19 April 2007 SLOTTED SUBSTRATE AND METHOD OF MAKING BACKGROUND [0001] Inkjet
printers and other printing devices have become ubiquitous in society. These printing devices can
utilize a slotted substrate to deliver ink in the printing process. Such printing devices can provide many
desirable characteristics at an affordable price. However, the desire for more feat8ragmalt 280&r-lower
prices continues to press manufacturers to improve efficiencies. [0002] Currently, the slotted substrates
can have a propensity to suffer malfunctions due to, among other things, ink occlusion within individual
slots. Such malfunctions can decrease product reliability and customer satisfaction. [0003]
Accordingly, the present invention arose out of a desire to provide slotted substrates having desirable
characteristics. BRIEF DESCRIPTION OF THE DRAWINGS [0004] The same components are used
throughout the drawings to reference like features and components. 1 19 April 2007 100051 Fig. 1
shows a front elevational view of an exemplary printer in accordance with one embodiment. [00061
Fig. 2 shows a perspective view of a print cartridge in accordance with one embodiment. [00071 Fig. 3
shows a cross-sectional view of a top portion of a print cartridge in accordance with one embodiment.

[0008] Figs. 4-6 each s§pPyYRIEDSStRSTRET HANY MBIHODOFMAKING

BACKGROUND
[0001} Inkjet printers and other printing devices have become ubiquitous in
society. These printing devices can utilize a slotted substrate to deliver ink in the
printing process. Such printing devices can provide many desirable
characteristics at an affordable price. However, the desire for more features at
ever-lower prices continues to press manufacturers to improve efficiencies.
[0002] Currently, the slotted substrates can have a propensity to suffer
malfunctions due to, among other things, ink occlusion within individual slots.
Such malfunctions can decrease product reliability and customer satisfaction.
[0003] Accordingly, the present invention arose out of a desire to provide

slotted substrates having desirable characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] The same components are used throughout the drawings to reference

like features and components.



exemplary substrate in accordance with one embodiment. [0009] Fig. 6a shows a top view of a portion
of an exemplary substrate in accordance with one embodiment. [00010] Figs. 7-10 each show a
cross-sectional view of a portion of an exemplary substrate in accordance with one embodiment.
[000111 Fig. 11 shows a cross-sectional image of a prior art slotted substrate. [09@#2]IRi¢0712 shows
a cross-sectional image of an exemplary slotted substrate in accordance with one embodiment.

DETAILED DE#$8#SPTION Kig/t rhame\a[fioot eleyaidoam yiminaliAn ensiRisey BRW Bertain to

methods and systems for forming slots in a substrate. Several embodiments of this process will be
described in theasondercewishongeinhodimening slots in a substrate that can be incorporated into a
print head die or other fluid-ejecting device. 2 19 April 2007 [000141 As commonly used in print head
dies, the subst{@96an compise shemmizpespettivenisw atbaipaint sartadee in aeesiedansaics
incorporated within, deposited over, and/or supported by the substrate on a thin-film surface that can
be opposite a barth snefantbodibsaitside. The fluid-handling slot(s) can allow fluid, commonly ink, to be
supplied from an ink supply or reservoir to fluid-ejecting elements proximate to ejection chambers
within the print j0@é@}. 10001Fik |3 shavesanhmgiseetiomathiizvaoflactar pontjolisbeal fayntonnecting the
fluid-handling slot to one or more ink feed passageways, each of which can supply an individual
ejection chamhgirifigefidiaceinainecalath M cabydiaitt.

[0008) Figs. 4-6 each show a cross-sectional view of a portion of an

exemplary substrate in accordance with one embodiment.

[0009] Fig. 6a shows a top view of a portion of an exemplary substrate in

accordance with one embodiment.

[00010] Figs. 7-10 each show a cross-sectional view of a portion of an

exemplary substrate in accordance with one embodiment.

[00011] Fig. 11 shows a cross-sectional image of a prior art slotted substrate.

[00012] Fig. 12 shows a cross-sectional image of an exemplary slotted

substrate in accordance with one embodiment.

DETAILED DESCRIPTION
OVERVIEW
[00013) The embodiments described below pertain to methods and systems
for forming slots in a substrate. Several embodiments of this process will be
described in the context of forming ﬂuid-ha.ndling slots in a substrate that can be

incorporated into a print head die or other fluid-ejecting device.



comprise heating elements, such as firing resistors, that heat fluid causing increased pressure in the
ejection chamber. A portion of that fluid can be ejected through a firing nozzle with the ejected fluid
being replaced by fluid from the fluid-handling slot. Bubbles can be formed in the ink or fluid as a
byproduct of the ejection process. If the bubbles accumulate in the fluid-handlingl SIapihe306dn occlude

ink flow to some qr all of the gjection chambers and cause, the print head to malfunction. [000161 In
one embodimeﬁ??)%%hﬂuid-hﬁsa‘f%@%? ca %g‘v%né&co%a}%éir%sdélﬁetﬁ% S%gilercea Uce Bubble

accumulation and/or pramote bybbles to migrate out of the slots.. The slots can be formed utilizing a
hybrid or combiﬁ%lﬂb‘i$?)$88§§ss.ui1%‘?i6gﬁ'r8 aé’é‘f:%ﬂl{%ge &8%§W8ﬂ@g%§a¥mmining method,

e.g. dry etch, wet etch, laser, saw, sand drill tqQ achieve a slot geometry. 3 19 April 2007 EXEMPLARY
PRINTING DE\AeRESiRHEY§ - AR oI YRROLIS k@ﬁh&lé\@’ﬁfﬁ?ﬁﬁd‘&éﬁf&éﬁﬂéﬁ ASSHIRAL S exemplary
slotted substrate. In this,embodiment, the printing device comprises.a printer 100. The printer shown
here is embodid¥ m‘fSrﬁPB‘Fléﬁ“iFfRf@t‘Hrhﬂ%‘F?ldl%eT&?rﬂé‘F%Hﬁwn&ﬁl?fé@ocﬁBF%W@ﬂ sentative of
an inkjet printer series manufactured by the Hewlett Packard Company under the trademark "DeskJet".
The printer 100%RRLAKY 0 besHARHES fAm AR i sHPRYY ararsrrvol e Hluidheiiftitgas well as
color. The term "printing device" refers to any type of printing device and/or image forming device that
employs slotteceUBeRaRIRYiBake thciecsionedanbetFuthst the mrptibeadity. Examples of such printing
devices can include, but are not limited to, printers, facsimile machines, photocopiers, and other fluid-
[00015] In some embodiments, this can be accomplished by connecting the

fluid-handling slot to one or more ink feed passageways, each of which can
supply an individual ejection chamber. The fluid-ejecting elements commonly
comprise heating elements, such as firing resistors, that heat fluid causing
increased pressure in the ejection chamber. A portion of that fluid can be ejected
through a firing nozzle with the ejected fluid being replaced by fluid from the
fluid-handling slot. Bubbles can be formed in the ink or fluid as a byproduct of
the ejection process. If the bubbles accumulate in the fluid-handling slot they can
occlude ink flow to some or all of the ejection chambers and cause the print head

to malfunction.

[00016] In one embodiment, the fluid-handling slots can have a configuration that
can reduce bubble accumulation and/or promote bubbles to migrate out of the slots. The
slots can be formed utilizing a hybrid or combination process. A hybrid process can use
more than one substrate machining method, e.g. dry etch, wet etch, laser, saw, sand drill

to achieve a slot geometry.



ejecting devices. EXEMPLARY EMBODIMENTS AND METHODS [00018] Fig. 2 shows an exemplary
print cartridge 202 that can be utilized in an exemplary printing device. The print cartridge is
comprised of a print head 204 and a cartridge body 206 that supports the print head. Other exemplary
configurations will be recognized by those of skill in the art. [000191 Fig. 3 show%Aqokgd¥ctional
representation of a portion of the exemplary print cartridge 202 taken along line a-a in Fig. 2. It shows
the cartridge body 2B&XEMPAARY IRRIISOENGr BEPHEO the print head 204. In this embodiment, the

print cartridge is configured to supply one color of fluid or ink to the print head. In other

embodiments##0a¢zkribed Bigoeshotve areasmidayypimtige Apsic@0bat cantitibzsamn supply multiple
colors and/or black ink to a single print head. Other printers can utilize multiple print cartridges each of
which can suppiyempimgylalotikat sarbisteatis.irfin. thisteiatsod et eind printingdavidedddenprisékizd- handling

slots are provided, with three exemplary slots being shown at 304a, 304b, and 304c. Other exemplary

embodiments gatintiyitieoth & istintganilicen tat eacmbd divel i de foteh kefaliingjelossineaeives a
separate fluid supply. Other exemplary print heads can utilize less or more slots than the three shown

here. [000201 The ptaxtetsaibd; bancided Antbd Feresontabectbramdhkiegsmnaf rivgbstrate 306. In
this exemplary embodiment, silicon can be a suitable substrate. In some embodiments, substrate 306

comprises a crysialifietaehib bt Hewast HageddCompanaicntho aaddaltifie sikkmeer, doped or
non-doped polycrystalline silicon. Examples of other suitable substrates include, among others,
gallium arsenidehgptitter R00AN G, JASHYBI SFPISRidEn BRRk-SliEdhite 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 slotted substrate(s) to achieve at

least a portion of its functionality. Examples of such printing devices can include,

but are not limited to, printers, facsimile machines, photocopiers, and other fluid-

ejecting devices.

EXEMPLARY EMBODIMENTS AND METHODS
[00018] Fig. 2 shows an exemplary print cartridge 202 that can be utilized in
an exemplary printing device. The print cartridge is comprised of a print head
204 and a cartridge body 206 that supports the print head. Other exemplary
configurations will be recognized by those of skill in the art.
[00019) Fig. 3 shows a cross-sectional representation of a portion of the
exemplary print cartridge 202 taken along line a-a in Fig. 2. It shows the cartridge
body 206 containing fluid 302 for supply to the print head 204. In this
embodiment, the print cartridge is configured to supply one color of fluid or ink to

the print head. In other embodiments{31 as described above, other exemplary print



ceramics, or a semi-conducting material. The substrate can comprise various configurations as will be
recognized by one of skill in the art. [000211 The exemplary embodiments can utilize substrate
thicknesses ranging from less than 100 microns to more than 2000 microns. One exemplary
embodiment can utilize a substrate that is approximately 675 microns thick. [000224pir 2667e
exemplary embodiments, the substrate comprises a base layer, such as a silicon substrate, upon
which the otherdasteidgesnanesstppheniultiple sobens amdfersblatiksinduidarsigie priet Aesstond surface
312. Various layers formed above the second surface 312 are commonly referred to as "thin film
layers". In som@ihktiprastersmdirtibzanohip lefphifie dhitrifigasl agehobwhech @anesupplyr 814. In 19 April
2007 one such embodiment, the barrier layer can surround independently controllable fluid ejection
elements or fluigisilercgRiresablask inkhismethib ogitiatiméne, Auidndjectbdidiemerfiaidemprise firing
resistors 316. This is but one possible exemplary configuration of thin film layers, other suitable
examples will beasligSsIoE: Aeko (MRS HillheeereiaplenldcbaisgEHoIRe a6804ag Other things, a
photo-resist polymer substrate. In some embodiments, above the barrier layer is an orifice plate 318.

In one embodimeab, thgiilfire RIS enibekeent TdalgvidenrRifRiEspplient, the orifice
plate is the same material as the barrier layer. The orifice plate can have a plurality of nozzles 319

through which fiiiceeRisethy e ATRMEARAIRD KRR baRIeS R iRA EriRIAG bR POthepedia_(not

shown). The various layers can be formed, deposited, or attached upon the preceding layers. The

configuration oiuedhiifiey ik RERPERT IR AORIBUHIGR 5 AR BNATHRHYe mbodment

the orifice plate and barfier layer are
[00020] The various fluid-handling slots (304a-c) pass through regions of a

substrate 306. In this exemplary embodiment, silicon can be a suitable substrate.
In some embodiments, substrate 306 comprises a crystalline substrate such as
doped or non-doped monocrystalline silicon or doped or non-doped
polycrystalline silicon. Examples of other suitable substrates include, among
others, gallium arsenide, gallium phosphide, indium phosphide, glass, silica,
ceramics, or a semi-conducting material. The substrate can comprise various
configurations as will be recognized by one of skill in the art.

[00021] The exemplary embodiments can utilize substrate thicknesses
ranging from less than 100 microns to more than 2000 microns. One exemplary
embodiment can utilize a substrate that is approximately 675 microns thick.
[00022] In some exemplary embodiments, the substrate comprises a base
layer, such as a silicon substrate, upon which the other layers can be formed. The
substrate has a first surface 310 and a second surface 312. Various layers formed
above the second surface 312 are commonly referred to as “thin film layers”. In

some of these embodiments, one of thse thin film layers is the barrier layer 314. In



integral. [00024] The exemplary print cartridge 202 shown in Figs. 2 and 3 is upside down from the
common. orientation during usage. When positioned for use, fluid (such as ink 302) can flow from the
cartridge body 206 into one or more of the slots 304a-304c. From the slots, the fluid can travel
through a fluid-handling passageway 320 that leads to an ejection chamber 322.900625)087  ejection
chamber 322 can be comprised of a firing resistor 316, a nozzle 319, and a given volume of space
therein. Other (UIfigifaaBIRY dimensdhe bastie layms cansieieenddadsnrdansly sea@iabsigh the firing
resistor in a 19 April 2007 given ejection chamber, the fluid can be heated to its boiling point so that it
expands to ejedldrissiontltmention SwidrdropgensiasTihe this cabodiment, thadhide replaced by
additional fluid from the fluid-handling passageway 320. Various embodiments can also utilize other
ejection mechaejection[cleaRGiti-ogmpris® SHograsistersdpanT pio ixbstiondgosaléluid-handling slots
in a substrate. The described embodiments can efficiently form a desired slot configuration. [00027]
Fig. 4 shows a exenphaygivondiguricf of phitiidilno 1ayesxethedanitahle sxatepdiicGailh teccordance with
one embodiment. The view is oriented similarly to the view shown in Fig. 3. The substrate has a first
surface 310a, alistasseddsgiowgurface 312a. In this example, the first and second surfaces are
generally opposing and can define a thickness t of the substrate therebetween. As shown here, the

first surface 31628] compTihe babdekBiger SUdana viiiprise, apteanflotisifatags] da can comprise a

thin film surface that has various thin film layers positioned upon it.
photo-resist polymer substrate. In some embodiments, above the barrier layer is
an orifice plate 318. In one embodiment, the orifice plate comprises a nickel
substrate. In another embodiment, the orifice plate is the same material as the
barrier layer. The orifice plate can have a plurality of nozzles 319 through which
fluid heated by the various resistors can be ejected for printing on a print media
(not shown). The various layers can be formed, deposited, or attached upon the
preceding layers. The configuration given here is but one possible configuration.
For example, in an alternative embodiment, the orifice plate and barrier layer are
integral.
[00024] The exemplary print cartridge 202 shown in Figs. 2 and 3 is upside
down from the common orientation during usage. When positioned for use, fluid
(such as ink 302) can flow from the cartridge body 206 into one or more of the
slots 304a-304c. From the slots, the fluid can travel through a fluid-handling
passageway 320 that leads to an ejection chamber 322.
[00025] An ejection chamber 322 can be comprised of a firing resistor 316, a
nozzle 319, and a given volume of space therein. Other configurations are also

possible. When an electrical current ig passed through the firing resistor in a



[000281 As shown in Fig. 4, a thin film or thin film layer 410 is formed over the second surface 312a.
The thin film can comprise among others, a field or thermal oxide layer. As shown here, a barrier layer
314a is formed over the field oxide and at least partially defines firing chambers 322a. Other
exemplary embodiments can have more layers comprising the thin film(s). Additibhaliyrib2@Ternatively,
other embodiments can form various layers over the thin film side during, or after the completion of,
the slotting procgi¥snSigrtignrhaathendhadhns qanbahentedtq ishoitimgdeinheotthatiitn(s) formed over
the thin film side before the slotting process and can form additional layers during or after the slotting
process. [00028kpuaids tingjeotripostionfiof theftaid &com slskimoprly 3l 804 hefejeeied fbudroate backside
or first surface 310a, and patterned to expose a first area 510 that can comprise a desired area. Any
suitable materiathearb®eeptaxtd bythidd wioaaiflaidHHeofishp ditadrleahdiampkpagsagevH032€an comprise a
hard mask such as a thermal oxide. The first area 510 is generally free of hard mask material, while

other portions sNaviougeneballynadiitd 2anaalsohstilizeathengéetiahfareokshim@rseover. 1000301 The hard
mask can comprise any suitable material. Exemplary materials can have characteristics such that they

are resistant to @@#26p envikigng«io stiwhcnrxepipiive prioobs fitdfoasidigeiuddihagdingtching
process, and that are not removed by solvents used to remove photoresist materials during a slotting

process. The hatetsiasksubstge] The dewiibel @fln dintithe caieffiviehtticfraitadesaiattric material

such as CVD (chemical vapor deposition) oxides, TEOS (tetraethoxysilane), silicon carbide, silicon
nitride, or other goitabigigmatesial. Other suitable masking materials can include, but are not limited to,

[00027] Fig. 4 shows a cross-sectional view of a portion of an exemplary
substrate 306a in accordance with one embodiment. The view is oriented
similarly to the view shown in Fig. 3. The substrate has a first surface 310a, and a
second surface 312a. In this example, the first and second surfaces are generally
opposing and can define a thickness ¢ of the substrate therebetween. As shown
here, the first surface 310a can comprise a backside surface while the second
surface 312a can comprise a thin film surface that has various thin film layers
positioned upon it.

[00028] As shown in Fig. 4, a thin film or thin film layer 410 is formed over
the second surface 312a. The thin film can comprise among others, a field or
thermal oxide layer. As shown here, a barrier layer 314a is formed over the field
oxide and at least partially defines firing chambers 322a. Other exemplary
embodiments can have more layers comprising the thin film(s). Additionally or
alternatively, other embodiments can form various layers over the thin film side

during, or after the completion of, the slotting process. Still further embodiments



aluminum, copper, aluminum-copper alloys, aluminum-titanium alloys, and gold. [000311 The
patterning of the hard mask, as shown here, can be accomplished in various suitable ways. For
example, a photo-lithographic process can be utilized where the hard mask can be formed over
generally all of the first surface and then hard mask material can be removed frodPtherledfEd area
such as the first area 510. Methods of removal can include either dry or wet processing. 8 19 April
2007 [000321 Aanirsieswimblbipriboss) ifrrndd oyentberthig fltnstidehefuedhatslottiagired area (such
as first area 510) of the surface 310a. The hard mask can then be grown, deposited, or otherwise
applied over thepfivsesuafatearT foatfiradditzonablayszn dusing errafico thel fhattinghprdeessed area leaving it
free of hard mask material. The desired area can have a width w, in the range of about 100 to about
1000 microns go00adength Refestinpty Eiyréspdisimgtteradd nytbkariglalgexisi# skoformedne exemplary
embodiment, the desired area can have a width of about 350 microns. Slot lengths can range from less

that about 1,00@veicienbdeksidy oifrst alpficed0.04)Qndipmrinddd0Ipdietefitvgaied 106, a slot portion
610 is formed or received into the substrate 306a through the first area 510 (of the first surface as

shown in Fig. Sihdichiieermpriie desizohrartiamd ttiedleinyRkat tagsbeaniédndnlgs at the first
surface 31 Oa that is less than the first area 510. Fig. 6a shows a view looking in the direction of

arrows 6a in Figxaniplé)ithefasoplatdhr CinasksactioRalsoranicshepaiat phntdniR aidbesfirst surface
310a can be contained within the first area 510, though such need not be the case. [000341 The slot
portion 610 caniadaiimeskiicamhé fitoieetes DO YR nerally free of hard mask material, while

other portions shown generally at 512 have hard mask material formed thereover.

[00030] The hard mask can comprise any suitable material. Exemplary

materials can have characteristics such that they are resistant to etching

environments and do not produce polymeric residues during an etching process,

and that are not removed by solvents used to remove photoresist materials during

a slotting process. The hard mask can be grown thermal oxide or either grown or

deposited dielectric material such as CVD (chemical vapor deposition) oxides,

TEOS (tetraethoxysilane), silicon carbide, silicon nitride, or other suitable

material. Other suitable masking materials can include, but are not limited to,

aluminum, copper, aluminum-copper alloys, aluminum-titanium alloys, and gold.

[00031] The patterning of the hard mask, as shown here, can be

accomplished in various suitable ways. For example, a photo-lithographic process

can be utilized where the hard mask can be formed over generally all of the first

surface and then hard mask material can be removed from the desired area such as

the first area 510. Methods of removal can include either dry or wet processing.



including, but not limited to, laser machining, sand drilling, and mechanically contacting the substrate
material. Mechanically contacting can include, but is not limited to, sawing with a diamond abrasive
blade. As shown here, the slot portion can be formed through less than the entire thickness of the
substrate. This allows the use of techniques that might otherwise be inappropriaté %ckfotR{fy slots in a
substrate that already has thin film layers formed thereon. For example, laser 19 April 2007 machining
can be used to f(#693RE slot prmittresafitsbleprovessime mddsqulitteenisg a fixsttivaterfiahentihskness of the
substrate 306a can be left to protect or buffer the thin film layers 410 from potentially damaging affects

of the laser bearde$603bda ltégsh afkioaears Mipofahiy surfabe Bjl0a.foT ieimidgreastotgyothim in the
substrate 306a. Referring to Fig. 7, a second patterned masking layer 710 is formed over the substrate

306a and pattermrd:towxpdsositddast stivevideapplisdovét theffkstenifadenrFacfimpngiregiabe first area
510. In this example, the second patterned masking layer is formed over the first patterned masking

layer 504. In thigay@eiPiR iEa SRECREM LS BreRIA arkireavine it fidecafNeedwiEsk mateddliable etch
resistant material, such as a photoresist. The photoresist can be patterned in any conventional manner.

[00036] ReferringHe digiréi arSiotROKH0D Sk v omMRcAES SrRsikate0 2988dHrA0aD the second

patterned masking layer 710. In this example, the slot portion 61 Oa can be formed by etching the

substrate materigl; i X8 AR BIGHU iR URSIAMAET deymicbinpaRecadbingan nclude

alternating acts of etching and passivating. [00037] In some embodiments, the slot portion 61 Oa can

be dry etched infgye{bgeshiRsiPiE:BOARUNC b b6rsa%R0S RRErES Maskbisa kbR g otoresist) 710.

microns. Slot lengths can range from less that about 1,000 microns to more than
about 80,000 microns.

[00033] Referring to Fig. 6, a slot portion 610 is formed or received into the
substrate 306a through the first area 510 (of the first surface as shown in Fig. 5).
In this example, the slot portion 610 can have a cross-sectional area at the first
surface 310a that is less than the first area 510. Fig. 6a shows a view looking in
the direction of arrows 6a in Fig. 6. In this example, the cross-sectional area of
the slot portion 610 at the first surface 310a can be contained within the first area
510, though such need not be the case.

[00034] The slot portion 610 can be formed by any suitable technique
including, but not limited to, laser machining, sand drilling, and mechanically
contacting the substrate material. Mechanically contacting can include, but is not
limited to, sawing with a diamond abrasive blade. As shown here, the slot portion
can be formed through less than the entire thickness of the substrate. This allows
the use of techniques that might otherwise be inappropriate for forming slots in a

substrate that already has thin film lazers formed thereon. For example, laser



In one such embodiment, the slot portion 610a is etched through the exposed portion 712 (shown in
Fig. 7) of the substrate's first surface 310a. In this embodiment, the second patterned masking layer
710 can define the slot portion boundaries at the first surface 31 Oa as the slot portion 610a is etched
into the substrate 306a. 10 19 April 2007 [000381 The slot portion 610a can be etthégitd 206/7suitable
depth relative to the substrate thickness t. In various exemplary embodiments, this can range from less

than about 50% nmelniaingl@GPbehshd sufistathessihigporten © 10 ssexaspte anbalimpattien is etched
through about 90% of the substrate's thickness. In another example, the slot portion passes through

about 95% of thecrtiosttfiehe thitkiresof[HeGaBitRAa80Gagtm bigleR tihvprotenirt paffertkel masking layer
710 (shown in Figs. 7 and 8) that comprises the photo-resist layer has been removed from the first

surface 310a aftgidhieIayeEON 1Y fhershtaRitng &lhagrhpaftntvRbislagarbbaiemoved in any

conventional manner known in the art. In this example, a portion of the first surface 31 Oa still has the

first patterned Mgl layer piyd. amRGNG alkandtaskclaiings fop fbrmnsexsespdriish afea 510 now
has a slot portion 610a formed through a sub-portion or sub-set thereof. [000401 Referring to Fig. 10,

additional substigtesmiatesiaiogs MR i $,|9ts%QéﬂdtBB%ﬁ|in‘§1§§l§§§ﬁ?e3%6-iH‘ the example

shown here, wet etching can be used to remove the additional substrate material. Wet etching can be

achieved, in but ARG SVEYHY APSstRatE Y IBAMRIE PittiR-AUB PSS AP R AN QiR BR BPERRIA etchant for a

period of time sufficient to form the slot 304d. In one
712 of a desired area comprising the first area 510. In this example, the second
patterned masking layer is formed over the first patterned masking layer 504. In
this example, the second patterned masking layer 710 can comprise any suitable
etch resistant material, such as a photoresist. The photoresist can be patterned in
any conventional manner.
[00036] Referring to Fig. 8, a slot portion 610a is formed in the substrate
306a through the second patterned masking layer 710. In this example, the slot
portion 610a can be formed by etching the substrate material. One exemplary
etching technique comprises dry etching. Dry etching can include alternating acts
of etching and passivating.
[00037] In some embodiments, the slot portion 610a can be dry etched into
the substrate 306a through the second patterned masking layer (photoresist) 710.
In one such embodiment, the slot portion 610a is etched through the exposed
portion 712 (shown in Fig. 7) of the substrate’s first surface 310a. In this
embodiment, the second patterned masking layer 710 can define the slot portion
boundaries at the first surface 310a as the slot portion 610a is etched into the

substrate 306a.
10



embodiment, the substrate can be immersed in an etchant such as TMAH
(TetramethylamoniumHydroxide), among others, for a period of 1 1/2 to 2 hours. Etchants may include
any anisotropic wet etchant that has selectivity to hard masks and exposed thin film and other layers.
As shown here, a single act of wet 11 19 April 2007 etching is utilized to remove thé\sulb2itie
material. In other embodiments, wet etching can comprise multiple acts of wet etching. [00041] In this

embodiment, th¢oetasgnt renThes silisitiote 1odesial e éahed acstaly3dbieddinh eetimioad region
1002 that is positioned between two shallow regions 1004 and 1006. In some embodiments, the slot

304d can have ahgidgnsathtd OB8KRGYsa! IBashRatiakeaplngeiibodvhetiss eiccahthage Gmpodiments,

the sidewall 1008 can have a first portion 1010 that is generally parallel to the first surface 310a and a

second portion JQL3HhRGEREEHETRLY SHBHRAV08H Brihe {istuaiaerickh s TN agiest portion

1010 can comprise a portion of one of the shallow regions (1004 and 1006) while the second portion

1012 can comprige sRPRsHaRh It MeH R ERYIRGHE96% JHifemmplan: earfisisation can avoid

trapping bubbles formed in the flrlng chambers 322a as will be described in more detail below. [00042]

AS Shown in Figgnlae.pEonR ABERRIRIELSERARS,SHIBG I 2R L0ldrsign be formed by

etching along <110> planes of fhe ubstrate 306a. The remaining sidewall portions, such as 1014 and
1016, that form ghtyse.@ngles relative to the <110> planes can be formed by etching along one or more
<111> planes. An example of such an obtuse angle is shown relative to sidewall portions 1012 and

1014 and is lab(ﬂﬁ%lﬂn' The ﬁ%ﬁ@ﬂ?&oﬁi@f &%Q%&t&gﬂg gatterned masking layer 710 (shown
in Figs. 7 and 8) that comprises the photo-resist layer has been removed from the
first surface 310a after the formation of the slot portion 610a. The photo-resist
can be removed in any conventional manner known in the art. In this example, a
portion of the first surface 310a still has the first patterned masking layer 504
comprising a hard mask formed on it. The exposed first area 510 now has a slot
portion 610a formed through a sub-portion or sub-set thereof.

[00040] Referring to Fig. 10, additional substrate material is removed to
form a slot 304d through the substrate 306a. In the example shown here, wet
etching can be used to remove the additional substrate material. Wet etching can
be achieved, in but one suitable process, by immersing the substrate 306a into an
anisotropic etchant for a period of time sufficient to form the slot 304d. In one
embodiment, the substrate can be immersed in an etchant such as TMAH
(TetramethylamoniumHydroxide), among others, for a period of 1 1/2 to 2 hours.
Etchants may include any anisotropic wet etchant that has selectivity to hard

masks and exposed thin film and other layers. As shown here, a single act of wet
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hard mask in conjunction with the width of the slot portion and the etching time can allow various
suitable configurations to be achieved as will be recognized by the skilled artisan. 12 19 April 2007
(000431 Existing technologies have formed slots by utilizing a combination of dry etching and wet
etching. The process can form a re-entrant profile in the finished slot. Such a proffleAgair 280ige bubble
accumulation in the slot. An example of such a re-entrant profile can be seen in Fig. 11 which is a
microscopy imagehafgihytitizedite tarfdvie theeshbstraszibstteriel 1 100tha@ogmbadimentiomet02 shown in
Fig. 11, was formed by dry-etching a slot portion through a hard mask covered first surface 1105 and

then by wet etchitohing bimtestupidseemudtipdel aztsrafority exthimgsiot shown generally as 1107 that has a
generally uniform width w2. When positioned for use in a printing device, a bubble or bubbles traveling

generally away {080u#) seconth shifaeebbiaBdavaisleitiei sémievad eubki@teanatadsitotformslot region
1111 that has a width w3 that is less than w2 that can trap the bubble(s) and occlude ink flow to some

or all of the firingghesnharhiPRASH YButPRGASH 1002 UaBRAY6SiAHED BesRBdn Rwashallaw exemplary
slotted substrate 306e formed in accordance with the embodiments described above. In this example

some of the feaffgsAagRatiano¥e MeINEEHRYRNeR!hdSRIP 0¥ AR RaVEGd YR wdNrough

region 1002e positioned between shallow regions 1004e and 1006e. The through region 1002e can

have a constanQoggraast iasvpaifiaty SEHHEoRE SISECRbHRIBfilfRiSERBeRReRs 2R traveling

toward a first (backside) surface 610e. Such a configuration can allow gas bubbles to travel
sidewall 1008 can have a first portion 1010 that is generally parallel to the first
surface 310a and a second portion 1012 that is generally orthogonal to the first
surface. In this example, the first portion 1010 can comprise a portion of one of
the shallow regions (1004 and 1006) while the second portion 1012 can comprise
a portion of the through region 1002. This exemplary configuration can avoid
trapping bubbles formed in the firing chambers 322a as will be described in more
detail below.
[00042] As shown in Fig. 10, the orthogonal and parallel surfaces, such as
1010 and 1012, can be formed by etching along <110> planes of the substrate

306a. The remaining sidewall portions, such as 1014 and 1016, that form obtuse
angles relative to the <110> planes can be formed by etching along one or more
<111> planes. An example of such an obtuse angle is shown relative to sidewall
portions 1012 and 1014 and is labeled “q”. The configuration of the patterned
hard mask in conjunction with the width of the slot portion and the etching time
can allow various suitable configurations to be achieved as will be recognized by

the skilled artisan.
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from the thin film side toward the backside and out of the substrate 306e when the substrate is
positioned for use in a printing device. 13 19 April 2007 [00046] Shallow regions, such as those shown
in Figs. 10 and 12, can reduce the likelihood that a finished print head will malfunction. For example,
during the manufacturing process it is common to use glue or some other bondintPmaeti2083@ bond the
slotted substrate to the other components. The glue can seep into or otherwise clog the slots. Having a

shallow regiqooods)allevidixittisgtetiinologyesiliavei fiorpled siotadrymtiliaingia pomiingtifithe shallow
region rather than in the through region of the slot wherein ink flow can be occluded. Further if the

shallow regiefaihayeking sadrverdsdrnnTiepaidess cansfoamyapetehivaueprofileriowier cross-section
moving from surface moving from surface 612e to surface 610e), there is a reduced chance of a

bubble(s) btz ¥ dtovsiiciheptafledianregisn ihibblotcsdrsigrion @A §ldn same of the present
embodiments, the wet etching process etches or removes substrate material within the slot portion and

proximate thgxalebletiaitRa feeffsntisefetbmivsseeniarrigSusihichRmavriézebpigues for
forming the slot portion can be selected with regard to speed and efficiency of removal, while wet

etching can finigh-the.99bbi SRIETT ¥l YoRiebd T (OsiftRdate 1filpa layers. This can be achieved at least in
part by the thin film layers slowing down the lateral progression of the etching along the <I | I> planes

as describeqopfpme. Utilzingsnetgiehingdmfinipfpthe sielishrapaisp dRraarmgiestiiength of the
resultant slotted substrate by reducing sharp edges, corners and other stress concentrating regions.

portion through a hard mask covered first surface 1105 and then by wet etching.

This technique created a majority of the slot shown generally as 1107 that has a

generally uniform width w,. When positioned for use in a printing device, a

bubble or bubbles traveling generally away from a second surface 1108 toward

the first surface 1110 can encounter a slot region 1111 that has a width w; that is

less than w; that can trap the bubble(s) and occlude ink flow to some or all of the

firing chambers (not shown).

[00045) Fig. 12 shows a microscopy image of an exemplary slotted substrate

306e formed in accordance with the embodiments described above. In this

example some of the features described above are indicated generally. A slot

304e can include a through region 1002e positioned between shallow regions

1004e and 1006e. The through region 1002e can have a constant or increasing

width w; starting at a second (thin film) surface 612e and traveling toward a first

(backside) surface 610e. Such a configuration can allow gas bubbles to travel

from the thin film side toward the backside and out of the substrate 306e when the

substrate is positioned for use in a printing device.
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14 19 April 2007 CONCLUSION 1000481 The described embodiments can efficiently form a slotted
substrate. The slotted substrate can be formed utilizing two or more techniques for removing substrate
material. The described process can be utilized to form a desired slot configuration. The slot
configuration can, among other attributes, reduce failure of the slotted substrate tt9phppe29@kliver fluid
when incorporated into a print head die and/or other fluid-ejecting devices. [00049] Although the
invention haggeas descihgow piagsusbesifiide: sioichiiaFigatu®smhtbneihesthiogical steps, it is
to be understood that the invention defined in the appended claims is not necessarily limited to the

specific feahy arAiLIsaSHAC Tk Rtnehdhe wibaififiiaatives Podestanpla auimgared as preferred
forms of implementing the claimed invention. 15 19 April 2007 CLAIMS What is claimed is: 1. A print

head die comprising, AP NV IdIRIARASE AN 0sie bIRRRIRRAMS WiRERI 1§ Slot extending

into the substrate along along axis; and, wherein the€ slot has a cross-section taken transverse the long

axis that is d5finetle AbRASRSRAL R DIRULD ASSRBROS TROBILEEINGEB RSBRIIoW regions,

wherein the through region has a first portion that is generally perpendicular to the first surface and a

second poripR AL RIPRE JBRIEAAARS WRHRWHARi A AN BRLGIR N HN v AR

allowing glue to accumulate in portions of the shallow region rather than in the

through region of the slot wherein ink flow can be occluded. Further if the
shallow regions have any reentrant portion or profile (i.e. at any point have a
narrower cross-section moving from surface moving from surface 612e to surface
610e), there is a reduced chance of a bubble(s) blocking ink flow in the through
region than prior designs.

[00047] In some of the present embodiments, the wet etching process etches
or removes substrate material within the slot portion and proximate the slot
portion on the first area of the first surface. Substrate removal techniques for
forming the slot portion can be selected with regard to speed and efficiency of
removal, while wet etching can finish the slot by selectively etching to the thin
film layers. This can be achieved at least in part by the thin film layers slowing
down the lateral progression of the etching along the <111> planes as described
above. Utilizing wet etching to finish the slot(s) can also increase the strength of

the resultant slotted substrate by reducing sharp edges, corners and other stress

concentrating regions.
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regions comprise a first portion that is generally parallel to the first surface and second portion that is
obtuse relative to first portion. 2. A printing device incorporating the print head die of claim 1. 3. A
print head die forming method comprising: forming a plurality of fluid-handling passageways and
ejection chambers over a first surface of a substrate; subsequent to said formingOaApiut2fiQ7of
fluid-handling passageways and ejection chambers, forming a first patterned masking layer sufficient
to expose a desired afeQ@NfEEBEING generally opposing surface of the substrate; after forming the
first patterned masking layer, forming a second patterned masking layer sufficient to expose less than
the entirety of t§00848]red ardhodeserivedremibeditames tamsfficesty forntiarslottbd sulisttatte through
the second patterned masking layer; and removing additional substrate material to form a
fluid-handling sibhesslitteehsiibstsatepiyfbecfdratad tikiaagno s of aceréhwahgiyties fothemadieity the first
surface and the fluid handling passageways, the fluid-handling slot extending along a long axis that

lies generally palsdtedtorifaeetisll SThtadescribedgirotessitit haotilinegdlothas a desissdsdotion taken
transverse the long axis that is defined, at least in part, by one sidewall, wherein at least a first portion

of the one sidewadifig\gation|Yiespitaldafiberitishsatoamonpth e Sfibtite2) Loduvb €xdire second
portion of the one sidewall is generally perpendicular to the first surface, and wherein a third portion of

the sidewall extgfie Hlotethsubseartt e priperiy defdanRAatwale icorpdiatt s iitocepeinhe substrate
and defines an obtuse angle with the

head die and/or other fluid-ejecting devices.

[00049] Although the invention has been described in language specific to

structural features and methodological steps, it is to be understood that the

invention defined in the appended claims is not necessarily limited to the specific

features or steps described. Rather, the specific features and steps are disclosed as

preferred forms of implementing the claimed invention.
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second portion as measured through the fluid-handling slot. 4. The method of claim 3, wherein said act
of forming a first patterned masking layer comprises forming a hard mask. 5. The method of claim 3,
wherein said act of forming a second patterned masking layer comprises forming a photo-resist layer.
6. The method of claim 3, wherein said act of forming a slot portion comprises et8hngitR®&Tot portion.
7. The method of claim 3, wherein said act of removing forms a fluid- handling slot having a through
region positioned between two shallow regions. 8CLAdMtethod of claim 3, wherein said act of
removing corwi elg vi/elt éa#chjng the additional substrate material. 9. The method of claim 3 further
comprising, a SrsRqals ﬁ)‘rming a slot portion and before removing the additional substrate
material, removing a portion of the second patterned masking layer. 10. A fluid-feed slot forming
method comprising: 1forming‘ a rPr%%alé%/ (ﬂg f(I:uinq-r}%rilrgli_ng passageways and ejection chambers over a
first substrate surface; subse%uente[o said %rr%ing g'plurality of fluid-handling passageways and
ejection chambers aveabsirfitsthaubsfiats sod semmnoegemeTally ap@osinpaskfars generally opposing

second substrate sufféfi?g;[( gﬁf(&Oﬁ&%iBh alpa eofa }(f)]re]: sef%nd a)s(%[fgrclg; forming a slot portion in the
substrate through less fiah an entire y of the ?lrs{ 4réalst e <8land Surface, the slot portion having a

cross-sectional areandiiethin sbe oludl has facestkerrisole sk énaraasversstbe dtionak arimatat tefifiest area;

and 1719 Apartillga%Wn part, by a through region positioned between two shallow regions, wherein the
through region has a first portion that is generally perpendicular to the first surface and a
second portion that is obtuse relative to the first portion, and wherein individual shallow
regions comprise a first portion that is generally parallel to the first surface and second

portion that is obtuse relative to first portion.
2. A printing device incorporating the print head die of claim 1.

3. A print head die forming method comprising:

forming a plurality of fluid-handling passageways and ejection chambers over a
first surface of a substrate;

subsequent to said forming a plurality of fluid-handling passageways and ejection
chambers, forming a first patterned masking layer sufficient to expose a desired area of a
second generally opposing surface of the substrate;

after forming the first patterned masking layer, forming a second patterned
masking layer sufficient to expose less than the entirety of the desired area of the second
surface;

forming a slot portion in the substrate through the second patterned masking
layer; and

removing additional substrate material to form a fluid-handling slot sufficient to
supply fluid from the second surface through the substrate to the first surface and the
fluid handling passageways, the fluid-handling slot extending along a long axis that lies
generally parallel to the first surface, wherein the fluid-handling slot has a cross-section
taken transverse the long axis that is defined, at least in part, by one sidewall, wherein at
least a first portion of the one sidewall is generally parallel to the first surface, and
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after forming the slot portion, etching the substrate to remove material from within the first area to form
a fluid-handling slot between the first and second surfaces sufficient to supply fluid to the fluid
handling passageways, the fluid-handling slot extending along a long axis that lies generally parallel

to the first subEtrate surface Wt}erein %e quid-faand ing slot gﬁg{a cross-seftiogn lﬁelé?lni%ra%%erse the
long axis that 1o° Gef A AT A SIH B9 Srei il PHREIN PEAUE U BHISH of the one
sidewall is gesnefadty aadalled e rhaHirst mrtistratetise sidewaHrect e fiona the secehp guirtionabthe one
sidewall is generall rpendicular.to the first substrate surface, and wherein a third portion of the
Sidowall ot HOATTHE SALCHE BT S at TR oI TeEaee R e L e
substrate andedefidgmdith abtusesaregl¢hvaitiylihibesioninbbrubnigpelets measured through the
fluid-handling slot. 11. The method of claim 10, wherein said act of forming a slot portion forms a slot
portion having a cross-sectional area that comprises a subset of the first area. 12. The method of claim

10, wherein said actof patterningEhbanetimodsk demmdsisekecemesant)atiotfimeisgedndtsubstrate

surface with theft ard mas&c anjja subse uentl¥0removin|gapaaﬁqagﬂask material from the first area of the
r

h
surface. 13. Rapr?m%de@gssﬂn t& tom |H€]ersnetrk1r%'(5] 8mprlsmg: forming a plurality of fluid-handling

passageways and ejection chambers over a first substrate surface; subsequent to said forming a

plurality of fluid-handling pgssa -.ejectign chamhbers, ing a fir rtian of a second
generally opposing gUbstr;@%sru%r ﬁ:%ﬁrﬁ%%@%%?&gmés la P(()%:Fr%?r%?a Hﬁo%dsregérg?og\a}g?rtﬁlee@hard mask
and the first poasiang rieyres o @ideatirsungeagiitbie pesisb fepist to expose a second portion of the
substrate surface through which a slot portion is to be formed,;

6. The method of claim 3, wherein said act of forming a slot portion

comprises etching the slot portion.

7. The method of claim 3, wherein said act of removing forms a fluid-
handling slot having a through region positioned between two shallow regions.

8. The method of claim 3, wherein said act of removing comprises wet

etching the additional substrate material.

9. The method of claim 3 further comprising, after said act of forming a slot
portion and before removing the additional substrate material, removing a portion of the

second patterned masking layer.

10. A fluid-feed slot forming method comprising:

forming a plurality of fluid-handling passageways and ejection chambers over a
first substrate surface;

subsequent to said forming a plurality of fluid-handling passageways and ejection
chambers over a first substrate surface, patterning a hard mask on a generally opposing
second substrate sufficient to expose a first area of the second surface;

forming a slot portion in the substrate through less than an entirety of the first
area of the second surface, the slot portion having a cross-sectional area at the second
surface that is less than a cross-sectional area of the first area; and
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dry etching the substrate through the photoresist sufficient to form the slot portion, and, after said dry
etching, wet etching the substrate to form a fluid-handling slot through the substrate to supply fluid
received at the second surface through the substrate and to the fluid-handling passageways and

ejection chambers via the slot portion, the 18 19 April 2007 fluid-handling slot ex@eagdinb2dhg a long
s tat s gomera R bap TR A o A TR AR R T Bt o =
cross-sectionighkintheafistarse théolong fiuis-taat ingsefotddhatdadale frpeatdxecmne sidéwed!, wherein
at least a first portion of the one si Il erally parallel to the first.substrate surface, and
wherein a ses&];?r%a' n&r&?o%u%?? g%éje{:%\gé eevllflé%ﬁEaé@ﬁéé)aq@/s%a&e%aﬁ/&kw%{r’ly&c?ﬁgr}éﬁp g&Losﬁrate surface,
and wherein extiirdippiomyaf libvey sidiswrat Basayedsriibyrptinel lsétotic Hiostisubsiratmsliiacentact with the
first substrate surface of the substrate defines an obtuse angle with the second portion as
mescred oA T AL DAL 18 e Hcehe D e i R R I B posing
comprises apjefiimagl, atheast mamskt vy otieesigietiral Isulheteteas lefate st permaovioitiaodenask material

from over the.fjrst portion. 15, The method of.claim,1 herein said, act of removing,exppses a
cocond port SN e Bt P e s N B A I PR AR TRRE . i
act of removiofjitexpossglavedt gk neoatipmpéraeitiicataare shthftsissldsstrttasuaia e ean o fvher dirst portion.

17. The met fclaim 13, wherein %if% f exppsing compri forming a hard m stlﬁover less
than an el PR <A i SR SRR S S g
comprises first substrate surface of the substrate and defines and obtuse angle with the second

portion as measured through the fluid-handling slot.

11.  The method of claim 10, wherein said act of forming a slot portion forms

a slot portion having a cross-sectional area that comprises a subset of the first area.

12.  The method of claim 10, wherein said act of patterning a hard mask
comprises covering the entire second substrate surface with the hard mask and

subsequently removing hard mask material from the first area of the surface.

13. A print head substrate forming method comprising:

forming a plurality of fluid-handling passageways and ejection chambers over a
first substrate surface;

subsequent to said forming a plurality of fluid-handling passageways and ejection
chambers, exposing a first portion of a second generally opposing substrate surface
through a hard mask;

forming a photoresist over the hard mask and the first portion;

removing at least some of the photoresist to expose a second portion of the
substrate surface through which a slot portion is to be formed,

dry etching the substrate through the photoresist sufficient to form the slot
portion, and,

after said dry etching, wet etching the substrate to form a fluid-handling slot
through the substrate to supply fluid received at the second surface through the substrate
and to the fluid-handling passageways and ejection chambers via the slot portion, the
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anisotropically etching the slot. 19. The method of claim 13, wherein said act of dry etching comprises
alternating acts of etching and passivating. 20. A print head forming method comprising: forming a
fluid-handling slot extending between a thin-film surface of a substrate and a generally opposing

backsid f, f the. sub X | di I is_that li BIPSIG th
gl 1 et e AR o e R A
least in part, fybeinatsalefaed], wmHeeeartiat fIlLSH Hh Hjprg A60Had easbssomitiportakeofrime\vens: shdewall is
elc r’{da ortion of the one

lly parallel to.the thin-film surface of the_substrate. and wherein.
ol S LA PRI, RS Ah i NGO ANe P A SR AL il

extends fromahihsenesiliepaidangenénag lgrpcnial lebtualet Wrth shiestiate-flnfaer fawk wihdhersabstrate and
defines an obtuse argfle W|tFF|;]%eors]8%?&1c\iNgﬁrnon as measured thr?uqh {Hgf?rlgtt'su 1s't Tpe method of

) second on o S genera erpendic rate_ .
claim 20, wherein s& act of forming-a flu andling chﬁ |P| a substrate comprises: flormlng a slot

portion into tiserfmeksittbveoefaireadhittepantisirafehastieatiah e dds Stdrsttisdesdcorehpovieosuiostrate

material proximalg (h.slotparion e, forma lud-anding.slot 82, The method.ofslaim 24y wherein
said act of forming aslot portion ‘comprises ohe or more of: laser machining and mechanically cutting.
23. The methwittothelageold pattiereds saEasacddhforginteafbiat-pantiing stonprises multiple removal
steps. 24. The method of claim 23, wherein at least one of the multiple removal
14.  The method of claim 13, wherein said act of exposing comprises applying
a hard mask over the entire substrate surface and removing hard mask material from over

the first portion.

15.  The method of claim 13, wherein said act of removing exposes a second

portion that comprises a subset of the first portion.

16.  The method of claim 13, wherein said act of removing exposes a second

portion having an area that is less than an area of the first portion.

17. The method of claim 13, wherein said act of exposing comprises forming

a hard mask over less than an entirety of the first surface.

18.  The method of claim 13, wherein said act of wet etching comprises

anisotropically etching the slot.

19.  The method of claim 13, wherein said act of dry etching comprises

alternating acts of etching and passivating.

20. A print head forming method comprising:
forming a fluid-handling slot extending between a thin-film surface of a substrate
and a generally opposing backside surface of the substrate; the slot extending a long axis
that lies generally parallel to the thin-film surface, wherein the slot has a cross-section
taken transverse the long axis that is defined, at least in part, by one sidewall, wherein at
18a



steps comprises dry etching. 25. The method of claim 23, wherein at least one of the multiple removal
steps comprises patterning a hard mask. 26. The method of claim 25, wherein said act of patterning a
hard mask comprises a lift-off process. 27. The method of claim 21, wherein said act of etching

' ' . : . ... 19 April 2007
comprises W?éasettgrﬂp 'p%)grgtllgon of the one sidewall is generally parallel to the thin-film suéfgce of the
substrate, and wherein a second portion of the one sidewall is generally perpendicular to
the thin-film surface, and wherein a third portion of the sidewall extends from the second
portion to the and in contact with the thin-film surface of the substrate and defines an

obtuse angle with the second portion as measured through the slot.

21. The method of claim 20, wherein said act of forming a fluid-handling slot
in a substrate comprises:

forming a slot portion into the backside surface of the substrate; and,

etching the substrate to remove substrate material proximate the slot portion to

form a fluid-handling slot.

22.  The method of claim 21, wherein said act of forming a slot portion

comprises one or more of: laser machining and mechanically cutting.

23.  The method of claim 21, wherein said act of forming a slot portion

comprises multiple removal steps.

24.  The method of claim 23, wherein at least one of the multiple removal

steps comprises dry etching.

25.  The method of claim 23, wherein at least one of the multiple removal

steps comprises patterning a hard mask.

26.  The method of claim 25, wherein said act of patterning a hard mask

comprises a lift-off process.

27. The method of claim 21, wherein said act of etching comprises wet
etching.
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