 320a or into the chamber 328a.
[00071} In this embodiment, apertures 320a extend through filter 318a along
fluid path f'and have a diameter d, of 10 microns which is less than a diameter d,;
of 15 microns taken along the air purge opening's bore axis bs. The air purge
opening's diameter d;3 is greater than at least one of the dimensions leading from
passageway-to-chamber opening 400a. In this particular embodiment the
passageway-to-chamber opening dimensions comprise height d,, of 10 microns in
the z-direction and width d;4, of 20 microns in the x-direction. Passageway-to-
chamber opening height dimension d;,0f 10 microns is more constraining than the
15 micron diameter d;; of air purge opening 332a. Likewise, 10 micron diameter
d;; of aperture 320a is more constraining than the air purge opening’s 15 microns.
As a result, a bubble expanding in passageway 326a will tend to pass through air
purge opening 332d rather than through apertures 320a or into passageway-to-
chamber opening 400a.
[00072] Fig. 6b illustrates an alternative passageway configuration which

may aid in moving bubbles toward air purge opening 332d. This particular

embodiment maintains the tapered passageway height described in relation to
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Fig. 6 illustrates a cross-sectional view of print head 204a similar to that
i"%&{@-}%g in Fig. 3, while Fig. 6a illustrates a view similar to the view
illustrated in Fig. 4b. In this embodiment a pair of chambers 328a, 328b
formed in bather layer 322a and positioned on opposing sides of slot 304a
isEigppliedria ambodineshpasshgendis 326aydfd ip adpptiesyalongflwidfurther
path f from slot 304a into passageway 326a through apertures 320a
foemedriagiilteb8ibia. Nozzes:330a, BRB1 B afeopesitione dbelgychaswhess air
328a, 328b respectively. [00069]An air purge opening 332d is positioned
alpmg pepsagewaydathabetywiem chambers Z8a, 328b. In this

embodiment, the passageway's height dio proximate chamber 328a is
leH9®iah heigRagHigroximaéaihpurgeradtbnifig 382d. Pheprssaganaiimber
height in the z-direction between filter 318a and orifice layer 324d is
generally tHibbréehfronmttmvaiuthan dis toidble ¥alpeatdipdndhiadartioulaorge
embodiment the orifice layer's inner surface 402d is patterned utilizing a
grefesesie3dtsh to Huohivssagetapeimpsobfiguecatiothe@thsrcemidocimeish a
may 200207)08 achieve a tapered passageway height in the z-direction

by erEatirgitheapardmoie titbbs 18aychiofilny 8t4hcandiorrgabsieateg 332d.
306a among others. 100070]The tapered configuration of passageway

376a fehdyble mdibugbles grtedith ts-gastagewasptdencove et gpow
expand toward air purge opening 332d. The relative dimensions of the air
purgeshehindaseruagssitbles thexiyptessadewalye3dehttierogighvthevithin
air purge opening rather than through the apertures 320a or into the
cl%%é?‘ﬁ%é?@g(ﬂi?&g hehiciein BoekRdeht, RipeetonssiB2 R aktenid it distends
through filter 318a along fluid path f and have a diameter d2 of 10 microns
WHIED 35 RS H et 1y ecompitiomsnitan. afdribitheonit therbebble
opening's bore axis b5. The air purge opening's diameter d13 is greater
thaKRaPIEgs fione B s gimBnansi My fEsrAnsagEageway-to-chamber
opening 400a. In this particular embodiment the passageway-to-chamber
oM7) dimenfeh oo A Ifei e AT o SFTelBheRRhbescLhreiiation.
and width d14 of 20 microns in the x-direction. Passageway-tochamber
opafing HERFeirmenBioRiont 1bwididhs harrierdashstiaininadivaiiigselayer
15 1;nicron diameter 6113 of air purge opening 332a. Likewise, 10 micron
didn @Sy PP IS SRS BRI Hord toHSRFMNgemeahi s tatipurGater 318
openjng's 15 mi(irons. As a result, a bubble expanding in passageway '
32%&%%1‘1&&&% PESEINBUh i BIRGE D PSR IS SHaSEH tHH Wk 8 wghtion

a res 320a or into, passageway-tochamber opening 400a.
%?I‘Ege components as ir?(ﬁcate n F}/g. 7. P J

[00075] This embodiment employs a manifold region 702 formed in barrier
layer 322b. Manifold region 702 may receive ink through apertures 320b. Ink
may enter an individual passageway 326b from one or more openings. Examples
of openings, in various embodiments, may include apertures 320b, a manifold-to-
passageway opening 704 and a passageway-to-passageway opening 706.

Manifold-to-passageway opening 704 has a dimension d,s that is larger than a
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100072]Fig. 6b illustrates an alternative passageway configuration which
may aid in moving bubbles toward air purge opening 332d. This particular
embodiment maintains the tapered passageway height described in
relation to 200207108 Fig. 6. This embodiment further adds a tapered

paksageivayvidthjestuptiesercpage alubblaingassagenas 3266 ment
move and/or to expand toward air purge opening 332d and away from

chambes3280-10G0RT-HRessadieveayi 3260, hak aidih dm afions while the
passageway-to-chamber opening 400b that is narrower than its width d17

proadsagievhy-ang atagepusgeiapasiog 332ds Tive passageway BpakEeway-to-
between these two values. Such a configuration may promote bubble
movanitentdioveastbthe, aropyngseopemngrd32d. As the bubble continues to
grow with out-gassing or coalescing it will grow toward the largest
diffeeiEibn in the bysbdenthSoi sherdalioleld growsotlithin gassage\irayB 26t vidual
along the y-axis toward air purge opening 332d until it distends into air
purgfsageening 332 thapovercochessitwitheristisicAtthigassing, thedowbibl€avor
may purge from the system through the air purge opening. 100074]Figs.
7-Patimgstianeustill ainctheriegemiolary print dfedlieconsiggration heigng the least
illustrates a top view of filter 318b, barrier layer 32_2b and orifice layer
3o theroverlyingsebsaate. Fbisthenpudbioses ohilusthation, ditterally
318b is shown partially cut-away. Fig. 7a shows a somewhat enlarged
Vieiore sevienco? RS sumipanenhtieas dhigictaoachindefgen. between orifice layer
324b and filter 318b. As such, the least constrictive opening comprises a
manifold-to-passageway opening 704. Bubble 406¢ constrained in passageway
326b will tend to move through manifold-to-passageway opening 704 when a
sufficient energy state is reached. Bubble 406¢ will not tend to migrate between
adjacent passageways given that the smaller passageway-to-passageway openings
706 require a higher energy configuration to pass through than the manifold-to-
passageway opening 704.
[00077] In this embodiment manifold region 702 has a width d,; of about 50
microns taken along the short or y-axis, and a length in the x-direction similar to a
length of an overlying slot. Bubbles in manifold region 702 tend to expand along
the manifold region rather than pass through the more constricted dimensions of
the manifold-to-passageway openings 704 or through apertures 320b which have a

diameter dy; of 9 microns. Air purge opening 332¢ having a diameter dy; of 15

microns may provide the largest dimensional opening available to the bubbles as
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100075]This embodiment employs a manifold region 702 formed in barrier

la Oeorz(%Zlng. Manifold region 702 may receive ink through apertures 320b.
Ink'may enter an individual passagcway 326b from one or more openings.
Examples of openings, in various embodiments, may include apertures

3206 mamtnlifaldfinpassagewayhapeairg {ods dydiRe bubble. So bubbles in the
passageway-to-passageway opening 706. Manifold-to-passageway
opemid04dias 20dimensiginad & e isdarger thian i 290287 402&imensional
dimension dm of passageway-to-passageway opening 706. In this
embedimientcthadmaniialdpo-passageivayrdingesaian sinds about 12

microns while the passageway-to-passageway dimension dm is about 9
mieadT8] Passdgewayttochamberbditepsiosudbi:comprisemdthpriCrensout an
1000761A bubble that is produced in, or otherwise occurs in an individual
passagewayH6p. nisstagubwhesettiias dittersntinoéthewigassirgnanshwidlut of
favor exiting through an opening into or out of the passageway having the
leaspaoagtriciverayimenseiedan én piargeThis mrmblediment regatdnsmozzle. By
generally uniform distance of 20 microns in the z-direction as defined
betwkmg dlifiqeaiagers4ahdfiler 8i8tmiss suchndhéteastdeondiaiative d,,
opening comprises a manifold-to-passageway opening 704. Bubble 406c¢
colasgeaiiteah ithpaybay @assp 326ty witkténgstsuriowes theoughifold-to-passageway
manifold-to-passageway opening 704 when a sufficient energy state is
reqpRRBZBlBbRNG0GE WHFFIECHENG o PRgRatVDEWRENNEdjd66nt bubble when
passageways given that the smaller passageway-to-passageway
opEHIFigS P06 e difrepaskighEp e naryy Boafigeratioritypgsstheroughlthanithout
the manifold-topassageway opening 704. 100077]In this embodiment
mMAHEHERE didn FDICERPAsHAREN dzslanf aotut Bl yrieedidinglek Btonththein.
short or y-axis, and a length in the x-direction similar to a length of an
ovBiHitd slot. Bibbladistinignifslgrbgidmropsiatithtdetipasticatorg fig. 7. In
manifold region rather than pass through the more constricted dimensions

of tHg ¥isHifBIiies Javeadétraysiseina gamier drYRTolags afdrdurendedots filter
which have a diameter cb, of 9 microns. Air purge opening 332e having a
diarhter 82815 AdiRsHS PeiEse Vi dactHEs | RRgEiRafRYRI Maasagsariyg 326¢

available to the bubbles as ) _ )
as well as over the manifold region 702a. The dimensions are identical to those

recited in relation to Fig. 7 so bubbles tend to migrate from the passageways 326¢
into the manifold region rather than into adjacent passageways 326¢c or through
apertures 320c. Once in the manifold region 702a, bubbles migrate out of air
purge opening 332f rather than back into the passageways.

[00080] In this embodiment individual passageways 326c may receive ink
through apertures 320c positioned over the passageway and/or from adjacent

passageways even when a bubble is occupying part or all of manifold region 702a.
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200207108 the manifold is filled in the x- and y-directions by the bubble.
So B%?Poles in the manifold region 702 may expand within the manifold
reglon (il the dimensional constraints cause them to purge from air
purge opening 332e. 100078]In an alternative embodiment bubbles may

bermanagegwithont @aaicMurgaepeningilisiend, iRdalalivek flow to the
dimensions of the openings into and out of a passageway may be

selaetesttoipurgaibeitdbiasaubia (esReativd foazagidly making the
passageway-to-chamber dimension d29 and the nozzle diameter d24

lafgesstian theTiibaighdsrageVvayisipeningsridieas the, vary depending on the
manifold-to-passageway opening 704 and the

pagsagiévgapitapassafewpsiopeningd06 &behblaavhemcanstricied i used
the passageway may migrate out through the nozzle without migrating nto
adjecedicpigsaiienay sodidifpotentipltyuscpltedingaielafiony hepeiopdog7 Fbme
Fig. 8 illustrates an embodiment similar to that shown in Fig. 7. In this view
orifickoldiyes 832 4eay ruieilies bafrierd dyetid22clovinieh ondétbe sfitiei3d8aievice
In this embodiment apertures 320c are positioned over passageways
3280xapeiehmgivperghenaanigoldire hiow 7O 2knTdne diapdrstangarel from time
identical to those recited in relation to Fig. 7 so bubbles tend to migrate
from tivecpasshigesvayked26eeimoithéeadnifoldasioredather thandntice  station.
adjacent passageways 326c¢ or through apertures 320c. Once in the
m&nieirregite Toang W imigate eltiokawipdigegpening 882fcrusted or
rather than back into the passageways. [000801In this -mbodi ent
dirduakpresagelndps arauaayrevayavinkthreyghtapenterbsgd2e obstruct

posmoned over the passageway and/or from adjacent passageways even
wWien & B ORSBEEupying part or all of manifold region 702a.
200207108 This configuration may contribute to maintaining adequate ink

floROSThe chamibéles SPraiBpreaemnies of s Libhredimgnsiosnifel gnegibsd. above

for the purposes of explanation, the skilled artisan should recognize that many
other suitable dimensions would be equally suitable.

[00083] The embodiments described above provide various structures and
methods for managing gas bubbles as they occur in a fluid ejection device, such as
a print head. Other exemplary embodiments may manage bubbles in other ways
and/or in other locations. For example one suitable embodiment may position a
bubble managing structure at a convenient location along the fluid-feed path.
Another example may position air purge openings at either end of the nozzle
columns shown in Figs 7&8. The structure may be designed to proactively reduce
an amount of gas contained in ink subsequently supplied to the print head by

producing a bubble through nucleation and maintaining continual outgassing
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[00081]The incidence of bubbles in a print head may vary depending on
the operating status of the print cartridge.When the print cartridge is used
pezﬁ%%?&gﬁly, ink may solidify or may crust proximate an air purge opening.
Some embodiments may position a firing heating element or other

energizingoogyied REAXHRANE BB Ak PUIIEARLRIRI mbYL,RLRNRY leME A fine a
may be energized from time to time, such as when the print head is

papitianeeboye ahReY vicersiatioRd pRAIgizng the heating element may
eject ink which may expel any crusted or dried ink proximate the air purge

opecsg] whichimayiothevigateeicto abstuattbenals p&gﬁﬁe%%'ﬁm- through
[00082]While specific examples of suitable dimensions are provided

abehitanit e purposesntf explenpéiaad e skilleesarisaprsieulc e eRIRIg8use
that many other suitable dimensions would be equally suitable.

[06083}Fhe emdbedirtentdasslesbathabayslpsavidebanRMsIUS e adully
methods for managing gas bubbles as they occur in a fluid ejection

deseicetisgdheasciaprint ieadn@thienpexemplaryembedinepis ANy MARRLER in
bubbles in other ways and/or in other locations. For example one suitable
ernbotiméntmashpbsitibapa biilikepaanagiog stivgiy et &oOREBIRMNg the
location along the fluid-feed path. Another example may position ail purge
opdrihgediretihemdnthay thearotzlepalunrs stiownfint-igem&s.ahbemay exit
structure may be designed to proactively reduce an amount of gas
cahtairghdaindeknsubisetioently SupblipdniogHenpiirgt hesdimoprddueinga larger
bubble through nucleation and maintaining continual outgassing
20b20 7 108hwughtveslice® heidingobfibhefnk . ahlesattmdt wiesmitays beay allow
configured to define a space through which the fluid-feed path passes.
bubbles to exit the space and further to be effectively separated from the ink. This
process may be further augmented by tapering the shape of the space so that a
least confining region of the space is proximate the third opening. This is but one
additional exemplary embodiment for managing bubbles. The skilled artisan
should recognize other suitable configurations.
[00085] The described embodiments may provide methods and systems for
managing bubbles in a print head or other fluid ejection device. The bubbles may
be managed by controlling the relative dimensions of opening leading into or out
of a space such as an ink-feed passageway. Some embodiments utilize an air
purge opening as one of the openings and select relative dimensions which

promote migration of a bubble through the air purge opening rather than other

openings.
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[00084]In one such embodiment a structure may define a space through
Wm&zwmé flows. The ink may be heated as it passes through the structure

to cause outgassing and resultant bubbles. The bubbles may be managed
by purposefully selecting the relative size and shape of the openings
couplgel to the/spiamein theniiveation witlréhe dhapebetihéespalsal holanguage
example ink may travel along the fluid-feed path and may enter the space
theeeeghcadisstuapaningamnctnay exititbdoighicalseepn dtapeninguAddhnirdod that
opening having a minimum dimension larger than a minimum dimension
oftleithappofctite dlestand s ecomdoepemihgsmeaydaltotid spphies teeexitdher steps
space and further to be effectively separated from the ink. This process
mégsbrebhuithdtabepnEntesh by flapfedhg thesfiapepsf the dpatessb thafeems of
least confining region of the space is proximate the third opening. This is
bumpleradtiional exemplary embodiment for managing bubbles. The

skilled artisan should recognize other suitable configurations. 100085]The
described embodiments may provide methods and systems for managing
bubbles in a print head or other fluid ejection device. The bubbles may be
managed by controlling the relative dimensions of opening leading into or
out of a space such as an ink-feed passageway. Some embodiments

utilize an air purge opening as one of the openings and select relative
dimensions which promote migration of a bubble through the air purge
opening rather than other openings. 200207108 100086]Although the
inventive concepts have been described in language specific to structural
features and methodological steps, it is to be understood that the

appended claims are not necessarily limited to the specific features or

steps described. Rather, the specific features and steps are disclosed as
forms of implementation. MOSLLP
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200207108 CLAIMS What is claimed is: 1. A fluid ejection device
comprising: a chamber configured to eject fluid droplets through a nozzle; MCSLLP
a -feéd passageway configured to supply fluid to the chamber through
a first opening and configured to receive fluid through at least a second
different opening; and, a third opening coupled with the fluid-feed
passageway where the fluid-feed passageway is further configured to
constrain bubbles to form into a largg bulide until a driving force
associated with the large bubble causes the large bubble to be expelled
ounvirenistbieiftisid iejection device through the third opening. 2. The fluid
ejection device of claim 1, wherein the third opening extends to an outer
surface @f fhedfkiie epeciingdexepfisingwhich the fluid droplets are
ejected. 3. The fluid ejection device of claim 1, wherein the third opening

comprises an opening formed in an orifice layer.
a chamber configured to eject fluid droplets through a nozzle;

a fluid-feed passageway configured to supply fluid to the chamber through
a first opening and configured to receive fluid through at least a

second different opening; and,

a third opeﬁing coupled with the fluid-feed passageway where the fluid-
feed passageway is further configured to constrain bubbles to form
into a large bubble until a driving force associated with the large
bubble causes the large bubble to be expelled out from the fluid

ejection device through the third opening.

2. The fluid ejection device of claim 1, wherein the third opening extends to
an outer surface of the fluid ejecting device from which the fluid droplets are

ejected.

3. The fluid ejection device of claim 1, wherein the third opening comprises

an opening formed in an orifice layer.
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MC cl Lt. P 200207108 4. The fluid ejection device of claim 1, wherein

thg)&izros?t] (())zpening extends along a first bore axis and the at least a second
different opening extends along a second bore axis and the third opening
extends along a third bore axis and wherein a minimum dimension of the

thitd operiagliakes) atibagenally tef toritRirg, hokeraxistis dfieatepti@ibacxtends
minimum dimension of the first opening taken orthogonally to the first bore
axitoapad d@ntibsrunaxidimengiontatite aideast disReNbLPPENNGLRKER along a
orthogonally to the second bore axis. 5. The fluid ejection device of claim
1,satrere theeflaidsfend phssdgeivayenatpowadnddinmrngion @w@rddke axis and
chamber and widens in dimension toward the third opening to cause
bubhtesexpandingynltmerfhiio-featphsshgenay talao vettogatd i eottiedthird
opening. 6. The fluid ejection device of claim 1, wherein the third opening
comyrisessaisegitalaredion andrancapittaryiregision A THe: fifiidt ejgetidme taken
device of claim 1, wherein the third opening comprises a central region
ardthagonalyTreetHaidizsjebtion devies b olaimniywhkneinde aif fhege least a
opening is positioned over the fluid-feed passageway. 9. The fluid

ejéeti dpvitaokkirarthegonetiet dscaqedint heaelaxis.

5. The fluid ejection device of claim 1, where the fluid-feed passageway
narrows in dimension toward the chamber and widens in dimension toward the

third opening to cause bubbles expanding in the fluid-feed passageway to move

toward the third opening.

6. The fluid ejection device of claim 1, wherein the third opening comprises a

central region and a capillary region.

7. The fluid ejection device of claim 1, wherein the third opening comprises a

central region and a rib.

8. The fluid ejection device of claim 1, wherein the air purge opening is

positioned over the fluid-feed passageway.

9. The fluid ejection device of claim 1 embodied as a print head.
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10. A fluid ejection device comprising: a chamber configured to eject fluid

thE&%ﬂo‘% nozzle in a surface of the fluid ejecting device; a fluid MCSLLP
passageway configured to receive fluid through at least a first opening and

to deliver fluid through at least a second different opening to the chamber;

and, a means for removing bubbles from the passageway where the fluid
passageway is further configured to constrain bubbles to form into a large

bultble uhtihadkjeinpiotee assosigtsthwith the large bubble causes the

large bubble to be expelled by the means for removing bubbles through

an air purge opening formed through an outer surface of the fluid ejection

device. A thanbefiardjeiish tdesirsd Slufathraghihereirithe mearfsdorf the
removing is configured to remove the bubbles through the surface. 12. A

fluid ejection d@ViééE@#ﬁﬁi@ﬂYgQﬁ’a pair of chambers configured to eject

fluid; a fluid-feed passageway extending generally between the pair of

chambers and configured to supply fluid to the pair of chambers through a
pair of o%e%ilr% ;aasﬁg,eﬁa}éa%?‘bph%y%et#etP o’ﬁ?@ﬁﬁ% i'ﬁ‘tlé‘}pgg%g&loﬂglﬂ%tg a first
passageway agd_ 'g}rou h no ter surﬁac\i f the {ll;uid jection deviceé%;ﬁ
remove air fronFthe fuid ejection devics Whare'h ﬂbigé-?étea (SEERA trent
is further confifgu(g%gntotg%g,gaipn ir bubbles to form into a large air bubble
until a driving orce associated with the arge air bubble causes the large

air bubble to be expelled out of the at least one other opening.

a means for removing bubbles from the passageway where the fluid
passageway is further configured to constrain bubbles to form into a
large bubble until a driving force associated with the large bubble
causes the large bubble to be expelled by the means for removing

bubbles through an air purge opening formed through an outer

surface of the fluid ejection device.

11. The fluid ejection device of claim 10, wherein the means for removing is

configured to remove the bubbles through the surface.

12. A fluid ejection device comprising:

a pair of chambers configured to eject fluid;
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13,The fluid ejection device of claim 12, wherein the fluid-feed

PassAgsway Is generally tapered from the openings toward the at least MCSLLP
one other opening. 14. The fluid ejection device of claim 12, wherein the
fluid-feed passageway has a first dimension measured orthogonally to a
length befivekfetdepapaningsy thatdisdass dhas Al $eROREAIMBNRIATLf chambers
measured orthogonally to the length and proximate the at least one other
opening. 15. FikkduifiwiedionsdeyiseiafClaimdldainbresrintba dig-iead pair
passageway has a third dimension measured orthogonally to the length

and orthogonalfyotethefirshdjmension that is less than a fourth dimension
measured orthogonally to the length arid orthogonally to the second
dimension and proximate the at least one other opening. 16. The fluid
ejectionPH&FvePBE QHIF WCWHE RTINS Pt wfcchambesazare s onfighredgh an
to eject fluid through first type nozzles formed in an orifice layer, and

wherein the aPlEESEBHEGHYr Bpelirg cnrippisalsHesetonampies mozdiem the
formed in the grifice layer. 17. The fluid ejection device of claim 14,

wherein the of&'ditfer SioenfiRy Ksmiphees B dhitidifrsdiarssadavesipilafyrther
region. 18. The fluid ejection device of claim 14, wherein the one other
opening comprRERHEL it Avatjia sHE Buhblesrindanentors 1oea siuifubble
ejection device comprising: at least one chamber for ejecting fluid

received alon é“g‘llﬁj&{.rf‘é(é%ﬁp@fﬁ? associated with the large air bubble causes the

large air bubble to be expelled out of the at least one other opening.

13, The fluid ejection device of claim 12, wherein the fluid-feed passageway is

generally tapered from the openings toward the at least one other opening.

14, The fluid ejection device of claim 12, wherein the fluid-feed passageway
has a first dimension measured orthogonally to a length between the openings that
is less than a second dimension measured orthogonally to the length and

proximate the at least one other opening.

15, The fluid ejection device of claim 14, wherein the fluid-feed passageway
has a third dimension measured orthogonally to the length and orthogonally to

the first dimension that is less than a fourth dimension measured orthogonally to



the fluid-feed path extending through a first opening into a fluid-feed
passageway and into the chamber through a second opening, wherein the
firéfBpEffhg has a minimum dimension measured orthogonally to the
fluid-feed path that is less than a minimum dimension of the second
0Pt_%e'%gﬂ%@%ﬁ%ﬁ&lﬁ%ﬁﬂ&?ﬂ&@%@&%ﬁ@ddﬂ%&'%ﬂ &B%S?o%ﬁ@a%nﬂle at least
fluidly coupled to the tluid-féed passageway, the air purge opening being
for(gﬁggﬂg‘gpg,&gglg{é‘outer surface of the fluid ejection device, and wherein

the air purge opening has a minimum dimension measured orthogonally to
the bore axis of the air purge opening that is greater than the minimum
dimension of the second opening where the fluid-feed passageway is

furtber canfignied &eeapstRNAIrIUNRIES 10 forRiBe dasas aF BLRRIS s are

until a driving force associated with the large air bubble causes the large

aucbuhbiede loepxpellad ouboIHTR At a6 2RI K4 On THR AL 1ayer, and

ejection device of claim 19, wherein the fluid-feed passageway tapers

fromherselatively MsidedieginRelosaiathprestipaie dhesalo RY 98 OREINIARRed in
relatively narrow region located distal the air purge opening and proximal

thehehaifibenay2t. The fluid ejection device of claim 19, wherein the
fluid-feed passageway tapers from a relatively wide region located
proximate the air purge opening to a first relatively narrow region located
distal the air purge opening and proximal the first opening and tapers from

thd TelatiTely Viidé kgetdoriodasecattdriaiively Rarsam regioper &itsatspening
the second opening. MC SLLP 200207108 22. The fluid ejection device of
claiomb@isedeceinrthecgiopurgeaappilingygegiprises a central region and a
capillary region. 23. The fluid ejection device of claim 19, wherein the air
purge opening comprises a central region and a rib formed on the central
region.

18. The fluid ejection device of claim 14, wherein the one other opening

comprises a central region and a rib formed thereon.

19. A fluid ejection device comprising:

at least one chamber for ejecting fluid received along a fluid-feed path;

the fluid-feed path extending through a first opening into a fluid-feed
passageway and into the chamber through a second opening,
wherein the first opening has a minimum dimension measured

orthogonally to the fluid-feed path that is less than a minimum

dimension of the second opening; and,
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24. A fluid ejection device comprising: at least one chamber for ejecting

quiOdO:E(r)l{]ough a first opening, the at least one chamber configured to MCSLLP
re¢enve fltid from a fluid-feed passageway through a second opening;

and, another opening fluidly coupled to and foinied along the fluid-feed

passagemayir pai¢ abpihpapeaiahsaNgkeshie FmaKe AR s N the

ejection device; wherein the fluid-feed passageway tapers from a first

dimension at aflogaties pexiBaieihednathriapepinch IR SECRRMhed through
dimension at a location proximate the second opening the fluid-feed

passageway furthenteonatfatuing alicbabliesdoriainadoio-a a0 e alBubile i
until a driving force associated with the large air bubble causes the large

air bubble to beexpeitediagtiokthenaneaiber opesingn REasTg Bfdogonally to
ejection device of claim 24, wherein the another opening has a minimum

dimension medberbdrerthogarfatletan porgaxipaiihetrnoties@pRAIMEan the
that is less than a minimum dimension of the first opening measured

orthogonally tonaiorenaxisnoditsierficst dipeningn@opdhiadivitejeationfiuid-feed

device of claim 24, wherein the another opening comprises a central

region and a capitaggweyion futheT werfligdreje cticmienite of dabbl@dio form

wherein the another opening comprises a central region and a rib formed

on the central i@#ichlarge air bubble until a driving force associated with the large
air bubble causes the large air bubble to be expelled out of the air

purge opening.

20.  The fluid ejection device of claim 19, wherein the fluid-feed passageway
tapers from a relatively wide region located proximate the air purge opening to a

relatively narrow region located distal the air purge opening and proximal the

chamber.

21, The fluid ejection device of claim 19, wherein the fluid-feed passageway
tapers from a relatively wide region located proximate the air purge opening to a
first relatively narrow region located distal the air purge opening and proximal the
first opening and tapers from the relatively wide region to a second relatively

narrow region proximate the second opening.
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22, The fluid ejection device of claim 19, wherein the air purge opening

comprises a central region and a capillary region.

23.  The fluid ejection device of claim 19, wherein the air purge opening

comprises a central region and a rib formed on the central region.

24. A fluid gjection device comprising:

at least one chamber for ejecting fluid through a first opening, the at least
one chamber configured to receive fluid from a fluid-feed

passageway through a second opening; and,

another opening fluidly coupled to and formed along the fluid-feed

passageway, said another opening configured to remove air from the

fluid ejection device;

wherein the fluid-feed passageway tapers from a first dimension at a
location proximate the another opening to a second dimension at a
location proximate the second opening the fluid-feed passageway
further constraining air bubbles to form into a large air bubble until
a driving force associated with the large air bubble causes the large

air bubble to be expelled out of the another opening.
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25, The fluid ejection device of claim 24, wherein the another opening has a
minimum dimension measured orthogonally to a bore axis of the another opening
that is less than a minimum dimension of the first opening measured orthogonally

to a bore axis of the first opening.

26.  The fluid ejection device of claim 24, wherein the another opening

comprises a central region and a capillary region.

27.  The fluid ejection device of claim 24, wherein the another opening

comprises a central region and a rib formed on the central region.
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