200207108 AIR MANAGEMENT IN A FLUID EJECTION DEVICE
Zﬁ%gﬁgaROUND [0001] Air in the form of bubbles 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

asedt rougio T A e e e T a S e CBnerts

used throughout the drawings to reference
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 ﬁéﬁf } f an exemplary printer in
accordance with one embodiment. [0004] Fig. 2 illustrates a perspective
[QG6M of an exihplathepfivia-niridigebiesacublruncesaithioneevioditidrjection
[0005] Fig. 3 illustrates a cross-sectional view of a portion of an exemplary
dpvirtebeadcasashprimt indaids. 2 In aontrddunick ejédtionedenibeslibwdaitet can reduce
200207108 [0006] Figs. 4a, 4c, 4e, 49, 4i, 4k, 4m, and 4o illustrate an
aRBlerasetRigeFuid 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.



sectional view of a portion of the exemplary fluid ejection device shown in
25?17? g’n accordance with one embodiment. [0007] Figs. 4b, 4d, 4f, 4h, 4j,

AP nd 4n illustrate top views of a portion of the fluid ejection device

shown in Fig. 4a, 4c, 4e, 4q, 4i, 4k, and 4m, respectively in accordance

[ovgBIoNe emipeiment 4[0008] & 4padlluatintend Sy tiAVNGYaREETPEAIMed cross-

view of a portion of another exemplary fluid ejection device in accordance
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a portion of the exemp
. accordance Wit%g(()ne em oﬁ}imen . [00010] Fig. 5c illustrates a top view of
'%%988( STt %ﬂ?p‘?&?@q i'gpegj ction device illustrated in Fig. 5a in
accordance with one embodiment, [00011! Fig. 5d illustrates a cut-away

(0% Ehective Vills: d1oa AR dt AhdtheEdmplusratsdodsyys fhadaartion of

accordance with another embodiment. [00012] Fig. 5e illustrates a
the dbuidsjaoiondeviest shevyiion &fith&taedemitadoiiditl dlectitsh4Bvigspectively
illustrated in Fig. 5d in accordance with another embodiment. [00013] Fig.
irbhdhorlanes avitip omevembadhiongoh of the exemplary fluid ejection device
illustrated in Fig. 5d in accordance with another embodiment. [00014] Fig.

[GapgiustratesmgcusAWHYIRIRRe elivRtaNagf iaé?_@E@@ﬂ\%f oRaihef a portion of
exemplary fluid ejection device in accordance with an additional
aRBIReOERERbIAry 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. 5c illustrates a top view of a portion of the exemplary fluid
ejection 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. 5e 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.



200207108 [00015] Fig. 5h illustrates a cross-sectional view of a portion
z&f w?ogexemplary fluid ejection device illustrated in Fig. 5g in accordance

WI2t an additional embodiment. [00016] Fig. 5i illustrates a top view of a

portion of the exemplary fluid ejection device illustrated in Fig. 5g in

Gpgipance wig) ashaqhignakeaerIResictRAR 71/ ey GflusiBlEEn of the

enlarged cross-sectional view of a portion of another exemplary fluid
iecti ica in.ace it [ t. 18].Ei :
o B A fincih Sy GusoncA eyt an
g{'ﬁfﬂon dev'ﬁzeﬂshow in Fig. 6. [00019] Fig. 6b illustrates a top view of an
a f—RQﬂl/S’“E A HU%} on of a portion of the embodiment of the exemplary

fluid ejection device shown in Fig. 6. [00020] Fig. 7 illustrates a top view .
[AUBortion dHEnoh S SIERES Ay BRI 1B AbR RAHEMN Yl dexiailary fluid
one embodiment. [00021] Fig. 7a illustrates an enlarged top view of a
ejsstion ofeniceenbosiratast ofithd-tkerbglari fldecejeainss dwiike siowadigitional
Fig. 7 in accordance with one embodiment. [00022] Fig. 8 illustrates a top
embodofi@mtortion of another exemplary fluid ejection device in accordance
with one embodiment. DETAILED DESCRIPTION [00023] The

[GobpdimentgigesgrinastReienapesiai dednetbosiscatiomasiaay tflatesbidion of
fluid ejection devices such as print heads. As such, the term "ink" will

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

ejection 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



3200207108 be used in the following description, but other fluids are
2(#6%3? in suitable embodiments. [00024] Among other origins air in the

orm of bubbles 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

b Slacionmsorsts WG edibHpasieVISaiS aHer sRIfasIagevhanzel itn suitable
ejected from one or more chambers. [00025] If bubbles accumulate within
emsc;mme%ifé:tion 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
ction. Some embpodiments provide , structures and methods tha .
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the, likelihood of such a malfunction as will hecome apparent below.
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embodiment. In this embodiment the printing device comprises a printer
mayobeTinspef@Rs amyRFEYE: & dhemrjarstompreeastinotneriiRiéIg aegEee's print

The printer 100 may be capable of printing in black-and-white and/or
cadlodgEhvehtemrmKpsiejedetieliost oateos mamychgreberprinting device

and/or image forming device that employs a fluid ejection device(s) such

[GBIR Print eamigeeto aaehinvtag! Rastian RRetionef ksditistionalide, e.g. print

Examples of such printing devices may include, but are not limited to,
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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.



devices such as Lab-On-A-Chip used in various medical and laboratory

5 Ing, among others. 4 200207108 [00027] Fig. 2 shows an exemplary
print cartridge 202 that may be used in an exemplary printing device such
as printer 100. Print cartridge 202 is comprised of a print head 204 and a

[GEIFigloe bogyi20P Gesiie WR i@ FRIRe mtht he thidRfeheae tha HidgSe used in

body 206 may supply ink to print head 204 and may contain an internal

' d cted t ink I ' .
AR E e SO BT o ALeE R o aRbae 202 s
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on a_sing]le print cartridge. Some suitable print cartridges ma

thesBBh ARGy hifeRbtHEES g A5 AR RHPRYs Hak téhaamb?iﬁ%@x@@éd%@ may

that of the printing device. Other exemplary configurations will be
castainaretn iy Mabsekosumilyandairbgoourertad.te snawéesnal ink supply. Ink
cross-sectional representation of print head 204 as shown in Fig. 2. This
rerenedebtiopahtidwad takénrabyndehejgedads of dhiat forad AO4répdts drom an
slots 304 passes through a substrate 306 from a first substrate surface

o8dRdRIB FabrigyIFRee 298 second substrate surface 312. Slot 304 may
have any suitable dimensions. For example, the slot may have any

[SatEg'e lenoynfg DeRRHESS R AUSH ORGSR RV p?‘?ﬁﬂ‘%:artricllge 202, other

embaodiments having slots in the range of 20,000 microns. Similarly, any

p?fﬁifacl%{ﬁﬁbog}e‘éli%gj%% ‘?ﬁ[ﬁ‘“ﬁlléopﬁqﬁtyﬁeads 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,



axis may be utilized, with many embodiments utilizing slot widths in the
2(?8%9 0 micron range. Both narrower and wider widths are also suitable.
5 In this particular embodiment, substrate 306 comprises silicon
which either may be doped or undoped. Other substrate materials may

blitchidenc? HARRET 188 Janiane BekhiritedtigmivrbapseaidanaalidBhosphide,

phosphide, indium phosphide, glass, quartz, ceramic or other material.

QIQQQ aﬁibgg%f@ia}(%ﬁ?a%%(rMVe any suitable dimensions that are

appropriate for an inten ication. In some embodiments substrate
éﬁbmsses %nb%\ér ni ﬁ%ghn Iesinthan 00 microns tﬁ) Elore than ZORO that ar
9 s, o BRI ATS AP M TR Ben0Y & LRI RRASIons that are
approximately 675 microns thick, though if the current trend toward
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substrates having a thickness of 100-300 microns or less. [00032]
thiplsoesses dimaay Japge o deseubsadlfdremcmpsteunartethan 2000 microns.

embodiments may comprise a substrate that has multiple components
Oheiegeagdanybbnaratiomenthendipishid i pradudisfrateeitzah pte appeozuciately 675

embodiment may employ a substrate having a first component and a

nfiesensl thackificialighrPoRrRedlr whtcidAcHBOMELE thit infuRE APont EblithsLes, future
processing. [00033] One or more thin-film layers 314 may be positioned

eRMETIFErRLTIRAGH ThPh R THAYE Subker ey FRARYAHOUR RECEE 100-300

components, such as heating element 316 and/or piezoelectric crystals,

niansigigrgand electrical

[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

ink.



traces which are not specifically shown. Individual heating elements 316
Z&brz%%ggctrically 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

[(STBBPNENS [FLSHAS cRBERFIREHIS SRS H SiidirO1BF R SitEFOM B GRASHARMpertures
be energized similarly to eject ink. 6 200207108 [00034] In some
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erein, a b.arr!er ayer an orifice layer
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supplied from an individual passageway 326 to a chamber 328. [00035
1 ARK S RASHRUS WRY T K aRSBRAGEYIY ndy 0 detie @Y Bt SHRRliedfrom an

barrier layer 322. Ink may be ejected selectively from a chamber 328 via a
indipdualegspagaivied otk @BOMeMBin orifice layer 324. Nozzles

330 comprise a first nozzle type. A second different nozzle type also is
[ebEr33dd by drdssadayey323Pih awinehamberdirB28tmady tiesdefbediiabdedst in part

the second nozzle type comprises an air purge opening 332 configured to

bg\mtreée Wb'@QiKOWWW?iWehﬂ'@dtéé weldegwippLieRs omitheeBds via a

elow. [00036] In one embodiment filter 318 comprises a generally planer
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cbsfﬁﬁ’rli'géoe{'ﬁys‘?rﬁg?zle type. A second different nozzle type also is defined by
orifice layer 324 in some embodiments. In this embodiment the second nozzle
type 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



thin-film layers 314 prior to completion of slot 304. The photo-imagable

2565831& yer 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
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other aperture shapes and/or sizes. In one’such example a stainless steel

cgljjfsif 2y frsutlized d90R3dipdividya! ?é‘“émﬁgﬁ%ﬁ?ﬁé”ﬁ% %@fé@%@n@g 326 and

ioned within or proximate to an individual chamber 3
mbodi ts chamber(s) 328 7 200207108 y he defined, at least in
AR e S oG AT a2 e B! by the
also possible. In this embodiment passageway 326 and chamber 328 are

sicillesk RrSAR aI5ids 1A @ SHERRIP HEORILBHIAYEN by BRENgKkilayer 322 may

artisan, this is but one suitable configuration. Barrier layer 322 may
CeBiapEecaAP0H @ Bitlemaiaténlals aditatanad® BatertialiaLshcrs aspnoto-imagable
photo-imagable polymer substrate, however, other material may be
potijized . SWENRRE | Mowe \anmibenemdterifiteniay e 2R izethprises a nickel
substrate. In another embodiment orifice layer 324 is the same material

[Gooleg barrierdayes. eflifouafiens G1ieee maxbeiarmadpaepoAtaTtkel Haystrate.
be attached upon the preceding layers. The configuration given here is

1P 4h BRI PRRTTIGI AR IR ta e X RAUS Wyae HHEIEFAVSS the barrier layer.

embodiment, orifice layer 324 ahd barrier layer 322 comprise a single
TSl Rk RRAP R e BsHte R R HRTAHAER Uon the
preceding layers. The configuration given here is but one possible 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, 49, 4i, 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, 4l 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 is 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.



3. Figs. 4a, 4c, 4e, 4q, 4i, 4k, 4m and 4o illustrate cut-away
Zéi%bgj-gectional views taken transverse to slot 304 along the x-axis. Figs.
, 8 4f, 4h, 4j, 41 and 4n llustrate top views of a portion of print head
204 taken along a xy-plane. [00040] Figs. 4a-4b illustrate a portion of a

Alviehagitelyesengingibran o4 /B cHIAYARfieadaR30may be utilized,

Passageway 326 defines a portion of fluid path f and is fluidly coupled to

RS IHIH%%? HERI L YRR B REf0R¢8 and slot 304 through
apertu

res 320 and passageway-to-chamber opening 400. [00041]

res 320 are configured tg allaw ink into passa y 326 from slot .
ISB5% s b RG5O SR R A ey tircular
Other embodiments may utilize more or less apertures to supply a i
WAL Y IRWRS, trans w8 A00aU Ikl RAHAfiv efyPSF RS AAMAVE R IBORIRF da, which
configurations also may be utilized, examples of which will be discussed
i@y epbodimantis appraimaielnahodtd aperenssues geeegppally to
circular when viewed transverse to fluid path f. Apertures 320 have a
fldiemheadr d1, Wbrein iroperiegsbsulimest éperipresiBizielyiibbetdescicheaswith a
measured orthogonally to fluid path f. Herein, openings such as apertures

sﬁ%@ewdimr@%rib@ﬁwMﬁr@g singipigtensigrreonigperardjarsetpicular when
wne

re the opening is circular when viewed transverse fluid path f. Other
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a height or a width and a length each taken™ orthogonal to a respective
o A 5 B X RN e
orthogonal to a respective portion of fluid path f passing through the opening.
The respective portion of the fluid path may 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 d; 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

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

332.



of the opening. [00043] In the embodiment of FIGS. 4a and 4b
»B3ssageway 326 and chamber 328 are defined by barrier layer 322.
0zzle 330 and air purge opening 332 are defined in orifice layer 324. In
this particular embodiment passageway 326 may have a generally

[RRRSipNt heiglyA3:08 3P aHS ATIRKIEPF dEXARIRIe FObret BRI HEHEHCASout 15

are described below in relation to Fig. 6. [00044] Passageway-to-chamber
. : badi st o
e L R one P By 576 b, A A Btends
assageway-to-chamber opening 400 to a second width d4 which in one
o DA S0 e ARURITER B e DS RO G s about
200207108 [00045] Nozzle 330 has a diameter d5, which in one
18 Y6t Atgaskke (RS SHAESB AREROAS PPEig AARRISdB e ANiQWaTsHrase 401
purge opening 332 extends along a bore axis bl and has a first diameter
ofier iR thaiyes F2 embb st Roghvant i@ midroe O pesdra 33 rlpe s a second

the bore axis and proximate an outer surface 401 of orifice layer 324. In
latgsrechiaotkiee nd-ainvyhice bpanegeddodisnenasis aboah®0argerons measured
diameter d7, which in one embodiment is about 20 microns measured

pRoRifRABE NneessHHesadD3Pbafiteddpyerd24. [00046] While in the
embodiment of Figs. 4a and 4b apertures 320, nozzle 330 and air purge

SO0 2 PO A PSS Uy e 2o, ol
330 and air purge opening 332 are generally depicted as being circular, other
suitable embodiments may utilize other geometric shapes such as rectangular and
elliptical shapes 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



elliptical shapes among others. [00047] During operation, ink, not
ZC?O%LH'[HgaIIy 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

SGHRETRANE SR/ HHHed the Rasec vRloP ppTessRB.R 8es afiCfuithmitkface a

forms a men_iscus 403a, 403b over _nozzle 3_3 an_d air purge _opening
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ject lectively.f hamber 328 b jye.heafi
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to the heatin% element and contained in the chamber. Vaporization of ink
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When the pressure within the chamber becomes 10 200207108 sufficient

OthasvepnsatIeREasurfies ©XIPInaspiee Jerarer ateraiofiuide Hidtfaaersases, the
droplet of ink 404 is ejected from the chamber's nozzle 330 as illustrated

solubditylef Gaflesvinghejenkiaeorkaseterdsrarabelt, 378 esnd/memiseumaadation in
is reformed. [00049] Energizing ink to cause ejection from the chamber
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the ink increases, the solubility of gases in the ink decreases. As a result,
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nd associated passageway 326.

tr%uﬁ'ﬁﬁtsﬂggji.s %%%P%c%%@spﬁ:%; 'E)%V\ﬂ?eu%%rmﬁo%cf%(j:@ss in the chamber,

“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, dg
which in one embodiment are 5 microns and 8 microns respectively. The smallest
dimensional constraint proximate the bubbles is passageway width ds, 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 406¢. 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 dz begins to constrain the bubble from expanding in the

11



the print head. Other sources may be the vaporization process in the
1Ei)?er, "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,

x HRPAVRARBICEAE SRS tEISIHINNOTE PRIEAT BXpAhE" M IHBIGTEIMGEAoN and

8 microns respectively. The smallest dimensional constraint proximate
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microns. bles are ergy configuration
ally approximating,a er §ased upon the cross-sectional_area of
B ey O R it 100 AL D e iy Bl the
illustrated bubbles (406a, 406b) have grown and/or have coalesced along
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diameter d9 of approximately 10 microns which is similar to the
apassayanthytbaviath dBIFgoxiPRatiNBe Bubbef. Ipasspavily Sahtinubicko is less
grow, width d3 begins to constrain the bubble from expanding in the 11
cansPANIIGR i thedxzdiimenssionaaddataves ththbuhldle o tacinstesd maqrarspherical
in the y dimension and therefore deform from a generally spherical

cehfiBarafierS2rheiesning Pubieriing corsemaydbvingeRiee rigd. mgysh where
move the bubble along passageway 326 away from

bBBBRAZBBEHAO 1RBIEPAIPRGHESh %a?@@ﬁ&%grﬁ‘ﬁ@imgﬁm?ﬁ?&é%gening

end of passageway 326 which is léss constraining in the x-dimension an

o B A TR BB B8 S o
dg of about 15 microns which is similar to the passageway's width proximate
bubble 406c.

[00053] As bubble 406c 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 dg 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 is 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.
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bubble 406¢c has moved along passageway 326 toward the wider air
Z@Léégﬁogpening end of the passageway. As illustrated in Figs. 4g-4h,
ubble 406¢ has a diameter d9 of about 15 microns which is similar to the
passageway's width proximate bubble 406c. [00053] As bubble 406¢

®Suiues to KXRARG HE JEBRI]IFNGR. canaT aish ROADBE R4S BHAYIAE to expand
driving force for the bubble. As may be seen in Figs. 4i-4j in this instance

D S A B e R ey

has a diameter d9 qf about 20 microns and is Igcated, at the least
o ARG S 0 2 T o S0 AN R Rl O iible 406¢ has

the largest spherical shape it may, given the x, z constraints of
[00088] geway 3P EEGELIHNEIISu ARl 5%*9'%6\%% BVFRBHMEER F¥Ygjong the
balance between the radius of curvature experienced in the three (X, y,

ydhmgneiiafebacniowatdithersbaambes ant @ hioet passapeByLBES grdilth ieeaches

towards the chamber (in y-axis) towards the air purge opening (z-axis),
avptirthevbebb ith s qedd sap equaiibiveoone shese dvwoo pstmctiy ediractianstber opening
growth. 12 200207108 [00054] As may be seen in Figs. 4k-41, bubble

adgoNasteotiinurpbiveexPrRNEh RN drisuisdped iy theslienaosengows toward the

constraints of passageway 326 to expand in the y and z-dimensions and

cREAHER 30 BTRHIME hiIRNERPELHSRiBRREMY NS DabsagERRAY RS WM Require

bubble 406¢c may continue to grow along the y-dimension back toward the

tﬁ:@%ﬂ%%?g%?sfﬂ% %ﬁ?ﬁgﬁ%‘?"&ﬁ?érﬁ%‘ss&'?g'tﬁéﬁ %%%%ding into air purge opening

332 and overcoming the surface tension and pressure at the air fluid interface. In
this particular embodiment such a point may occur where the passageway's width
Is less than or equal to the air purge opening's diameter de. In some embodiments
this may occur where the passageway's width is somewhat less than the width dg
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

13



a point where the passageway becomes more constrictive than another

5 ﬂl available to the bubble. In this embodiment bubble 406¢c grows
oward the chamber 328 until continued expansion down the passageway
326 would require the bubble to assume a higher energy state than

NRYPBECAE IFAEeDRUINE QRRNEY Pra3sBRE! O TROSANGHRRSHHEASEISRSIAN some

and pressure at the air fluid interface. In this particular embodiment such

ethBH?HEﬁbé CFFHHQ%@ﬁﬁ.@‘gﬁ@?ﬁ%@%@ﬁégﬁ%@ﬁﬁdm%FH@%tﬂ mes to

e alr purge opehning’s di n so ents this ma
occur where the passageway's width is somewhat less than the width,d6
ClAl A e SULR-O, SR e Tl ool Y g e bubble.
enough to distend the bubble into the air purge opening and to overcome
MigaiteisistARh KRTQFBS, BRFRCNS BB MOBEIEONIRIEY B IR dRRYEIGHElTOM the
bubble achieves a sufficiently high energy state to overcome the surface

prémsheads Madididignabbpbblesdarhe badrtpcesataay the egpatetbecomes

great enough to overcome the surface tension of the meniscus, the
[0BeBrdcus willnihesléralbodintettie gas/anentraviodothexpablerioodvadudiele in a
or to be expelled from the print head through the air purge opening 332.

dElpe Hinsctiensheriprintshaad 306rafier thefusabaags riscurtestliVed by

air purge opening 332 and meniscus 403b has reformed. Expulsion of the

pPRABIR oL ARAPEARR R R fardlitaias tndh eapeRlligRoRiERR S Qhd 6‘51rages a

proximate the bubble. In some embodiments firing heating element 31

oA A SRR TR o MR of e s
into a less constraining region. In this particular embodiment the more
constraining region is proximate the chamber and the less constraining region is
proximate the air purge opening. This embodiment also selects relative
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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Meniscus 403b reforms once the gas comprising the bubble is purged
255%91%{%(3 print head. If additional bubbles form, the process may be

repeated. [00057] In this embodiments movement and/or expansion of a

bubble in a desired direction within a space such as a passageway may

pBRidFNiBYeSHRYhEr MRt RINE WURNTBREWHNReiBSARCRRBFIRBES With one

otherwise encourages a bubble to move and/or to expand from a more

eRRITABH ' g 8hNAMAGEs MO G ESIGAMIA VRGBS IAdfidn of the

particular embodiment the more constraining region IS proximate the

chamber and.the less constraining regiqn js. prpximate the air purge i
CSR DY TG eAEAIeS ST TRTer Simahalbr & SPE R guith one

leading into and out of the passageway to foster bubbles to pass through .
emhedireatpehildg andIBISHateABUGR MY SiehiRgeion: plurhe wisanpigry fluid

332 has relatively larger dimensions when compared to apertures 320 and
ejpetioasdeigen dhusiratrthindrigpeailiyagoordanaanvd thudiReagnstisitits 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

[6besal Purgeipgiing: BRG] F383a 2xtehitlsi shitggeveiRt exeyeplapigibetween

purge opening configurations. [00059] Figs. 5a-5¢ show one embodiment

aJiRALAEIRC0R8RE 338R ol @ﬁ’eiféfg?g?ﬁf?%igg%%c%i%% andfalong bore

illustrates a cut-away perspective view 207108 portion o

2RI AP GO MAR\ P HESTRY 'S HI A SRTARBSOMAN iFrice layer 324a is
configured for second surface 402a to be positioned toward a print head's barrier
layer as described above in relation to Fig. 3.

[00061] In this embodiment air purge opening 332a is generally frusto-
conical shaped. 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 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. 5¢c. 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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embodiment. Fig. 5b illustrates a cross-sectional view of a portion of the
2(?0)58?11&!“3/ fluid ejection device illustrated in Fig. 5a in accordance with

one ‘embodiment. Fig. 5c¢ illustrates a top view of a portion of the

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

[ SMbodirpaiy. KHNSEUMPAHIOR RPRAING EPMBRINIABAS JiraHIPRPECEpening

layer'324a between a first surface 401a and a second generally opposing

5 : . ¢ :

o R S W SRS D 1 IpRI ey a0
be positioned toward a print head's barrier layer as crihed above in

DR 4 UL U LB P ety S s Se-5f.
generally frusto- conical shaped. Other exemplary shapes include )

Figsmrpmdrid S BatEI-vieuse g IEHRTIihRel Anfdds cAers. mssHVRly. In this
may be appreciated from Figs. 5b-5c, ink 506 may get trapped within air

eplo@idsanialy REPZEVARENIAD SN balssried a0 b watFgEIesbveidh at least
expands into the air purge opening. Ink 506 may be trapped proximate

oseccayulllsnyfaegidf2810henlhuthivée etfbddmEnt deintraltire o &@e is generally
opening 332a and generally conforms to the circular shape of the air

fiRIdtOCORRAINSHAP st aahBeeS@aTII TS §i¢ thek Phcsapper I2AheatdhnpUbgee axis
opening 332a may increase in some instances the pressure sufficient to

b%"‘%fﬁﬁﬂ]ﬁr PedfiblRen oty Pé&ﬁsﬁéﬁ%aﬂh?rﬁglf%ﬂdom%@@er 324b. In

lternatively or additionally, the trapped ink may be expelled from a print

8 AHERiTER VBRI R PR M TEE R RS ST R PréenaRR A6t Wirace 4010

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 406e 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-5i 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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[00063] Figs. 5d-5f show an alternative embodiment of air purge opening
Z@Qﬂﬁ)%ration that tends to allow ink to evacuate from air purge opening
ack into the print head in the presence of bubble 406e shown in
Figs. 5e-5f. Figs. 5d-5f illustrate views similar to those of Figs. 5a-5¢

gERRPRF VAN 1D Bt RISRAENERIraIrRYIER 908RINY JA2MRASToBRMRht rib 512

region 508 joined with at least one capillary region 510. In this

O B R S R gy rovice

region 510 extends at least part way through orifice layer 324b. In this
S'&Pﬂ%fHH&Hf’ 'E%F Hlary region 510 extends entirely between first surface

401b_and second surface 402b. In this embodiment capillary region 510
[05RNally apfBRoARES D PECES QM Rler S0 1Er ShysaUsBPUPBlAGAOS to

a similar functionality. [00064] As may be appreciated from Fig. 5f, bubble
agBBaEheet BNpHng WhithceavasrtybeBOBaBLTegineral ClodslAbt far ink to

capillary region 510 which provides a path for ink 506 to evacuate back
epastidbestkrface 401b into the overlying portions of a print head.

Providing an evacuation path for the ink may allow bubble 406e to more

[Goihy to oveTgRmRilileisitiegs seasiNracsypigeBirResultgbirdlkiturge opening
interface and prevent expulsion of ink from air purge opening 332.

C[)Qﬁghﬁﬁhﬁ% ﬁg@b@t‘lﬂwi%@dadditional embodiment of an air purge
in I

opening configufation that tends to allow ink to evacuate from air purge

(R 352l o A R S IGSRIS =018 N .

hi diment ai ing 332c h tral 508a. A rib
Py Bedment e putde QReNIN 3825 TSP BEEM RIS S0 tha

illustrated 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 barrier
layer 322a and positioned on opposing sides of slot 304a is supplied via a
common passageway 326a. Ink is supplied along fluid path f from slot 304a 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 dig
proximate chamber 328a is less than height dy; 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 dj, to the value at dy. 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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16 200207108 generally at 512 extends into central region 508a. . In this
) iment rib 512 generally approximates a portion of a cylinder. Other

shapes may provide a similar functionality. [00066] As may be

appreciated from Fig. 5i, rib 512 causes bubble 406f to assume a

aéﬁ@ﬁé"é%ﬁ@r@d‘}%ﬂi&&%@}?ﬁ%‘@% Iﬁ%@eﬂleﬂécﬁ?&ﬁbwe‘?@afl‘?ﬁ%éotaper in the

evacuate along. artisan should recognize othe

rRHEIB AR APSTgAYRIARENS IRAbEirsehdR000E] Figs.

ustrate another exemplary print iguration.
il tes a ss-sectional view of print head 204a similar-to.that
(7 e P e ol U A i RIS
illustrated in Fig. 4b. In this embodiment a pair of chambers 328a, 328b

brbaless [RdsseHaN 15R Pa53agaN@R SQiTBAKE BRUBPILiRYRRISS Iovigsd air purge

304a is supplied via a common passageway 326a. Ink is supplied along
opanightB3IZebm Slar Jektiveo dpassaisagiz e fifonyroapepeniRg3goaourage
formed in filter 318a. Nozzles 330a, 330b are positioned below chambers

baBBkes3 28berd s peasdaeigvDP (G A nhaoygir gthe panimu BR2 d e piogjticatdr than

along passageway 326a between chambers 328a, 328b. In this

tiRR§s e apdherea SageyYar® riothgkhpepBPgMate chamber 328a is
less than height d11 proximate air purge opening 332d. The

S oo b Soan aierdperaon
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 d3 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;o of 10 microns in
the z-direction and width di4 of 20 microns in the x-direction. Passageway-to-
chamber opening height dimension do of 10 microns is more constraining than the
15 micron diameter d,3 of air purge opening 332a. Likewise, 10 micron diameter
dy, 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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particular embodiment the orifice layer's inner surface 402d is patterned
26&%!@? a gray-scale etch to achieve the tapered configuration. Other

embodiments may 17 200207108 achieve a tapered passageway height

in the z-direction by creating the taper in the filter 318a, thin-films 314a

Faqder sHRRaiRcHiimamonstAEiessdO0 tAeto8 [RrakR@ WA iaHEHOD ofurther

passageway 326a tends to cause bubbles located in the passageway to

g : 03 ; _
eflColfrae né‘g‘aﬁf)ﬁ?ﬁ?ﬁfﬂ%%%}fg% RPSABE 3aaftorl 16 1SIRUKA toward  air

g encourage bubbles to exit
assagewa through the air purge, opening rather than through the
o R B 20 R et SRR GREHh, T s embociment,
apertures 320a extend through filter 318a along fluid path f and have a
[Qﬁ%l?ﬁ’éter d1% 6?%9%‘{6)/0@@&%8%35%!‘@%rﬁaed?ém&ep%ﬁfég%W%'to'Chamber

microns taken along the air purge opening's bore axis b5. The air purge
oppekiggdaitheteisdnarre\wrsateanhitp widhst onprexintinteraiignat air purge
leading from passageway-to-chamber opening 400a. In this particular

opemogir@datthe Tihas pagsageyvay ctepaise bepeedny thiesenbiomsvaboepriseSuch a
height d10 of 10 microns in the z-direction and width d14 of 20 microns in

cmﬁigtﬂﬁﬁéﬁpm@a}ﬁm@wmum@hﬁwéﬁﬁmqawmqi%hﬂirp@?f%pdﬂm@f332d.

10 microns is more constraining than the 15 micron diameter d13 of air

ARUEEE PRAIBIRY cHitthidk oM SFol? WI%OBLHL%‘F@S%?&H%%W?%W grow

IS more constraining than the air purge opening's I5 microns. As a result,

e T R
pgsassasgae eX;V/aé(été)B along the y-axis toward air purge opening 332d until it distends
into air purge opening 332d and overcomes its meniscus. At this point the bubble
may purge from the system through the air purge opening.

[00074] Figs. 7-7a illustrate still another exemplary print head configuration.
Fig. 7 illustrates a top view of filter 318b, barrier layer 322b and orifice layer
324b without the overlying substrate. For the purposes of illustration, filter 318b
is shown partially cut-away. Fig. 7a shows a somewhat enlarged view of a portion
of the components as indicated in Fig. 7.

[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 dig that is larger than a
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chamber opening 400a. [00072] Fig. 6b illustrates an alternative
HBEsAgeway configuration which may aid in moving bubbles toward air

purge opening 332d. This particular embodiment maintains the tapered

passageway height described in relation to 18 200207108 Fig. 6. This

dameine, forthrs st eRrRRARARRSRAL WRYMAGHT B furfhehis embodiment

encourage a bubble in passageway 326b to move and/or to expand
w i 1QL i 3 ay,from.c er . :

RS AR Y e e

0 enin\% 400Db that is narrower than its width dlﬁ %i/o imate to ang at air t
pﬁgﬁ%%e BENMEERI2ACYRY &E&%&% tapard B keS8 wo Yafsay-10-

Such a configuration may promote bubble movement toward the air purge
CopRRRIELEASIAR the GABBIESES RIS @Y row with out-gassing or

coalescing it will grow toward the largest dimension in the system. So the
[M656le growéwiathibleHidfaisedaoBb Mong aibeyvdise anoHrs Hir guigeividual

opening 332d until it distends into air purge opening 332d and overcomes

pissagavisguS28bthisypanowhesboblde wity pomyadsairottgasgstgnahdougt favor
the air purge opening. [00074] Figs. 7-7a illustrate still another exemplary

eRItdapcosRinfigw agieenifdg intdIustraigs aftomigusshiianglBlvimyrigle least
layer 322b and orifice layer 324b without the overlying substrate. For the

cBHERPSETCTIHTHRHAN FHRISRIGY 1S PRRWR BRGNS AYtdiE: 42 generally
shows a somewhat enlarged view of a portion of the components as

um%??ﬁe&épaﬁé% df 20 microns in the z-direction as defined between orifice layer
324b and filter 318b. As such, the least constrictive opening comprises a
manifold-to-passageway opening 704. Bubble 406c¢ constrained in passageway
326b will tend to move through manifold-to-passageway opening 704 when a
sufficient energy state is reached. Bubble 406c 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 d,, of 9 microns. Air purge opening 332e having a diameter d,; of 15

microns may provide the largest dimensional opening available to the bubbles as
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[00075] This embodiment employs a manifold region 702 formed in barrier
(# & 2b. Manifold region 702 may receive ink through apertures 320b.
2 1 P

nk may enter an individual passageway 326b from one or more
openings. Examples of openings, in various embodiments, may include

tHRPATEAIES1 49k Retn 3R itakloaRaSRARRMEYIRPEY itk 1UbBRI 850 bubbles in the

passageway-to-passageway opening 706. Manifold-to-passageway

nﬁ?ﬁf@l’@ %@jg@mgﬂgggﬁﬁmwmm ﬁé%ifﬁﬂ‘r@g%%ﬂ%%%% mensional

mension eway-to-passageway openin 6. In this
emlﬁodirtnent th manifold-tﬁg]assa%ewa dimensionni%g is about 12
O P Kt e TR AL AR ST '£s‘&§8®89%?!ﬂ8 161°d19 is about 9
microns. Passageway-to- chamber dimensjon d20 comprises 10 microns.

[46005%6] A buUbbR (AHETS3YARBRGHIPEBHHRRES JRaY: §f HANReRAdyihout an

passageway 326b may grow, such as with continued outgassing, and will
araporgeemeg itgolgateatopnratptie dinoengipiseojdbeapsniyghaniagageout of

least constrictive minimum dimension. This embodiment maintains a
ageEassagityvaynifoay oéssatertant 89 poigertkerbitshieslicedttmmnespattireedozzle. By

between orifice layer 324b and filter 318b. As such, the least constrictive

nekeAYareomiYageRayrthidritepafisaeeiey apeainy 4 nBrreleifPhcter d.,,
constrained in passageway 326b will tend to move through

Idf‘@é?ifﬂiﬁﬁoﬂ@%%ﬁ&ew&ééé’@&%{f Jﬁﬁm%@%écﬁ%gcﬂﬁé‘trﬁﬁﬁfﬂﬁ FDissageway

reached. Bubble 406c will hot ténd'to migrate between adjacent

OB LT RIS SRS AT s gl e
cg}]es,trrri]cz:it%i(gondﬁt%e passageway may migrate out through the nozzle without
migrating into adjacent passageways and potentially occluding ink flow therein.
[00079] Fig. 8 illustrates an embodiment similar to that shown in Fig. 7. In
this view orifice layer 324e underlies barrier layer 322c which underlies filter
318c. In this embodiment apertures 320c are positioned over passageways 326c¢
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 326c¢ 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 326¢c 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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passageway opening 704. [00077] In this embodiment manifold region
2&)%751 a width d21 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

TRORAGRAEDANTAYN CBAtFINIECepSHiaIRthMgNadasLaleAk flow to the

manifold-to-passageway openings 704 or through apertures 320b which
' t [ ir.pur | e having a
Cﬂ@@ﬁéﬁﬁ?@%@&%ﬁ%@n@ %@@?&mi@g tﬁéﬁg@;}gﬁrﬁﬁhsionm opening
avajlable to bubbles as 207108 the manifold is filled,in the x-
T recudie (YRR Wt RS R PH T BE ARy TG Fbyng on the
may expand within the manifold region until the dimensional constraints.
ORSIAlENGh SRt R ethe P HRp GRYE EiSEning 898 . [b80PEINK SArtridge is used
alternative embodiment bubbles may be managed without an air purge
pefieding!yndteamay SRy Ot MmN Sioiss RICKENGIR AMEY iptBgmaAnsHRY. Some
a passageway may be selected to purge the bubbles out a respective
emimxdemBytsTakin @ tsetoassabeingyhestingnebemdimhensathai2énangizivey device
nozzle diameter d24 larger than the other passageway openings such as

proRimatifaleiie-pagsae peaygo PRt ZiApariient may be energized from time
passageway-to-passageway openings 706 a bubble when constricted in

tSNGRRSSEIHVAY AR FRC P THOAININ D AGFHRItOOEF DIYERURNE station.

Into adjac_ent passageways and pof[entlally_ oc_:cludlng ink flow t_here_ln.
ELa o B AR S L Bt RS LR e or

filter . . : : : : :
drlae%lrmk proximate the air purge opening which may otherwise begin to obstruct

the air purge opening.

[00082] While specific examples of suitable dimensions are provided 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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318c. In this embodiment apertures 320c are positioned over
2®§8§1aogeways 326¢ as well as over the manifold region 702a. The
Imensions are identical to those recited in relation to Fig. 7 so bubbles
tend to migrate from the passageways 326¢ into the manifold region

tPSDER (AT EAsHaHRR PRERRARVAY RSB0 AUBTRIG T ARBHHIRF SRS define a

Once in the manifold region 702a, bubbles migrate out of air purge

i f r ck.] geways. [00080] In this
S[Z%%Eﬂ?%ﬁeaﬁ In |v%aﬁ§§e@§g%§§v§é§%§%§%rgay receive ink through
riures 320c positioned over the passageway and/or from adjacent
G ey DR S S RAE T S ey P 5H hennarre through
region 702a. 21200207108 This configuration may contribute to
WHIGRHKIHG WaeddnK IR PR BRI EERMIHRRSSPS Y QeRdRB StEHEture to cause
bubble in the manifold region. [00081] The incidence of bubbles in a print
OHtgasTHgY Anthyrersitandiby i ase Toischathijestanay dremaanagedyiayenosefully
When the print cartridge is used periodically, ink may solidify or may crust
seletingatthanrelatpuegsi oo amd gsBpmefethboolperingsntay plesititon théirisgace in
heating element or other energizing device proximate an air purge

contiigion & NRatRGRBIT tha R engraizedaiigietime rrayimeaveiaiong the
as when the print head is positioned over a service station. Energizing the

fIREGHRE ISARE T R SJPEhIBK YHYCHIRY BKPEYRTY Fﬁ‘é%t%ﬁé?ﬁrf%i‘éﬁd”hay exit

proximate the air purgé opening which may otherwise begin to obstruct

tlﬂ?ﬁ@;ﬁs%%g@gﬁeeg%%ﬁé%pgéoz\g}réwgik?pgﬁﬁ%ﬁﬁa%ﬁaﬁ'Blﬁ%ﬁfrﬁﬂﬁ?lalﬁnension larger

than a minimum dimension of either of the first and second openings may allow
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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for the purposes of explanation, the skilled artisan should recognize that
268@:B¥(§°ther 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

[GopsEt head. LRt G amP YRR HaRBIR MR/ 3aEEdR4BAIRTINN language

other'ways and/or in other locations. For example one suitable

sﬁ)&?ﬁﬁ’gﬂ‘ﬁm}ﬂﬁ%ﬁ Feg aﬁﬁw%mq@?@@%&%ﬁ " ¥ BV tood that

eed path. Another may position air
urge openings at either end of the nozzle columng shown.in Figs 7&8.
e B TR D& At E A BITPAL R B8 e AP Rrgas or steps
contained in ink subsequently supplied to the print head by producing a
dBRHHNE thro BGHNRLIEIR SREH MR Renths0al BlRgRssIgedas forms of
1200207108 through localized heating of the ink. The structure may be
irppigimerdationdefine a space through which the fluid-feed path passes.
[00084] In one such embodiment a structure may define a space through
which ink 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 coupled to the space in combination with the shape of the
space. For example ink may travel along the fluid-feed path and may
enter the space through a first opening and may exit through a second
opening. A third opening having a minimum dimension larger than a
minimum dimension of either of the first and second openings may allow
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bubbles to exit the space and further to be effectively separated from the
268 JEQS 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 bubble&[\ wt head or other fluid ejection
device. The bubbles may be managed by controlling the relative
imensions of apening leading into or out of a space such as an ink-feed
Vg@%%%g%?ﬁ‘)& % e embodiments utilize an air purge opening as one of
the openings and select relative dimensions which promote migration of a

Lhubbl& R gieFHoR; dsvieR CPBRNRIMiher than other openings. 23
200207108 [00086] Although the inventive concepts have been described
in language specific to structural features and methodological steps, it is
to be &fHEFRRSE S ERAIotEchispRIsab il idiATORIE Y ABEB &BARZ Ifnited to
the specific features or steps described. Rather, the specific features and

steps are disclosed as forms of implementation. 24 200207108 CLAIMS
What &sTHushfegdgrassageway 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 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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1. A fluid ejection device comprising: a chamber configured to eject fluid
Zﬂmﬂ%gs through a nozzle; a fluid-feed passageway configured to supply
uid to the chamber through a first opening and configured to receive fluid
through at least a second different opening; and, a third opening coupled

4Wwith th?]@“fﬂlfﬁeﬂé@ﬁﬁ@%wééwfe&a‘ih@ fuigyHerirPassaRNYDpENiIng extends
e

further configured to constrain bubbles to form into a large bubble until a
. ot :
D B O B e R A3 ong o
The flujd ejection deyice of claim 1, wherein the third opening extends to_.
SCPBALEr S o1 e HErd LB RS RO W AIERane RO ecgrds and
are ejected. 3. The fluid ejection device of claim 1, wherein the third .
WHISERIRG SBIRBAYEY dﬁﬁ%ﬁé%%ffg}ﬁ%@rﬁw%%m@ﬁ%?ﬁﬁ%@wi@éhe third
4. The fluid ejection device of claim 1, wherein the first opening extends
barengdirts yeaiexistaa thenalbagih shasngianfepéntspdiislg st taken
along a second bore axis and the third opening extends along a third bore

oetkisgomal by hiereimeafimibibann alkiseastba ohthentbimd dpeensigoralathe at least a
orthogonally to the third bore axis is greater than a minimum dimension of

séeerfspenintikekes thoheaanaty tackediisd beie axis.and a minimum

dimension of the at least a

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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second opening taken orthogonally to the second bore axis. 5. The fluid
2@4?0%8@ device of claim 1, where the fluid-feed passageway narrows in
Imension 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

1&gio%ﬁlﬁae‘éj&' Oﬁwﬁ&d&ﬁﬁﬁf%ﬁ@am 1, wherein the third opening

comprises a central region an ‘The fluid ejection device of claim
1, wherein the air purge opening is positioned over the fluid-feed

pass T id-giegti ' ' i '
N R AT RO, oo 5 ke o e
configured t%e'egct.ﬂuﬁj thr L@h a nozzle in a surface of the fluid ejecting
device; a flui Lé &88 Q%gj% ﬁﬁgured to receive fluid through at least a

first opening and to deliver fluid through at least a second different

o R AR AR s

constrain bubbles to form into a large bubble until a driving force .
associated viREMBda#GE Haoerliver 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 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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causes the large bubble to be expelled by the means for removing
2(&38?{'&88 through an air purge opening formed through an outer surface of
e fluid ejection device. 11. The fluid ejection device of claim 10, wherein
the means for removing is configured to remove the bubbles through the

surfagefilid AeBdiheissdienAeuiag faRP Heiaf P At POV of chambers
configured to eject fluid; 27 200207108 a fluid-feed passageway

extending 9%?ﬁ%%ﬁﬁgﬁ’%ﬁgog%ﬁmﬂhﬂM@fpéfpgi‘:@l’l’ém‘b@g fBrough a pair

supply fluid e pai rough a pair of openings; and, at
least one other opening interposed along the passageway and through an
outer surfacé’egf)é)‘?glﬂm% é‘fé ion device to remove air from the fluid
ejection device where the fluid-feed passageway is further configured to

S0 EA AHo el oA M B ETE PACEA AR LG SRRy e rough an
expelled out of the at least one other.opening. 13. The fluid ejection

device of clafften SWHassiPihEaufliidetipriQnagiaviseidogrsiBRyR, air from the
tapered from the openings toward the at least one other opening. 14. The

fluid ejectionfliddicejedtinaindavdcanuhere theef floitéeppapssspanupyhas durther
first dimension measured orthogonally to a length between the openings

that is less tbemfigsmwbiol domsinsioramdasivled totfogunaity ta thegeagtibubble

and
until a driving force 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 s and orthogonally to

the first dimension that is less than a fourth dimension measured orthogonally to
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proximate the at least one other opening. 15. The fluid ejection device of
im 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

te8 IRAGHD ahaSoftiliialinaes atheadirllimEngisacand Prowinsies ardat least

proximate the at least one other opening. 16. The fluid ejection device of

' {n the pair of chambers are configured to eject fluid
0&1@%‘%&%’?@@ nozzles formed in an orifice layer, and wherein the at

least one other opening comprises a second type nozzle formed in the
orifice layer. 17. The fluid ejection device of claim 14, wherein the one
other opening .comprises a central region and a capillary region. 18. The

Luid e]QioHIISh G UPRIARNIER, QAN the. NBESMBY Py OF chambers are

comprises a central region and a rib formed thereon. 19. A fluid ejection
caafligeredripaianyflaitetisounb Enaniype fopzgtasifaymed vecaiastfisphgyar, and
fluid-feed path; the fluid-feed path extending through a first opening into a

wherkirdtie padsageorsy athdrimpethiadgtamiperstsrawgic@ndetypednozeleigrmed in
wherein the first opening has a minimum dimension measured

tithatienatlyde the fluid-feed path that is less than a minimum dimension
of the second opening; and,

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

comprises a central region and a capillary 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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29 200207108 an air purge opening extending along a bore axis and
Z&%j,l (goupled to the fluid-feed passageway, the air purge opening being

ormed through an outer surface of the fluid ejection device, and wherein

the air purge opening has a minimum dimension measured orthogonally

0 theReiP GigO bR RIG RXEANARGHMHE AUErE &S BHPA Ay BEURER O the

dimension of the second opening where the fluid-feed passageway is

further confi 1 g&%tg inai les, t Tqiran i

until a drivingwo%gg%g oua?gg\%)v%ﬁ#ﬁg %ﬁg%d%?@%&@digsﬁég Fm%ithrough

air bubble to be expelled out of aig, purge apening. 20. The flui . .

cjection devh SF B Ea e AL TFCLOT LEVA ey tigergin the air

from a relatively wide region located proximate the air purge opening to a

relatively naRHIBS<RSAITNR Xeti 314N R A BNRGSI8pRers Wivd sdRpagnally to

the chamber. 21. The fluid ejection device of claim 19, wherein the

fluid-feed pai¥adeteyaxH b fgnairrdiafigeopeoingdiuat I6ageepter than the

proximate the air purge opening to a first relatively narrow region located

distal the airpimgawpedinteasidproXinn Sexoinct apemimg wittepbes fluid-feed

from the relatively wide region to a second relatively narrow region

proximate thgzsesgeW8PeNINE{REr 248 to constrain 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 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
Z@Qm%hses a central region and a capillary region. 23. The fluid ejection
evice of claim 19, wherein the air purge opening comprises a central

region and a rib formed on the central region. 24. A fluid ejection device

200MpIfiaofiaideafi@iuh cheper dpr @igatingoflughitranothe it 99?@@pening

the at least one chamber configured to receive fluid from a fluid-fee

g, th ing fluidl
R L S oA ey, < another

opening configured to remove air from the fluid ejection device; wherein
the fluid-feed passageway tapers from a first dimension at a location
roximate the another opening to a second dimension_at a location )

ZSroxir?FQFe fldideiSeH ApeipNiPt Ofist Rt d Bas¥RgERIMAyRirfHErPUrGE Opening

constraining air bubbles to form into a large air bubble until a driving force
CaByYisated eoitly ahsagioe andbubbléocaissbentibaaedrairegioble to be

expelled out of the another opening. 31 200207108 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

2arthogonally dpeakaTaisvisedshmiighgpening.
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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26. The fluid ejection device of claim 24, wherein the another opening
6&)"} 'hses a central region and a capillary region. 27. The fluid ejection
evice of claim 24, wherein the another opening comprises a central
region and a rib formed on the central region. 32
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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