MANAGING BUBBLES IN A FLUID-DELIVERY DEVICE BACKGROUND [0001] Contaminants, such
as bubbles, can be present in various fluid-delivery or fluid-ejecting devices. In some fluid-delivery
devices contaminants can reduce and/or occlude fluid flow and cause the device to malfunction.
Management of the contaminants can enhance the performance and reliability of the fluid-delivery
device. For these and other reasons, there is a need for the present invention. BRIEF DESCRIPTION

OF THE DRAWINGS [0002} The38M€8 8/BRPREMS 2§ YRS HEIRHIDC WD R-grawings to reference

like features and components wherever possible. The diagrammatic representations shown herein
are for illustrative purposes and may not be to scale. [0003] Fig. 1 shows a front elevational view of an
exemplary printer in accordance with one embodiment. [0004] Fig. 1 a shows a block diagram
illustrating exemplary components of one exemplary printer. [0005] Fig. 2 shows a perspective view of
an exemplary print cartridge in accordance with one embodiment. 1 200311400-1 [0006] Fig. 3 shows
a cross-sectional view of a portion of an exemplary print head as shown in Fig. 2 in accordance with
one embodiment. [0007] Fig. 4 shows an enlarged cross-sectional view of a portion of the exemplary
print head shown in Fig. 3 in accordance with one embodiment. [0008] Fig. 5 shows a front elevational
view of a portion of the exemplary print head ghQwriRdtigy in accordance with one embodiment.
[0009] Fig. 6 shows a top view of an exemplary print head in accordance with

[0001] Contaminants, such as bubbles, can be present in various fluid-delivery or

fluid-gecting devices. In some fluid-delivery devices contaminants can reduce and/or
occlude fluid flow and cause the device to malfunction. Management of the
contaminants can enhance the performance and reliability of the fluid-delivery device.

For these and other reasons, thereis a need for the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0002] The same components are used throughout the drawings to reference like
features and components wherever possible. The diagrammatic representations shown
herein arefor illustrative purposes and may not beto scale.
[0003] Fig. 1 shows afront elevational view of an exemplary printer in
accordance with one embodiment.
[0004] Fig. 1a shows a block diagram illustrating exemplary components of one
exemplary printer.
[0005] Fig. 2 shows a perspective view of an exemplary print cartridge in

accordance with one embodiment.
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one embodiment. [00010] Fig. 7 shows a cross-sectional view taken along a long axis through the

exemplary print head shown in Fig. 6 in accordance with one embodiment. [00011] Fig. 8 shows an

enlarged cross-sectional view of a portion of an exemplary print head in accordance with one

embodiment. [00012] Fig. 9 shows a front elevational view of a portion of the exemplary print head
PP LAB TN

shown in Fig. 8 in°decordancE dit"BNE B BRaRrLeE 1S

"OLRBRER B of an

exemplary print I’i%ﬁ@'a@sﬁ&ﬁﬂmﬁlj‘f‘% YM&&H&E‘JUPMH@%%J&W] Fig. 11 shows a cross-sectional

view taken along a long axis throtgh the exemplary print head shown in Fig. 10 in accordance with
one embodimentd6§i15] Figrid. 2 shenéan 408 ¥ie o REJBcexRIMpEANYf Rtk theasl iReaccordance with
one embodiment. [00016] Fig. 12a shows an enlarged top view of a portion of the exemplary print
head shown in Fiexed®l anyauo tekad seowitiméing & imbomndaene \J0D 00T ¢rRiigdib®8hows a cross-sectional
view taken along a long axis through the exemplary print head shown in Fig. 11 in accordance with

one embodiment/®%h031 146 P ROvE81reike esl Albye! B RMIGBAT RSty RAView of a

portion of the eXﬁergd)lsﬁ% i

Fig. 14 shows a Cross-sec

.he?i\d showdﬂl in Fi.gh 13in caordatmce with one embodiment. [00019]
InFig. 51N raance With,one em en
IOnat vieW o1 A exemplary prlr(ﬁ

[000201 Fig. 15 hqus @ cross:sealianahyipuih an:emplary mintBeas ipcaagusianse with one
embodiment. DETAH-ED DESCRIPTION

one embodiment.

[00010]

Fig. 7 shows a cross-sectional view taken along along axis through the

exemplary print head shown in Fig. 6 in accordance with one embodiment.

[00011]

Fig. 8 shows an enlarged cross-sectional view of a portion of an

exemplary print head in accordance with one embodiment.

[00012]

Fig. 9 shows afront elevational view of a portion of the exemplary print

head shown in Fig. 8 in accordance with one embodiment.

[00013]

Fig. 10 shows atop view of an exemplary print head in accordance with

one embodiment.

[00014]

Fig. 11 shows a cross-sectional view taken along along axis through the

exemplary print head shown in Fig. 10 in accordance with one embodiment.

[00015]

Fig. 12 shows atop view of an exemplary print head in accordance with

one embodiment.

[00016]

Fig. 12a shows an enlarged top view of a portion of the exemplary print

head shown in Fig. 12 in accordance with one embodiment.

[00017]

Fig. 13 shows a cross-sectional view taken along along axis through the

exemplary print head shown in Fig. 11 in accordance with one embodi ment.
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[000211 The embodiments described below pertain to methods and systems for managing bubbles
along a fluid-feed path in a micro electro mechanical systems ("MEMS") device such as a print
cartridge or other fluid delivery device. Several of the described embodiments are provided in the

context of bubble management along, a fluid- feed path of a print cartridge for use in a printing device.
o Such. the terri ST il be e SR TS GESETHIBN Ktk RPN  tihzed n sutable

embodiments. [QQG2ZL PHAKGALIAESS FOFINPSIK SOBIRNRE AGAHLIRRRHAEonnected o a print

head. Ink can be supplied from and/or through the cartridge body along a fluid-feed path to
fluid-ejecting elemenis|containgoiinshaféerRiexRatada Rieetian SBamagisinihirthe print head.
[000231 In some embodiments, the fluid-feed path can comprise one or more fluid-feed channels
("channels"), exampiesrot whictnadhbedoestribed in the context of fluid-feed slots ("slots") and
fluid-feed passageways ("passageways"”). In one embodiment, ink flows through a slot formed in a

substrate into on®Rlore phiskagSIPPs AesTiaRRIGhY ISy <E M S ARPERN RSB PRAR individual ejection

chamber which cont%ins a f.Ithl]id ?'ecgn& ele{nent that can be energized sufficiently to eject ink from
the ejection chariber vqréc%\r’]wejé)cr:] iGN o228 ("nozzle™). 3 200311400-1 [00024] Bubbles can be formed,
among other origins, in the ink as a byproduct of operation of a printing device. For example, bubbles
can be formed as a byproduct of the ejection process in the print printing device's print cartridge.
[00025] If bubbles accumulate along the fhd-f¢edmpptisswebrasnn the slot or passageway(s), they can
occlude ink flow to some or all of the ejection chambers and cause the print head to malfunction.
Some embodimef2dn movEnbEhislesimentsdiesirartd diskati gerta il reetbedthantikeiitenesdfof such a

malfunction. In one such example, bubbles _ _ _
managing bubbles along a fluid-feed path in a micro electro mechanical systems

("MEMS") device such as a print cartridge or other fluid delivery device. Several of the
described embodiments are provided in the context of bubble management along a fluid-
feed path of a print cartridge for usein a printing device. As such, theterm “ink” will be
used in the following description, but other fluids are utilized in suitable embodiments.
[00022] Print cartridges commonly comprise a cartridge body connected to a print
head. Ink can be supplied from and/or through the cartridge body along a fluid-feed path
to fluid-gecting e ements contained in and/or proximate to gection chambers within the
print head.

[00023] In some embodiments, the fluid-feed path can comprise one or more
fluid-feed channels ("channels"), examples of which will be described in the context of
fluid-feed slots (“dots’) and fluid-feed passageways (“passageways’). In one
embodiment, ink flows through a slot formed in a substrate into one or more
passageways. An individual passageway can supply an individual eection chamber
which contains a fluid gecting element that can be energized sufficiently to gect ink
from the gjection chamber via an gjection nozzle (* nozzl€’).

3
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are moved to a structure designed to handle bubbles. [00026] Bubbles can be moved, among other
ways, by the creation of a thermal gradient in the ink containing the bubbles that causes
thermocapillary movement of these bubbles. In some embodiments bubbles are managed by

selectively energjzing resistors  at an intensity sufficient to create a desired thermal gradient in the ink
without vaporzi G and AL TIAGEN SR Ao e BARENEARE {D0B TSI
embodiments, thg [esISIPLE £ARRRFASIAZCHINR RO G BRRYRG, PEHELASS 9RGHdQaye @ bubble

in desired direction. Such movement of a bubble in a desired direction, for exaniple, can move the

bubble to a regiomydtRnitiae® kel itprmitiaiRvndsehiheditdgteed path and/or position the
bubble in a location that reduces the likelihood of the bubble causing ink occlusion to some or all of

the ejection chani®®zs] [00028Hiyles strovnslatn eveontbianuisHiete galk\daeh teatrcde stitzer bubble
management as described below. In this embodiment, the printing device comprises a printer 100.

The printer showPPFEEET&EhBBRYCAT I MR K BPYHGHKISE SFikte Pl Tifes prito FEE K capable of

printing in black-and- Eitea /or in black-and-white as, well as color. The term "printin %glevice" refers
to any type of priF’f'i‘H?aV¥ & {érépg%a&lléor Wﬁ%@@@Pgr#l@eq%@?gg?%mafsecr%np%%vse § waﬁc'j@ |vdé°ﬁ'/9 evice(s) such

as a print cartridgg 4o; AGRIGYEALIBAIHARRBIAR Qldis HARHINBHYInre QRS QhSHALRSIALng devices

can 4 200311400-1 include, but are not limited to, printers, facsimile machines, photocopiers, and the
like. Examples ofretherelluichdelivery deigeerchamansbuge asarious MEMS devices such as

Lab-On-A-Chip which are utilized in various medical and laboratory applications among others.
[00029] Fig. la illipatds variBubhtemepohe mevef tamengeotisrangysihyitbedesdicen 000 tRringng device
100 may include one or more controllers that are embodied as one
gradient in the ink containing the bubbles that causes thermocapillary movement of these
bubbles. In some embodiments bubbles are managed by selectively energizing resistors
at an intensity sufficient to create a desired thermal gradient in the ink without
vaporizing ink and thus without g ecting ink from the print head.
[00027] In some embodiments, the resistors can be energized in a bubble moving
pattern designed to move a bubble in desired direction. Such movement of a bubblein a
desired direction, for example, can move the bubble to a region whereit is more likely to
migrate out of the fluid-feed path and/or position the bubble in alocation that reduces the
likelihood of the bubble causing ink occlusion to some or all of the gection chambers.
[00028] Fig. 1 shows an exemplary printing device that can utilize bubble
management as described below. 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 can be capable of printing in black-and-white and/or in black-and-white as
well as color. The term "printing device" refers to any type of printing device and/or
image forming device that employs a fluid-delivery device(s) such as a print cartridge to
achieve at least a portion of its functionality. Examples of such printing devices can
4
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or more processors 102 to control various printing operations, such as media handling, servicing, and
ink ejection. [00030] Printing device 100 may have an electrically erasable programmable read- only
memory (EEPROM) 104, ROM 106 (non-erasable), and a random access memory (RAM) 108.

Although printing, device 100 is illystrated as having an EEPROM 104 and ROM 106, a particular
printing device A5 CRTRPLITE 67 dfe RHEIROrPEEISCHERESS ARIHIRSPRIF: BB Rot shown, a

system bus may EonRgEL e R iokRGATRA BaIR N LRIN RGBTRHBE drKine 187:A00QRLLThe printing

device 100 may also have a firmware component 110 that is implemented as a permanent memory

module stored on QM AQthid Wei fiirreaiezdd thisarieatrRind efdiRbderliship R4ionan@wnner as for

software, and is distributed with the printing device 100. The firmware 110 may be implemented to
coordinate operativers.of the hardware within printing device 100 and contains programming
constructs used to implement such operations. [00032] Processor(s) 102 process various instructions

to control the opdPaHEH of thEBritRiHE AENEE & A THSFRINRP DR AU SEEMRRNOo BRE BleYESic and

computing devin The memor cc??%'lﬁ]onemis EEPROM 104, R 06, and RAM 108, store various

: M
information and/or da a'gtﬁ%dgs” COJI"] |guraé(tf8(r;1 l‘l'H?oorr}%g[i(r)nr?,r?C)cﬁ?g,o eerrr?p g{eésr?gg 2 be(ejiﬁsgogﬁnted, and

menu structure njoRIgR. ALROYER B AR A RS ASAIDE SA002 AR yice may also

include a flash memory device in place of or in addition to ROM 104 and ROM 106. [000331
Printing device 16&vadrp,mayitReadton disk drive 112, a network interface 114, and a serial/parallel
interface 116, which can comprise any type of suitable interface. Examples of serial/parallel interface
116 can comprisé80305B, arfdliotirgrdeFEELO0 may have an electrically erasable programmable read-

only memory (EEPROM) 104, ROM 106 (non-erasable), and a random access memory
(RAM) 108. Although printing device 100 is illustrated as having an EEPROM 104 and
ROM 106, a particular printing device may only include one of the memory components.
Additionally, although not shown, a system bus may connect the various components
within the printing device 100.

[00031] The printing device 100 may also have a firmware component 110 that is
implemented as a permanent memory module stored on ROM 106. The firmware 110 is
programmed and tested in a similar manner as for software, and is distributed with the
printing device 100. The firmware 110 may be implemented to coordinate operations of
the hardware within printing device 100 and contains programming constructs used to
implement such operations.

[00032] Processor(s) 102 process various instructions to control the operation of
the printing device 100 and to communicate with other eectronic and computing
devices. The memory components, EEPROM 104, ROM 106, and RAM 108, store
various information and/or data such as configuration information, fonts, templates, data
being printed, and menu structure information. Although not shown, a particular printing

5
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1394 compliant interface, among others. Disk drive 112 provides additional storage for data being
printed or other information maintained by the printing device 100. Although printing device 100 is
illustrated as having both RAM 108 and a disk drive 112, a particular printing device may include

either RAM 108 or disk drive 112, depending on the storage needs of the printer. For example, some
orinting devices ARUPHERIESE CHARF A POT ARG ARERR SR WA ULA0 e eciueing the

manufacturing cogj,of fegyRripiing device. [000341 Network interface 114 provides a connection
between printing device 100 and a data communication network. The network interface 114 allows

devices coupled [tp@50MMOn gty aMEIW0IGRE PRy RN SER O [Phawiir W eta, and other
information to printing device 100 via the network. Similarly, serial/parallel interface 116 provides a

data communicatids path alisectypbetiee ergiaceirid Glewiieh 1G0 athpasd g Blectobragtableomputing
device. Although printing device 100 is illustrated having a network interface 114 and serial/parallel

interface 116, a ﬂ@ﬂi@&?&rﬁ%ﬁﬁﬂ@ Oﬂéqié‘gﬁ‘ﬁaﬁﬁ\ﬁ% 9%&%@%(&%@%%%. [000351
Prining devics 100150 ey e et nlrtc and ey auser 148, and a gply panel

. m .
120. The user intérfaceé and menu allows a USEr o e prin evice 0 navigate

the printing devicgis, MERLLSIGNI B SRRESRGR AR B IMRIRMEDias 8 ndlisgigys o as

series of buttons, switches, or other selectable controls that are manipulated by a user of the printing
device. Display panting 280146 0s 1 Li@arad i Radi G fMCRAM teDdUtladispikky dhad provides

information regarding the status of the printing device 100 and the current options available to a user
through the menpasieueturent[00 086de Pantintiude eiter TRDMVAIEEBi nchiskedriagotir?t deferdddtbiat includes

the storage needs of the printer. For example, some printing devices may include a small

amount of RAM 108 and no disk drive 112, thereby reducing the manufacturing cost of

the printing device.

[00034] Network interface 114 provides a connection between printing device 100

and a data communication network. The network interface 114 allows devices coupled

to a common data communication network to send print jobs, menu data, and other

information to printing device 100 via the network. Similarly, serial/paralld interface

116 provides a data communication path directly between printing device 100 and

another electronic or computing device. Although printing device 100 is illustrated

having a network interface 114 and seria/paralld interface 116, a particular printing

device may include only one such interface component.

[00035] Printing device 100 also may include a user interface and menu browser

118, and a display panel 120. The user interface and menu browser 118 allows a user of

the printing device 100 to navigate the printing device’ s menu structure. User interface

118 may be implemented as indicators or as a series of buttons, switches, or other

selectable controls that are manipulated by a user of the printing device. Display pand

6
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mechanisms arranged to selectively apply ink (e.g., liquid ink) to a print media such as paper, plastic,
fabric, or other suitable material in accordance with print data corresponding to a print job. Such
mechanisms can comprise one or more print cartridge(s) 126. The print unit also can include various

itabl f ing th ' trid 26 and/or print media relative t ther. Th
function of print ST PR GOl B LLoh ENER KL BTGB 0S TR Ban excoute
instructions storeg (g 515 URRSERICATHON R G5RSRLINDIS EECHIPA GRS, but distinct

from, print cartridge 126. However, other suitable embodiments can employ a processor or other

suitable controllegagtareomponent of an exemplary print cartridge or other MEMS device. [000371
Fig. 2 shows an exemplary print cartridge 126 that can be used in an exemplary printing device such
as printer 100. P{hfi086FtridgeP1i26ng cvng iSO ol grintcludes] 20driektenidirigalomy andndesaxis x, and
cartridge body 206. While a single print head is shown on print cartridge 126, other print cartridges
may have multip/EgsH SHE A0SR S RRtTE! Ysiiv il kg S5 st e Bt BAiadyes®Ean be
disposable, while othersb%?n hfaa}o/e a usefyl ”fesﬁﬂ%ﬂ e%létal to or exceeding that of the printing device.

Other exemplar)P WhidatonSWin bd rgc(%nlze gy 10SE of SkilfTA the art (00038 |gaf 3 shows a

cross-sectional regreseation L LRI NEAY 294ASSIRNENN &P comdiis BHRSSSREHPRAKYIEW is taken

along the y-axis which corresponds to a short axis of print head 204. A slot or slots 304 passes

through a substratend@feEomen fiispaubeirates dafbhee w0,/ genahiheprositeeeapn substrate
surface 312. Slot304 7 200311400-1 can have any suitable dimensions. For example, the slot can

have any suitabl@riehgitiraigets)ebSuaad q aratkeingdi ehiel stisit, Quitiastinge drivbbeieiients hawing slots in
the range of 20,000 microns. Similarly, any suitable slot width taken parallel to the y-axis can be
unit 124 can be controlled by a controller such as processor 102, which can execute
instructions stored for such purposes. Commonly, processor 102 is eectrically coupled
to, but distinct from, print cartridge 126. However, other suitable embodiments can
employ a processor or other suitable controller as a component of an exemplary print
cartridge or other MEM S device.
[00037] Fig. 2 shows an exemplary print cartridge 126 that can be used in an
exemplary printing device such as printer 100. Print cartridge 126 is comprised of print
head 204 extending along a long axis x, and cartridge body 206. While a single print
head is shown on print cartridge 126, other print cartridges may have multiple print
heads on a single print cartridge. Some suitable print cartridges can be disposable, while
others can 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.
[00038] 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 which corresponds to a
short 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
7

200311400-1



utilized, with many embodiments utilizing slot widths in the 100-200 micron range. Both narrower and
wider widths are also suitable. [000391 Substrate 306 can be comprised of silicon, gallium arsenide,
glass, silica, ceramics, or a semi-conducting material among other materials. Substrate 306 can

comprise various copfigurations as ill be rec n|zed one of skil| in the art, resent 675 micron
ok substrates £70 BRER BIRH SITETAG: SHOAIRG AP B EFAN AV HASE I, For
example, if the cyrant dend oy ghniniaturizar Qs FORHBUG e i f Q'W‘?Hésr gommonly

utilize substrates having a thickness of 100-300 microns or smaller. [O 0401 Figs. 4 show a portion

of print head 204 gowraidleiail- ﬁ@|aﬁhﬁfmwsmasnr@gats&@kwmlewg%ﬂmtam@ﬂg.s%wb@e Fig. 5
shows a front elevational view of a cross-sectioned portion of the print head. Various electrical

components, sualiiBzede sigto M3l 3eanhddsieots el iriages dnotdtho wnthe il G0 mMmedrovangérst surface
310. Individual resistors 313 are electrically connected to individual electrical traces through which
electrical energy BaA %rQW%ﬁiQéYWﬁrWWH@@VRﬂwéﬁéctlve resistor. Resistors 3 13 and traces can

comprise a porti stack of thi f| s 314 doverf|rst surface 3 10..[000411
T o b R e BB AL D B i s o h

Individual resisto can be pos fone ior prOX|ma e Ramber 318,

In some embodirgents£IBFUPBLNAPAGHSY FdHan Q%r@eé'ﬂﬂsdn%’éé%ﬁ IRy BRLHer layer 320

and an orifice plate 322. Other configurations are also possible. The orifice plate has been removed in

Fig. 5 to allow ureiepysa ey enetisdndne Belrr Nistatigaded My o beskuppligckalengaa portion of 8
200311400-1 channel 330 from slot 304 to ejection chamber 318 via a passageway 324. In this

embodiment, passeggeias SRtz thigkevhsithtiertordalitde pldiyed, BROthONdicadgitati 22 bgrate
can also be utilized. For example, if the current trend toward miniaturization continues,
future embodiments may commonly utilize substrates having a thickness of 100-300
microns or smaller.
[00040] Figs. 4-5 show a portion of print head 204 in more detail. Fig. 4 shows a
cross-sectional view similar to Fig. 3, while Fig. 5 shows a front elevational view of a
cross-sectioned portion of the print head. Various electrical components, such as resistor
313 and electrical traces (not shown) can be formed over first surface 310. Individual
resistors 313 are eectrically connected to individual electrical traces through which
electrical energy can be selectively provided to the respective resistor. Resistors 313 and
traces can comprise a portion of a stack of thin film layers 314 positioned over first
surface 310.
[00041] Individual resistors 313 can be positioned within or proximate to an
individual gection chamber 318. In some embodiments, gection chamber(s) 318 can be
defined, at least in part, by a barrier layer 320 and an orifice plate 322. Other
configurations are also possible. The orifice plate has been removed in Fig. 5 to allow
underlying components to be better visualized. Ink can be supplied along a portion of

8
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nozzles 326 formed therein and corresponding to individual ejection chambers 318. As will be
recognized by the skilled artisan, this is but one suitable configuration. [000421 Barrier layer 320 can
comprise, among other things, a patternable material such as a photo-imagable polymer substrate.
In one embodimeBt oril‘ice late 322 com@rises a r\l(}i'gkel substrate. In another embodiment orifice plate

322 is the same i< 1AL SRS ADSFOTOB TR Bl eV AR5 Red tedBitsy, or
attached upon the,pigeeding layers. TH5 copHauralion givenn i§369t<9ﬁﬁ08%§%b§§2‘_’F\%.E‘ﬁguration-

For example, in an alternative embodiment, orifice plate 322 and barrier layer 320 are integral.

[000431 When prigiAaytiidgerh® iselRasiianetdpbhsag ok kandiansbamntbengaitisige hedy 206
(shown Fig. 2) into slot 304 of print head 204. From slot 304 ink can travel through passageway 324

that leads to ejectiirbe hemypzedbBtHadkided Wb seldutiehyt epesteddfioronEgradomnchamber 318 by
energizing a respective resistor 313 at a first intensity selected to sufficiently vaporize some of the ink
adjacent to the réSf¥l surfad& AR d¥BNTARED ABRESE; ec178 FRA IS SaatEnEpsPaas can

increases pressure within %%ction %F\mbﬁr 318 %lé{'rf%entl to expel a desired am

ount of the ink.
[000441 Print hedd 56’3 %%on?i'brﬂ?% ) Fr)gmggre ein exr?eﬂg% %br% 'eTeeP: iGh''&h rﬁfgegr’ 8 via an

individual passaqewgy 324 SHRANAAIAR SIRFUABAIAMBEG R ERYRE 9. Abnarsmeughles can

occlude or obstruct the passageway 324 and prevent or slow the replacement of the ejected ink. Such
bubbles can be oasigd intaHeasitiun Ryethea hiekaganshe eauss bdioraetorpsin@dfearthsdak and/or can
be generated during vaporization of the ink, among other origins. 9 200311400-1 [00045] Figs. 6-7
show views alongrenottite aiecedi ag deiyersexerhplaopiiginaaradivRo4berFidgs oshang Ragshlefrom above

a second surface 312a of substrate 306a, while _ _ - _
configuration. For example, in an aternative embodiment, orifice plate 322 and barrier

layer 320 areintegral.

[00043] When print cartridge 126 is positioned for use, ink can flow from the
cartridge body 206 (shown Fig. 2) into slot 304 of print head 204. From slot 304 ink can
travel through passageway 324 that |eads to gection chamber 318. Ink can be selectively
gected from gection chamber 318 by energizing a respective resistor 313 at a first
intensity selected to sufficiently vaporize some of the ink adjacent to the resistor surface
and contained in the gjection chamber. Such vaporization can increases pressure within
gjection chamber 318 sufficient to expel a desired amount of theink.

[00044] Print head 204 is configured to replace the ink expelled from egection
chamber 318 via an individual passageway 324 supplying the eection chamber.
However, one or more bubbles can occlude or obstruct the passageway 324 and prevent
or slow the replacement of the gected ink. Such bubbles can be carried into position by
the ink, can be caused by 'out-gassing' from the ink and/or can be generated during

vaporization of the ink, among other origins.

200311400-1



Fig. 7 shows a view through a long axis of slot 304a that is parallel to the x-axis, and is generally
orthogonal to first surface 310a and second surface 3 12a. [00046] Resistors 313al1-313p2 are
shown with respective passageways and ejection chambers. To enhance clarity on Figs. 6-7, not all of
the passageways and_ejection chambers are Iageled, but an %énﬂgle is indicated in ralat'on to

[

resistor 313al 1604%ed in resp&etvd SNV ANEE 9182 e PN BfBion to

passageway 324l Fig b SUONS G LEIDIec LR EIMNSIs HLPASRALRIRNS nflashed iines

to indicate that they may be obscured in this view by portions of substrate 306a. In this embodiment

each of the individgal efRGRNDANBEEE 5l GRLARIRRA YdtBcud aRisOpalll AR EBeslisngs some of

the ejection chambers, sometimes referred to as "dummy chamber(s)", are not equipped with a
resistor or are noganehy edhagtyelusdidsteudpee Birtla apdstnetdad fjaceditkaLother functions. For example,
dummy chambers may be incorporated at the slot end of some embodiments to provide more equal
operating condit[Qﬂ%“é eachRSBHE $uREESMCR e SR IFINAMBERS . FO0R4 1§ FIgS8YAEr At show a
bubble 602 occuggin. a(ﬁ)]ort[g)n of13I0t 04a. AI‘S'tShOWE her _7but%béﬁ 6f0%‘his ositionedé@a‘lﬁinst
sidewall or surfac 3 &N |seE)chIu%i% ag%edfoar”réoo&mﬁ%sin flow t8 tie pg s%saa%%s c2, 324d2.

Though a single QFBHRJF? GRAbsdIStpled; Naiea iR ATePiARRE f Al BR RY rablR, i ayltile

bubbles. [00048] The description above provides an example of how individual resistors can be
energized at a firgicipée naityegrigicie @ totionfftpignily \vapariaeiamdsejedl dnk flowinig resddadisnent,
individual resistors 313al1-313p2 can be energized at a second lower intensity in a bubble moving
pattern designedpessagsweyosistale G2 Wwishins|te3ewsiorshe egdaroeiwittensity paasdoemayiiarily selected
to heat but not to vaporize the ink. In some 10 200311400-1 embodiments, the second intensity does
not cause any inKaggsk! '@%&Ebkfi“?‘r‘@i‘ﬁ gt they may be obscured in this view by portions of substrate

306a. In this embodiment each of the individual gection chambers is equipped with a
resistor. In some embodiments some of the gection chambers, sometimes referred to as
"dummy chamber(s)", are not equipped with a resistor or are not intended to be used to
gect ink, but instead provide other functions. For example, dummy chambers may be
incorporated at the slot end of some embodiments to provide more equal operating
conditions to each of the functional gection chambers.

[00047] Figs. 6-7 further show a bubble 602 occupying a portion of slot 304a. As
shown here, bubble 602 is positioned against sidewall or surface 604 and is occluding
and/or reducing ink flow to the passageways 324c,, 324d,. Though a single bubble 602
isillustrated here, the description is equally applicable to multiple bubbles.

[00048] The description above provides an example of how individual resistors
can be energized at afirst intensity selected to sufficiently vaporize and gect ink. Inthis
embodiment, individual resistors 313a-313p, can be energized at a second lower
intensity in a bubble moving pattern designed to move bubble 602 within slot 304a. The
second intensity can be primarily selected to heat but not to vaporize the ink. In some

10

200311400-1



respective ejection chamber. Other embodiments may cause incidental ejection of ink. [000491 In
some embodiments such a bubble moving pattern sequentially energizes groups of resistors to
detach a bubble from a wall defining a fluid-feed channel. In this embodiment the bubble moving

pattern comprises sequentially energizing groups of resistors to detach the bubble 602 from sidewall
50 and 6 move T TUTBS 1P JFOHoH T Ca sy e N S0 e AREPLT 51 Sm. From this

location, due 1o HUOYRRGYJalES AR eI S BARIE-AORIBY ORI GRSt pard and out o

slot 304a as indicated generally by arrow g. [000501 In this particular embodiment resistors 313c, and

313d2 are energigedadpllowegh byomb3dmBadinddhes Zuanththeinpid 3peang patdd |eqrltarnative

embodiment resistors 313d2, 313e2, and 313f2 can be energized sequentially energized to move
bubble 602. Thiswmeng rgiz yigupsovke setirtolabibldeaing witivletfrentacioal loigficieatmd@ddéed moving a
thermal gradient through the ink contained in slot 304a, which in turn can give rise to a
thermocapillary ion i s EkBddifReibenBUpRienianRe dRSHETh FPEPHSES ISERISIE Bherally along

a path indicated by arrow p. Alternatively or additignally, su nergizin create buoyancy driven
ergl%wﬁ)grgﬁpfsa%P r stoys ?0 (?gach&e%l@)lse éhoflerj%rglgdzewghrék%yandt velty

. m .
convective currents e tension variation indauce € 0SClI ns W?]IC?] may dlslodge

and/or move the i%%B@T&Q%%E&oPM{E&éHth'&r%W QBRI ReBYeH B 250 RAUCTA GRS IPEed to move

a bubble within the slot to an area designed to handle bubbles. Examples of such areas include

areas and/or struetirien, desigoeslit9aptg Matedhenbhgobiacs, Mipgkiéecont whthesotady ongsuch
example bubbles are moved to a location within the slot where the bubble can be evacuated from the

slot. [000521 Figsp\8agishdeutefcthedtdeemiplicst st genereyd@GeiiowRig. 8 shows a cross- section taken

transverse to the Brint head's long axis x which extends into and out of the 11 200311400-1
[00050] In this particular embodiment resistors 313c; and 313d, are energized

followed by 313d; and 313e,, and then 313e; and 313f,. In an alternative embodiment
resistors 313d,, 313e, and 313f, can be energized sequentially energized to move bubble
602. This energizing moves the bubble along with other factors by creating and/or
moving athermal gradient through the ink contained in slot 304a, which in turn can give
rise to a thermocapillary migration. In this embodiment the thermal gradient moves the
bubble generally along a path indicated by arrow p. Alternatively or additionally, such
energizing may create buoyancy driven convective currents and/or surface tension
variation induced bubble oscillations which may dislodge and/or move the bubble.
[00051] Other suitable embodiments may utilize a pattern designed to move a
bubble within the slot to an area designed to handle bubbles. Examples of such areas
include areas and/or structures designed to promote the bubble to migrate out of the slot.
In one such example bubbles are moved to a location within the slot where the bubble
can be evacuated from the slot.

[00052] Figs. 8-9 show another exemplary print head 204b. Fig. 8 shows a cross-
section taken transverse to the print head's long axis x which extends into and out of the
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page on which Figs. 8-9 appear. Fig. 9 shows a front elevational view of a cross-section taken through
print head 204b. As shown in Fig. 9, orifice plate 322b has been removed to allow underlying
components to be more easily observed. [00053] In the embodiment shown in Figs. 8-9, a filter 802 is

itioned ink fl th f of print head 204b. T int h . [ bstrate 306b that
s ot 304b R BN Gogl LERTRE P SS2CY SEYROR SEORY SORSTRE partcuiar
embodiment, it 4075 AgHRPAApESHE A P RL8 S - Ease A0 Laor yadis

passageways 824a1-824e2 which supply respective ejection chambers 818al- 818e2 so that ink
passes through thesfibRuageiiRyempbrane fopdntdieagiRsReddhis particular embodiment filter 802
has apertures formed therein and defines a border between slot 304b and the ink feed passageways
824a1-824e2. In[0A988]to promate eolboitynent sladivofi p &isa §ivalisd 392 1s @Rl edhet ecsprscifically
designated, but individual passageways suEpIPy correspondingly labeled ejection chambers

e

818a1-818e2. [00BTFP#IS ErRHBUEsE Pl BOR IEHRTHHIS¥EH e AR SIBFR AR Fnagable

polymer filter layer. positioned over the substrate's fjrst surface 310b. T hqtq imagahle polymer
layer has apertuSebsg?o?%rer]ggtﬂg?e%ﬁr%%]uléﬁ%eﬁ?cﬁrﬁ{]kaggnsﬁg\?\ﬂ ?H%ﬁ?gglr?%u%%%mb% |r'nsent, the

photo imagable filtes IaeLisSRHRL T RYHIIR PG e RKFEHERRERIS fmplelian@hsiot 304D.

The photo imagable filter layer is patterned and etched to form the apertures. Further, in this

embodiment, barsienlaysis fekéwpeStinnal ey antbesahaioripagaelg ditien kyabaeferestching. In

some embodiments, the filter comprises a portion of a manifold formed from the thin-film layers 314b
and/or barrier lay&i8a28hthathiekskitess thrdolm thelfiftec og iti tevsth dreudtairiet bemffigfditationibis—or example,
other filters may comprise different materials and/or may utilize other aperture shapes and/or sizes. In

one such exampRI iCefRkedinest fitisr 3R, B2 MAHES VR GLHEFSITy JGudiensp arRAgel 12

between slot 304b and the ink feed passageways 824a,-824e,. In order to promote

clarity, not all of passageways 824a,-824e, are specifically designated, but individual
passageways supply correspondingly labeled gection chambers 818a;-818e,.

[00054] In this embodiment filter 802 comprises a generaly planer photo-
imagable polymer filter layer positioned over the substrate's first surface 310b. The
photo imagable polymer layer has apertures formed therein through which ink can flow.
In this particular embodiment, the photo imagable filter layer is spun-on over the thin-
film layers 314b prior to completion of slot 304b. The photo imagable filter layer is
patterned and etched to form the apertures. Further, in this embodiment, barrier layer
320b is positioned over the photo imagable filter layer before etching. In some
embodiments, the filter comprises a portion of a manifold formed from the thin-film
layers 314b and/or barrier layer 320b. 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 sted filter
may be utilized with generally square apertures.
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200311400-1 [000551 In this embodiment, the apertures comprise a first size aperture (“first
aperture™) 804 and a second larger size aperture ("second aperture") 806. Also, in this embodiment,
first aperture(s) 804 have a cross-sectional area chosen in relation to various components of print

head 204b. F , in this embodiment, orifice plate 322b h ltipl les ¢ ding t
respeciive ejectidrORRmberd O SIERREI R BESERAEEE | HoRA B INE A Ban have a

cross-sectional bose, (Jangiara g OLABAN AR YGLANS ACTUNNAIN NG ISEERERILE(R) A4 can have a

cross-sectional dimension d2 slightly smaller than the nozzle's bore diameter d, to exclude

contaminants thaihpadhieRdassineseibeivise hinekachezaie:a0akh thékis amkegisnent, the first

aperture(s) 804 can have a cross-sectional dimension of about 14 microns or less. In this particular
embodiment, theviirsiussqenpore(s) 0z airbege 3648 lyFoirexdenpkn iththi < lealzyd ssx8 eatibceabldienension d2 is

the diameter. [000571 When print head 204b is utilized for printing, a bubble or bubbles may form
and/or get lodged¥eniaeNdirce prates $o7B5epNingdpP SePeRYR RSHIPhEheTReBudBIe 8¢ is

proximate to, and OC%JLIJQ@&% ei‘?e%tlﬁ%%e%hqmdtl)v%f %C%Yég %slésg%eg%vg%ggfﬁgh a Q{% \g\ilr rr;}greisof the

. n
resistors, such as%f e, can-pe ut to move andtorestorein

embodiment bubple6gk E%%R?oﬂ%@‘ﬁﬁﬁmqﬁﬁ FRGFAdBRGUYSHPSINA/LNIES Bubhig to exit into

slot 304b. [00058i Second aperture 806 can'have a shape and’'location determined based on several
criteria, includingdiérideinl i deghiio, shaistanseighexierdisg manmaally, heweaate fiessaaand orifice
plate 322b. In this embodiment second aperture 806 has a minimum dimension d4 which is larger
than the filter 802ha wiifit ogdatie G2Rhetirseblodra BzImM this embodiment a diamond shape second

aperture 806 is utilized where the minimum dimension d4 comprises the width, and the length
comprises dimenS&rels In this embodiment, the first aperture(s) 804 can have a cross-sectional

dimension of about 14 microns or less. In this particular embodiment, the first
aperture(s) 804 are generdly circular so that the cross-sectional dimension d, is the
diameter.

[00057] When print head 204b is utilized for printing, a bubble or bubbles may
form and/or get lodged between orifice plate 322b and filter 802. As shown here, a
bubble 602b is proximate to, and occluding, gection chamber 818c; via passageway
824c;. One or more of the resistors, such as 813e; can be utilized to move bubble 602b
and to restore ink flow. In this embodiment bubble 602b can be moved toward second
aperture 806 to allow the bubble to exit into slot 304b.

[00058] Second aperture 806 can have a shape and location determined based on
several criteria, including but not limited to, a distance d; extending normally between
filter 802 and orifice plate 322b. In this embodiment second aperture 806 has a
minimum dimension d, which is larger than the filter 802 to orifice plate 322b dimension
ds. In this embodiment a diamond shape second aperture 806 is utilized where the
minimum dimension d, comprises the width, and the length comprises dimension ds.
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13 200311400-1 [000591 In this particular embodiment second aperture 806 is about 20-30 microns

wide and 50-60 microns long. Such a configuration of the second aperture dimensions relative to the
filter 802 to orifice plate 322b dimension can facilitate passage of bubble 602b into slot 304b. Stated
another way, butLBIes rfay tend to mi ra}e through the second alferture if the dimensions of the

second aperture &% 1arger thAHPSEHHEY T CORAIE BILE i ALY E SPhis VLB LtBe example,
and other suitablg,3perEsS MY HAvSRMAlIeH QTlAFARE SRR Sediaoial Adimishshaped

second aperture 806 Is shown here, othéer suitable embodiments can utilize other geometric shapes

including but notdiaaedottheaiangie so ehitilRSoRISILH hahaidy strRastdriptieizdbpbgibenly a single

second aperture 806 is utilized in this embodiment, other suitable embodiments may utilize more than
one of the secon@i0apertardst [BD6 03t #Eegsarbed Wvahowldhastingly eandadimignétsithitaugtottiee one shown
in Figs. 8 -9. Figs. 10- 11 show views taken along a long axis of a slot 3 04c where the long axis is

generally parallePRPIReREEKTS. Fitie METARENNrdHS SB60E REGFRIZEE ALY ZBCtRhile (9. 1 1 is

orthogonal to the Sfcon surface 3 12$ [000611 A filt fBOZa iS posit&o ed below first surface 310c of
3 5 20 :

r n
substrate 306c. Piter AR apg'r Ures Wfas%{?]ag § 2€C8ha %npe?{ﬂerre éep%?seff%ﬁ&ed generally

below slot 304c. Mylitgle (ERIRLOG LULAEEALGR2 FroRRILNIRGRPEFINSRISSLAR. BogMbers and

passageways. To enhance clarity on Figs. 10-11, not all of the passageways and ejection chambers
are labeled, but agn Lyampde singiaatasld rplaiiamto caasisioe dht3gedoraiedipseapativg ejection

chamber 1018a, which is in fluid flowing relation to passageway 1024ai. For purposes of illustration,
Fig. | | shows redistoret HDISHR 1E1BBI2S, pursitie pad dsefcrguthidy fistepealtiocthér ithprak itk they may be
much closer to I’Qﬂ&é%ﬁ?%&ﬂr@%@é?@ lljltlltl(l;)zlofjg(l)n2 ?His embodiment, other suitable embodiments

may utilize more than one of the second apertures.

[00060] Figs. 10-11 show ancther embodiment similar to the one shown in Figs.

8-9. Figs. 10-11 show views taken along along axis of a slot 304c where the long axis is

generally paralléd to the x-axis. Fig. 10 is taken from above second surface 312c, while

Fig.11 is orthogonal to the second surface 312c.

[00061] A filter 802a is positioned below first surface 310c of substrate 306c¢.

Filter 802a has first apertures 804a and a second aperture 806a positioned generaly

below slot 304c. Multiple resistors 1013a;-1013p, are shown with respective gection

chambers and passageways. To enhance clarity on Figs. 10-11, not al of the

passageways and g ection chambers are labeled, but an exampleis indicated in relation to

resistor 1013, located in respective gection chamber 1018a; which is in fluid flowing

relation to passageway 1024a. For purposes of illustration, Fig. 11 shows resistors

1013a,-1013p, positioned below the filter, although in practice they may be much closer

to lying in a plane containing filter 802a.
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14 200311400-1 [000621 A bubble 602c can be seen beneath filter 802a and proximate to resistor
1013e2 and associated ejection chamber. Individual resistors can be energized in a bubble moving
pattern designed to move bubble 602c toward second aperture 806a. [000631 Various suitable

patterns can be utilized to achieve the bubble moving pattern. For example, one suitable pattern
comprises sequiﬁﬁg energ M%gﬁg%f%gﬁﬁg %@%Péﬁé{gtgn%%? ?H@\Bé%ﬁ'éat&t?ﬁmermal
gradients throug%lﬂ%f I} QINONEy YU H%’i’n!&ﬁb@?"’%‘?%i%?o%%ﬂ%&%F&“E&E‘Q@%]él%i‘i’&? fugh example,

resistor pair 1013fl- 1013f2 Is energized followed by 1013g,-101392, and then 1013h,-1013h2. This

sequence can beyjisi|eved iypEasiatasRAES 1S Ao blihlS8tabrwadddnhdlépbalre 0822, and then
1013il-1013i2 , etc. to progressively move bubble 602c toward the second aperture 806a. [000641

Figs. 12-13 show a6 similafatmthcseablopattiems-igs. EOulillzack spectivedythevithbiiie ereegtion that
bubble 602c is now positioned more proximate to second aperture 806a. [000651 Figs. 12a-13a show
enlarged views oPAPEYidrs @RI ABELUBBIE GOBE NAOIRBTHR FRIPFHYA b eIE Ggd9cRdi(RRl. Once

bubble 602c is proximat attt)c)[%g%on aperture 806a it anﬁ%],%@é% Sl‘%lfngh haR]eerHJrg %an(?vlejp into slot

. resistors I ' mMoyve phe or more,thexr ] . .
304c as shown i Fige, RoUGHIRE 8XaMBIE'D SSibed Sequentially Srergizing resistors

from one end of the sl i@t e i ds-manneine Shilahls Bubhle e pattesns; can be

utilized. For example, a similar pattern may be utilized simultaneously at the other end of the slot to
simultaneously moverbislehées se ol otk endeteyran spcardiepadise 806, 0006&Ldsshown in this
embodiment, second aperture 806a is generally centrally located within slot 304c¢ so that bubbles on
the right side carr@sehe to/ewed hardstiieraeante L048@l-dihdgr fp sl by bdilihe 18#Bbaratsktheoved toward

the center. Bubbles then may pass through second aperture 806a of the filter 802a and migrate out of
slot 304c. The 1013i:-1013i,, etC. to progressively move bubble 602¢ toward the second aperture 806a.

[00064] Figs. 12-13 show views similar to those shown in Figs. 10-11
respectively, with the exception that bubble 602c is now positioned more proximate to
second aperture 806a.

[00065] Figs. 12a-13a show enlarged views of a region surrounding bubble 602c
as shown in Figs. 12-13 respectively. Once bubble 602c is proximate to second aperture
806a it can migrate through aperture 806a up into slot 304c¢ as shown in Figs. 12b-13b.
Though this example only describes sequentially energizing resistors from one end of the
slot toward the middle, many other suitable bubble moving patterns can be utilized. For
example, a similar pattern may be utilized simultaneously at the other end of the slot to
simultaneously move bubbles from both ends toward second aperture 806a.

[00066] As shown in this embodiment, second aperture 806a is generally centrally
located within slot 304c so that bubbles on the right side can be moved toward the center
and similarly bubbles on the left can be moved toward the center. Bubbles then may
pass through second aperture 806a of the filter 802a and migrate out of slot 304c. The
bubbles then can migrate upward and out of the slot unaided and/or further energizing
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bubbles then can migrate upward and out of the slot unaided and/or further energizing 15
200311400-1 can be utilized to facilitate desired movement of the bubbles. A similar suitable
embodiment can locate second aperture 806a near one end of the slot and move bubbles toward that

end. [000671 Figs. 14-15 show cross-sectional views of two additional exemplary print heads 204d,
2046, Each view e LiSHc' CRONPU 0 S50 S0b, e AEBISS vy SN oBHERy parallel to

the y axis. [000654,£ig, 14 SHOWS.2 b 04 fOrei e gh. & SUpSHAEA0A% DS RHBRY NG

passageway 1424a, 1424b. The two passageways 1424a, 1424b are contigured to supply ink to
respective ejectiop\ehdymipens 1418a, 1418b respectively. The ejection chambers are configured to
eject ink through nozzles 1426a, 1426b respectively, which are formed in orifice plate 322d. Fluid
ejection from ind@eGE] ejectibiysiahbhenewl d08asctddi@b \cews tfetwo atidliechlbsxkem@agyzingtresistors
1413a, 1413b respectively. [000691 In addition to resistors 1413a, 1413b, which are positioned in the
ejection chambéet@CsLParaPififiarihYiRusistare 321%8 S191 8y sl BISkRAMSSRSHERTE NHY
passageways 1424pa 1424}b. %)éfO?tOthResistors 1413a, 1413b can be formed using known thin-film
techniques. Resf ogs R jopoesYt%hséd along the passageways can be formed at the same

time as resistorgdghian, 1413 uligipgdag sesmestinfnneginiauss Alesate asisprs 14132,

1413b can be formed at a different time and/or with different techniques. Further, resistors

1413c-1413] carphedsianiiaabie, resistorshb4idpassddadlayer aamheeipaebitanagirenofigppation. (000711
Bubbles can be managed in print head 204d utilizing several suitable embodiments. For example, in
one such embodinkeiotrespsitier s ebBchanbab B ESatili#tlb respectively. The gection chambers

are configured to gect ink through nozzles 1426a, 1426b respectively, which are formed
in orifice plate 322d. Fluid gection from individual gection chambers 1418a, 1418b can
be controlled by energizing resistors 1413a, 1413b respectively.

[00069] In addition to resistors 1413a, 1413b, which are positioned in the gection
chambers, several additional resistors 1413c-1413] are positioned along the two
passageways 1424a, 1424b.

[00070Q] Resistors 1413a, 1413b can be formed using known thin-film techniques.
Resistors 1413c¢-1413j positioned along the passageways can be formed at the same time
as resistors 1413a, 1413b utilizing the same thin film techniques. Alternatively resistors
1413a, 1413b can beformed at a different time and/or with different techniques. Further,
resistors 1413c-1413j can be identical to resistors 1413a, 1413b or can have a different
configuration.

[00071] Bubbles can be managed in print head 204d utilizing several suitable
embodiments. For example, in one such embodiment, resistors 1413a, 1413b are utilized
to gect fluid from their respective gection chambers 1418a, 1418b and resistors 1413c-
1413i can be energized in a bubble moving pattern designed to move a bubble in a
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to eject fluid from their respective ejection chambers 1418a, 1418b and resistors 1413c- 1413i can be
energized in a bubble moving pattern designed to move a bubble in a 16 200311400-1 desired
direction. Another example is configured to energize selectively resistors 1413a, 1413b at a first

intensity selected primarily to cause ink ejectjon and at a second lower intensity selected primarily to
oat i, bt ot EGHIGE AL Lo RO RS SERORLCHS E3 O L RS e SaBrAL VL e S0 at the

second lower intgpsiy levei g GRNRIDARARIARE Q6 BOLE (B 'S5 Sl 368 Pl R bubble

moving pattern. [000721 Fig. 15 shows another suitable embodiment. In this embodiment additional
resistors 1413k-34ibasiyas8 eRaitinnes alanasslahR0de. lheadsiiRnaédasistoisisdkd Ak{eal3p can be
energized in various bubble moving patterns either alone or in combination with other resistors, such
as those describédlisbrefatimnstiectigel 1 4néwi o andbe bsbhdd owevanteesity (Btiek rmecnivbahighemts, can
position resistors at other locations within the print head. [000731 Although the embodiments
described above MHVE Bl PG ESIHSIY 33 4he6vd 1Rid huBIBS rearies BatBddiments may utilize other
electrical compo f a print head either algne or.jn combination with one or more resjstors. In one
such example tr&?@%ﬁrs areﬁﬂ'cofr%osrhé)tvésd ﬁ]r]t%%r%rafw{%?fﬁt ﬁre]%(@'laqee'sq}gns.%%éﬁo%g?%ﬁr%qﬁéuch

transistors relativeig; g M%&%R@@{g@@%@é‘ﬁ%ﬁ&ﬁé& HBRFIPERAR b CanitRlier g manner which

contributes to creation and movement of a thermal gradient within ink contained in the path for the
purpose of movingiakbhbies, Saichameyaaipie catopsaidlse bintg Mmieagamentdonpantimeads which
primarily utilize energizing elements other than resistors to achieve fluid ejection. In one such print
head which empleyabipitigoeléttritherysgtorn sjsbt #uitipseaiesashett otricidtconipdnenid.ineluding the

crystals can be energized primarily to move bubbles in a desired direction and not primarily to
promote bubble moveément. Other embodiments, can position resistors at other locations

within the print head.

[00073] Although the embodiments described above have utilized resistors to
move the bubbles, other embodiments may utilize other electrical components of a print
head either alone or in combination with one or more resistors. In one such example
transistors are incorporated into many print head designs. The location of such
transistors relative to the fluid-feed path may allow such transistors to be controlled in a
manner which contributes to creation and movement of a thermal gradient within ink
contained in the path for the purpose of moving bubbles. Such an example can provide
bubble management for print heads which primarily utilize energizing elements other
than resistors to achieve fluid gection. In one such print head which employs
piezodectric crystals to gect fluid, various eectrical components including the crystals
can be energized primarily to move bubbles in a desired direction and not primarily to
gect ink.

[00074] Energizing resistors and/or other electrical components in a bubble
moving pattern can be achieved in any suitable manner. In one such embodiment a
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eject ink. [000741 Energizing resistors and/or other electrical components in a bubble moving pattern
can be achieved in any suitable manner. In one such embodiment a 17 200311400-1 controller or
processor such as processor 102 can cause various resistors to be energized to achieve the desired

bubble moving pattern Th h izing. by, including but not limited to,
processing variole ECHT el WA SIS HEM SPEIGHAFSHRAEIOE SIS readable

media, examples pfuhichara arayFgsaRR g aSAPMRIELEERHRLIE iaskuglionsmanpe contained

on the printing device or may be imported via a hetwork connection. [000751 Bubble’management
can be implemenigdigumiiosis sotitahiked €8 el NSr Dy ONPIE! Rockibin B thSHEE GRARIMENt, a
printing device may be equipped with an ink droplet detector that checks for proper print head function
from time to timevéfsthedieteotzbiadiraiasthatithie predicheahdenof operatiegravided dasieed
parameters such as would be caused from ink starvation of one or more ejection chambers, then the
processor may call8ETERISEHFEXEINE I87E1EI 282 MRS BRIENStbINGE Pafiere B5vHFR R BRYISubbles which

may cause such .starv%gon. 000761 In otqer embodiments, the processor may cause resistors to be
. . W%qrt Via. netW?{k connec IOd’]. .
energized in a bubble moving pattern’ based upon one or more suitable parameters such as passage

of a given periodighéifge andigRIMBRSRHIAES OHPARESIRENALERT FrapAlgsONg;SHitable

embodiment may from'time to time simply energize various electrical components in a bubble moving

pattern as a prevesntivaraieasureorl BiGrglE|aulahe sam perearmeaeraterikithy Weady systesa for
determining the presence and/or location of bubbles in the print head. [000771 Other suitable
embodiments mapuinpaitovi e maktidedpl grdstididoHatiychecks for proper print head function from

time to time. If the detector indicates that the print head is not operating within desired
parameters such as would be caused from ink starvation of one or more gection
chambers, then the processor may cause resistors to be energized in a bubble moving
pattern to move any bubbles which may cause such starvation.

[00076] In other embodiments, the processor may cause resistors to be energized
in a bubble moving pattern based upon one or more suitable parameters such as passage
of a given period of time and/or a number of lines or pages printed. For example, one
suitable embodiment may from time to time simply energize various electrical
components in a bubble moving pattern as a preventive measure. This particular
example can operate without any system for determining the presence and/or location of
bubblesin the print head.

[00077] Other suitable embodiments may monitor alternatively or additionally
other conditions relative to the print head to determine when resistors may be energized
to manage bubbles and in what pattern. For example, operating conditions such as
temperature can affect bubble formation so that some suitable embodiments may inter-
relate the incidence of bubble management with a sensed temperature of the print head or
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other conditions relative to the print head to determine when resistors may be energized to manage
bubbles and in what pattern. For example, operating conditions such as temperature can affect
bubble formation so that some suitable embodiments may inter- relate the incidence of bubble

t with a . dt erat f th int head or 18 200311400-1 ti t f. Still
othor embodimeA Ry BEHeciaH o RHLMELK DA EcA 6R AR (P EH TR0 propensity
for bubbles to G243y AFFHEHELAASAAL A IS0 BBA DAL 539 Thn ubble meying paters can

be selected based on this data to promote bubble movement away from these particular areas.

[00078] In a similgfremdadissgnt thesasaeealial PaRpiseaidotilase siar onnay &edbased on such
feedback to maximize the effectiveness of the bubble management. For example, if it is determined

that bubbles tendtongéeiveblze anpartieulawayd ovileemgricuiakefeasd path one or more resistors may be
positioned relative to the region to promote bubble movement. [00079] The described embodiments
can provide metHBe& 8nd sydiems T riERadMEbillsoEsensmgh MA@ et SHERMS device.
The bubbles can be managegd by energjzi ne or mare. electrical devices such,as resistors in a
bubble moving prgﬁ/er%edqe)g%dgeo tS r%o%%eglﬁ ortaismoaé'gné' eukt?B egkn NE" fﬁid?@%&% I[e):lﬁgebr%izing can

exploit various Meehaisms AR 1S QUBEISIRMGMERILERSIIHE bRy SleqiHeRldpvices in a

bubble moving pattern can move the bubbles to a desired location along the fluid-feed path. [00080]

Although the invegjive gengentminasse baprnodeseifwd isslabguagespeasitionta sdrasietaltfeatures and
methodological steps, it is to be understood that the appended claims are not necessarily limited to
the specific featuregootsrepsatiesdribethoremedr, the specific features and steps are disclosed as

forms of implementation. _ _ _
[00079] The described embodiments can provide methods and systems for

managing bubbles along a fluid-feed path of a MEMS device. The bubbles can be
managed by energizing one or more electrical devices such as resistors in a bubble
moving pattern designed to move and/or dislodge bubbles in the fluid. Such energizing
can exploit various mechanisms to achieve the bubble movement. Energizing the
electrical devicesin a bubble moving pattern can move the bubbles to a desired location
along the fluid-feed path.

[00080] 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.
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19 200311400-1 What is claimed is: | A fluid ejecting system comprising: a fluid-feed channel (330)
configured to supply fluid to a plurality of ejection chambers (318), individual ejection chambers (318)
comprising a resistor (313) configured to eject fluid from the individual ejection chamber (318); and, a
processor (102) configured to cause an individual resistor (313) to be energized at a first intensity
sufficient to eject HUR FEAMEYEEpective ejection chamber (318), the processor (102) further
configured to cause the resistor (313) to be energized at a second lower intensity which heats the
resistor (313) but does not cause fluid to be ejected from the respective ejection chamber (318), and
wherein the procesgor (102) Garjeneizaealctipaaagnd lower intensity level, individual resistors
(313) in a pattern designed to detach a bubble (602) from a surface (602) defining a portion of the
fluid-feed channel (330). 2a fling-pdteranod (EHO) dOnlidveedito toppluftikechghaaingf33a)imdefined in a
printing device (100), and wherein the processor (102) comprises a portion of the printing device

(100). 3. The systenSBMeRT{ A8l HBA A BB SR8 S) (L Bb AAHOTEI ISR {340 move the
b 602 ¢ TSl 80 3 SR BRI OTS oo o move
(330). 20 200311400-1 5. T t&goééégggrﬁgé)cm@M%ee&ggwgﬁmmg‘t%%)(@%it{gngg to prevent

energized at a first intensity sufficient to gect fluid from a respective gection

chamber (318), the processor (102) further configured to cause the resistor (313) to

be energized at a second lower intensity which heats the resistor (313) but does not

cause fluid to be gjected from the respective gection chamber (318), and wherein the

processor (102) can energize, at the second lower intensity level, individual resistors

(313) in a pattern designed to detach a bubble (602) from a surface (602) defining a

portion of the fluid-feed channel (330).

2. The system of claim 1, wherein the fluid-feed channel (330) isdefinedina
printing device (100), and wherein the processor (102) comprises a portion of the

printing device (100).

3. The system of claim 1, wherein the processor (102) is configured to detach

and to move the bubble (602).

4, The system of claim 3, wherein the processor (102) is configured to move the
bubbles (602) in a direction generally opposite to adirection of fluid flow in the
fluid-feed channel (330).
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contaminants in the fluid from entering the ejection chambers (318), and wherein the processor (102)
is configured to detach and to move a bubble (602) located between the filter (802) and the ejection
chambers (318). 6. A method comprising: positioning a filter (802) relative to a fluid supply path of a
micro electro mechanical systems device so that fluid passes through the filter (802) before reaching
one or more ejection chambers (318) of the micro electro mechanical systems device; and,

configuring a processor (192) %%q{g&%pgﬁﬁﬁ@gﬁpﬁlgﬁ&ﬁl[&qw (?ggpﬁgn&tl%rhjg;&{gsity primarily

selected to heat but not to vaporize the fluid, wherein the processor (102) is configured to energize

the electrical compoggmiiba PALSS A uRESBNEHRFGIAEEE dHeverRPEe3EX) SiiOPRIHen502) located
between the electrical components and the filter (802) to a location where the bubble (602) can pass

through the filter (80@cEssdihg (R thedf wuctditm dsianthanein waie abtiad e (Gt lotaigdbeivesrthe bubble
(602) in a direction generally opposite to the flow of the fluid through the filter (802). 21 200311400-1
8. The method of cldif BlaViSere M HiaSRLer poEmstfing 8 filter (802) comprises forming a patternable
material over a substrate (306) prior to forming a portion of the fluid-feed path through the substrate
(306), and further comprising patterning apertures (802, 804) in the patternable material. 9. The
method of claim 6 fygther (*Aom'&jrggrﬁgﬁsp{&cessor (102) being configured to energize at least some
of the electrical components at a second higher intensity primarily to vaporize at least a portion of the
fluid. positioning a filter (802) relative to a fluid supply path of a micro eectro

mechanical systems device so that fluid passes through the filter (802) before
reaching one or more gjection chambers (318) of the micro eectro mechanical
systems device; and,

configuring a processor (102) to energize one or more electrical components
at an intensity primarily selected to heat but not to vaporize the fluid, wherein the
processor (102) is configured to energize the eectrical components in a pattern
designed primarily to move a pre-existing bubble (602) located between the eectrical
components and the filter (802) to a location where the bubble (602) can pass

through thefilter (802).

7. The method of claim 6, wherein said act of configuring moves the bubble
(602) in adirection generally opposite to the flow of the fluid through the filter

(802).
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10. A device comprising: means for selectively ejecting fluid from a fluid-delivery device; and, means
for heating fluid contained in the fluid-delivery device in a contaminant moving pattern designed to
move a contaminant contained in the fluid- ejecting device without ejecting fluid from the fluid-delivery
device. 22 200311400-1

8. The method of claim 6, wherein said act of positioning afilter (802)
comprises forming a patternable material over a substrate (306) prior to forming a
portion of the fluid-feed path through the substrate (306), and further comprising

patterning apertures (802, 804) in the patternable material.

9. The method of claim 6 further comprising the processor (102) being
configured to energize at least some of the electrical components at a second higher

intensity primarily to vaporize at least a portion of the fluid.

10. A device comprising:

means for selectively gecting fluid from a fluid-delivery device; and,

means for heating fluid contained in the fluid-delivery device in a
contaminant moving pattern designed to move a contaminant contained in the fluid-

gjecting device without gjecting fluid from the fluid-delivery device.
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