;e3eh-e(()$*L+,6, T-GSA S SLOTTED SUBSTRATE AND METHOD OF MAKI NG BACKGROUND
(0001] Inkjet printers and other printing devices have becone ubiquitous in
society. These printing devices can utilize a slotted substrate to deliver
ink in the printing process. Such printing devices can provi de many
desirabl e characteristics at an affordable price. However, the desire for
nore features at ever-lower prices continues to press manufacturers to

i nprove efficiencies. [0002] Currently, the slotted substrates can have a
propensity to suffer mal functions due to, anong other things, ink occlusion
Wi thin individual slots. Such mal functions can decrease product reliability
and custoner satisfaction. [0003] Accordingly, the present invention arose
out of a desire to provide slotted substrates having desirable
characteristics. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0004] The sane
conponents are used throughout the drawings to reference |ike features and
conponents. 1 S [0005] Fig. 1 shows a front el evational view of an
exenplary printer in accordance with one enbodi nent. [0006] Fig. 2 shows a
perspective vi ew oSLOTTEDSUBSTRATEAND METHOROFEMMKINGne enbodi nent .
[0007] Fig. 3 shows a cross-sectional view of a top portion of a print
cartridge in accordance with one enbodi nent. [0008] Figs. 4-6 each show a
cross-sectional view of a portion of an exenplary substrate in accordance
wi th one enbodi nent. [0009] Fig. 6a shows a top view of a portion of an
exenpl ary substrate in accordance with one enbodi ment. [00010; Figs. 7-10
each show a cross-sectional view of a Rortion of an exenplary substrate in
accordance with one embodi nent. 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.
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[00011] Fig. 11 shows a cross-sectional image of a prior art slotted
substrate. [00012] Fig. 12 shows a cross-sectional inmage of an exenplary
slotted substrate in accordance with one enbodi nent. DETAILED DESCRI PTI ON
OVERVI EW [ 00013] The enbodi nents described bel ow pertain to methods and
systens for formng slots in a substrate. Several enbodinents of this
process will be described in the context of formng fluid-handling slots in
a substrate t[6@05] can bEigi hebowsa ftortielevdtivnal viewrdf aneaedmglaey printet er
fluid-ejecting device. 2 [00014] As commonly used in print head dies, the

substrate can saRfideSFitRoREdhBodIAdat Or Ssubstrate that can have
m croel ectronics incorporated wthin, deposited over, and/or supported by

t he substrat athig-filin surface that cap be opposite a back surface
or backsi de. 81 £ i Figap aPTWE2 SPEPESVE Rl PT By Grifdes MASSATGAR K, 1o be
supplied froman ink supply or reservoir to fluid-ejecting el enents

pr oxi mat e to\’éflb@llqwb ers within the print head. [00015] In sone
enbodi ments, this can be acconplished by connecting the fluid-handling slot
to one or non@dd7hk f eeFigpashawsenayss-senivhalofiewlol alioportdupfhypraan i ndi vi dual
ej ection chanber. The fluid-ejecting elenents conmonly conprise heating

el ements, suGhriAdpd infdcB8rdafsd WitRbfe efBadinft@@t fluid causing increased
pressure in the ejection cha portion of that fluid can be ejected

nber. A
t hrough a firj nozzl g. W e €] A ' I ed- by fluid from
the fluid- har{Whg sl oflgwlédgﬁ%&s’h%g%Ig)g?gércﬁggaliqﬁé‘?%gai%ﬁbﬁ%‘r& uid as a
byproduct of the ejection process. |If the bubbles accunulate in the
fiui d- handl i §geRPIEY subsiratedn ageardanse withone embadimertre or all of the
ej ection chanbers and cause the print head to mal function. [00016] In one
enbodi ment, 60091 | ui d-Rign6i shgvssd psvieoanf hpurtion cfanfexgmphiry substrh@tincan
reduce bubbl e accunul ati on and/ or pronote bubbles to mgrate out of the

slots. The sle¢srdsme with &% &BBodiidehi. zi Ng a hybrid or conbinati on process. A
hybri d process can use nore than one substrate machining nethod, e.g. dry

etch, wet et ser, g ri _achi . y. 3
EXEMPLARY PRﬁﬁ'ﬂlkE DEVH %gwﬁ[b@g%g’] Sclll1‘3}")51. Cf%g’ss%ﬁﬁ%ﬁa‘?‘%&éfr%i’gﬂﬁ’gﬁaﬁti ng device
that can utilize an exenplary slotted gubstrate. In this enbodi ment, the
printing deviec‘,‘%megﬁb?"r)i@ggtednﬁ?‘?% ice o| OnpEBRMERty shown here is enbodi ed

in the formof an inkjet printer.
[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.



The.printer can be, but need not be, representative of an inkjet printer
series manufactured by the Hewl ett Packard Conpany under the trademark
"DeskJet". 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 form ng device that

enpl oys slott ubstrates) to,achieve .at portion of its,

functi onal i tﬁq}é;hnpl e SS?WWM‘P PHgt l?f@gadieés&’@éf’}gﬂm? CRILCOMRISCH ¢ not
limted to, printers, facsimle machi nes, photocopiers, and other fluid

ej ecting dewS@@@oanu&RWatEmwﬁmwlmgqm@ Withyn, 2 shows an
exenplary print cartridge 202 that can be utilized in an exenplary printing
devi ce, The pkpoditedaivert,iadd/er sippote bl siedsubktrate Phiathinkfilatdsid@deahdt can
cartridge body 206 that supports the print head. Qther exenplary

confi gur at | O3 opblitd PbIRGAAA A GbatksideOPFe ﬂﬁids@nhiin%suoi(gfc [ditow #019]

Fig. 3 shows a oss-sectional representation o the exenpl ary
print cartridge 202 tak al on i.khe a-a,in Fi t he cartridge
Doy 206 conCamHIGY ik itbowPBRe FEHLH fiishorkr 5?%0“&8381“% Shipg ¢ hi s
enbodi nent, the print cartridge is configured to supply one color of fluid
or ink to th@lqmemﬁspmmate tnejoctiaay chambers within thepuetdieatlbed above, ot her
exenpl ary print cartridges can supply multiple colors and/or black ink to
a single prinootispd. Onsdmeumbddimsnts Athisudanlbezecamplished dyRohndctiagthie i dges
each of which can supply a single color or black ink In this enbodi nent, a

nunber of di fefyeq. ﬁQﬁlegus'léi 0 3ebE RBre iR BepReflicAidUen i blichitage exerpl ary

sl ots bei ng shown at 304b and 304c xenp ary enbodi ments can

di vide the f|UI up ch of ree qu ndl i n | ot's
receives a séBEP ‘ﬂ‘%ﬁd}iglﬂl ‘I°9° ﬁ‘h%‘i‘ @?eﬂr‘ﬂ?ﬂ?’“ﬂgl gsa gﬁlsuti lize
| ess or nore slots than the three shown here. [00020] The vari ous

f1 ui d- handl i §§mPrise beatmgelenagnts, sueh asfiingresistass,dhat heat fluid gusingt e 306. I n
this exenplary enbodi nent, silicon can be a suitable substrate. In sone
enbodi ment s, iswestd pmsﬁ%n thergjgctior hambery A pobitionefshdr shiicdtan Isdugjibcted doped
or non-doped nonocrystalline silicon or doped or non-doped pol ycrystalline

silicon. Exapgbfgh Qfﬁrﬂghﬁ&zla %ﬁﬁlab %Je%téa%ﬁ@b@ﬁglremhwaeoy AN HHRtRer S,
gal l'i um ar seni de gal I "'um phosphi de, i ndi um phosphl de, "glass, silica,

Cont i gur bt o GERGIFHE Nt PRBGHROCh RymsSf gR BR b AR S hapRlctof vart ove

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.



[ 00021 ] The exenpl ary enbodi ments can utilize substrate thicknesses ranging
fromless than 100 mcrons to nore than 2000 m crons. One exenpl ary
enbodi nent can utilize a substrate that is approximately 675 mcrons thick.
[ 00022] In sone exenplary enbodi nents, the substrate conprises a base
| ayer, such as a silicon substrate, upon which the other |ayers can be
formed. The substrate has a first surface 310 and a second surface 312.
Various |ayers fEXEMPINRE PRINTYNCGODEBVIOEf ace 312 are commonly referred to
as "thin filmlayers”. In some of these enbodi nents, one of the thin film
| ayers is th ier yer, 4 1 A arrier

L Rl - R R

| ayer can surround inde ej ection elenments or

fluid drop generators. In this e di ment .. th | ui.d.ejection el enents
compr i se i ¢ engrplagy Soppd sippiier IR it SRR nisRE the BHR iR St oS o
configuration of thin filmlayers, other suitable exanples will be

di scussed belpsinter[ 1§00 A3 prinecrishewn derel iapmbodied ig the formef ia énkjefmpsimterot her
t hi ngs, a photo-resist polynmer substrate. In some enbodi nents, above the

barrier | ayerTHeprierasanfeckutplead aot8d reprosentutive ob adlinkgst printdhgerissi fi ce pl ate
conprises a nickel substrate. In another enbodinent, the orifice plate is

t he sane mat efi { . T na

Bl ar ai ity of Tamfairel}y (REHEWRl BRKES CoiPaB It el farDARY"
resistors can,be ejected for printi .0n a print dia (npt s ). The
various |ayer ecpiﬂh?fgl Q?)o‘iaﬂg’ﬁ ,ﬁa%bgfc‘)gfﬁwP%P%iﬁcga?&ﬁg‘ﬁf“@p%ﬁﬁ?f%%%a@&r ng

| ayers. The configuration given here is_but one possible configuration. For

exanpl e, in avhite aseveihes eadore rhhscterra nprintingedeyiqef refersgp #np typecpitpaintingr | ayer
are integral. [00024] The exenplary print cartridge 202 shown in Figs. 2

and 3 is upsideeiceawl/of irnagd foemapdavicechatenipldysaiotthdrsubgtrata@pe. aciewa at
positioned for use, fluid (such as ink 302) can flow fromthe cartridge

body 206 i nt QePg pBftioHfEtsThindthaklyO ExadPa-03dh z%ﬁgtﬁi% de¥ices ol fachidee fluid

8
can travel thr ougﬁ a fluid-handling passageway 3 | eads to an

LT ing resi atthy a3 (e 36 il i MRORRT Fhotinge R el oS RuET '

Q her configuratjons are also possible. Wien an electrical current i6
passed t hr ou§IFtRg deViEehg resistor in a

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 embodiments4 as described above, other exemplary print



gi ven ejection chanber, the fluid can be heated to its boiling point so
that ‘it expands to eject a portion of the fluid fromthe nozzle 319. The
ejected fluid can then be replaced by additional fluid fromthe

fl ui d- handl i ng passageway 320. Various enbodi nents can also utilize other
ej ection mechani snms. (00026] Figs. 4-10 show an exenpl ary process for
formng fluid-handling slots in a substrate. The descri bed enbodi nents can
efficiently foartridgesiesi supglyaholtiptearoldérg andfor black ifkd27dindle grinthesadows a
cross-sectional view of a portion of an exenplary substrate 306a in

accor dance W ihePfHin@ARGHIHRE mullfe BHANArHidRH ERES Al b dupploa t e Vi ew

shown in Fig. 3. The substrate has a first surface 310a, and ond
surface 312a. .1n this e le, . the first. and second rf.ac are generally
oppos ng.and Siifle HEPT REBATR i, gh s binbFjnfRE SRR R ERINAIC o he
shown here, the first surface 310a can conprjse a backside surface while

the second sundbeg sletszare prpvidady Mithehige exenplery slots beimgchownat 384 vari ous
thin filmlayers positioned upon it. [00028] As shown in Fig. 4, a thin

filmor thin ¥04bpand3@c. Lltfler exetrplarg émbodimdnitecaedioidd thafliidsapplyda. The
thin filmcan conprise anong others, a field or thermal oxide |ayer. As

shown here, ?Pé}aégglfl ??1 teﬂse%yﬁ,fﬁxjfd’cﬂﬁ% n%%%!df?%cei(@é a"sgtf'aritk ‘ﬂuﬂ} ﬁfj}ﬁ}gn@ r at

| east partia iring c rs 322a. Qh exenp odi nent s

can have nore_layers. conpri.sing the. .thin fil Addi tional |y .or

o ter nat i vel By PEREHAGS AP LE eAs? mrs ot o B bt e e « i 111 m
side during, or after the conpletion of, the slottingwgroc SS. . Sti{_l

further embodPP¥2% s 7 The yar léwlmﬂotﬁi@%)@fpaﬁ Bushdegioneotdin film
side before the slotting process and can form additional |ayers during or
after the sl cubstrae po@chsthis {xBHPERY efbbdmdntgiliconfean be 3,suialile ssbstmate t er ned
maski ng | ayer 504 is forned over the backside or first surface 310a, and

patterned to Iﬁ%@ﬂﬁ%n?o&dﬁ:ﬁ&itsﬁsﬁ@ﬁra@e@% Odthpses a%‘??ﬁt’ilihﬁs@s@@t%isﬁél@aﬁr ea. Any

suitable material can be used. In this exanple, the first patterned masking

5101 s gener PGt Br A gPoR g dR S HHE BFSh S LoIRIB sRIPR  ( ons shown
O o R o e s b SGABE 8 e B "
characteristics such that they are resistant to etchin

others, gallium arsenide, gallium phosphide, indium phosphic?e, 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



environments and do not produce pol yneric residues during an etching
process, and that are not renoved by solvents used to renobve photoresi st
materials during a slotting process. The hard mask can be grown ther nal
oxi de or either grown or deposited dielectric material such as CVD
(chem cal vapor deposition) oxides, TECS (tetraethoxysilane), silicon
carbide, silicon nitride, or other suitable material. O her suitable
maski ng mat eronalssclcembodiment] ¢he bartiealagerah sturonrideidégendahtiynvcontrallablepper ,
al um num copper alloys, alum numtitaniumalloys, and gold. [00031] The
patterning offuidgiebidélelgtlis RIRNEND daRratorE A thE ARRATREASHRA. vari ous
sui tabl e ways. For exanple, a photo-lithographic process can be utilized
where the hard sk, can. be for .over. gengral al.l . of the.first surface
And ¢hen: har QISR Clagias St ik EhalEn e ohils Rusdly PSR ea such as
the first area 510. Methods, of renoval can include either_dry _or wet
processi ng. expmplasyronfgyration efthindymelagerscather suiablggxamples Ml beng a fir st
material on the desired area (such as first area 510) of the surface 310a.
The hard nasldiscassetltbelovbe grown, deposited, or otherw se applied over the
first surface. The first material can then be renoved fromthe desired area
leaving it frnem29 harﬁh@ﬁe&kieﬁﬁ&&f )z cm&&ﬁﬁé,‘a{n%h(%adtﬁé’r tﬁﬁxtfgs have a width w,
a leng

in the range of about 100 to abdut 1000 m crons an h (not shown)

correspondi ng,.t | engt h_of sired slot. ,ln on X [ i ment,
The deoiron Srbf-RsihtRdiReLlufube® It S8 ribadishol R bRl TBFR: "on
range fromless that about 1,000 nmicrons to npre than abqut 80,000 m crons.
[ 00033] Ref ePioklice plate §18.6In opeqmehodigent; thg osiige plats eompasesa igkedi ved into
the substrate 306a through the first area 510 (of the first surface as
shown i n Fi gsubstratd. nintamothee xmbpdiment,ithe etifice platetis the 8@ matariflasdhea
cross-sectional area at the first surface 310a that is less than the first

area 5| 0. Fi Garrfst I$REWTh@ oMifieypladantave 8 pliialiliof 621643 10f thedughWehib® | n
Fig. 6. In this exanple, the cross-sectional area of the slot portion 610

at the first 5t I AT AN Y i rst 510,
though such ALILAE BE R AR0uCRsSREH BUIRF GhbbE K riBne ob¥ mifRikate .
formed by any suitable_technigye inclyding, but not limted to, |aser
machi ni ng, s&RR Pwp}-i"ﬁ ,vagmgqu@waﬁﬁnigﬁﬁn%gﬁﬁa%tpﬁgortwcm 2
material. Mechanically contacting can include, but is not limted to,

sawi ng wit h pretedimglayeabpr Ehé cvenfigusation gigendieneus g peg possible configyoationon can
be formed through | ess than the entire thickness of the substrate. This
al | ows 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



t he, use of techniques that m ght otherw se be inappropriate for formng
slots in a substrate that already has thin filmlayers formed thereon. For
exanpl e, |aser machi ning can be used to formthe slot portion 610 since,
'in some enbodiments, a portion of the thickness of the substrate 306a can
be left to protect or buffer the thin filmlayers 410 frompotentially
damagi ng affects of the |aser beam [00035] Figs. 7-9 show an alternative
t echni que f orgivemrgjeatipnachsinber, te fliidrean be hhated thits bailing pomaso Baf drring to
Fig. 7, a second patterned nmasking |ayer 710 is forned over the substrate

306a and pat tegphMRH th jeRKPPORioAoHIRARLId TRITE tH no2zRI10! Ahe Elett&d l@deasi r ed
area conprising the first area 510. In this exanple, the Second patterned

maski ng | ayer, | s for nd:ne f4r. ] i I 4. In this
exanpl e, the t}sleeni%enrcfpg‘gg {1 gyﬁg%Elﬂg%lﬂuﬁ%hpgﬂé% %l‘gg%@%v?@%gwg%%ﬁg&sui tabl e
etch resistant material, such as a photoresist. The photoresist can be
patterned in YAtiPus SHPOAIMRE Fathalsmutilizejafrs sacting achaMeme.o Fig. 8, a sl ot
portion 610a is formed in the substrate 306a through the second patterned
maski ng | ayerf00026] | n Figss4-¢Qahei an exérmplhopropesstfooformingaflwidrhabdliigpr med by
etching the substrate material. One exenplary etching techni que conprises

dry etching. si3tyied &dYstisteC aheldesdribeda elbodinmidtd & SHRERNYY feththisdreand
passi vating. [00037] In some enbodi ments, the slot portion 610a can be dry

etched into t 306a t hrough the second patterned nasking | ayer
(phot or esi st)sﬁfégﬁ%%@éfg such enbodi nent, the slot portion 610a is etched
t hrough the eg(f)osed por,tign 712 (shown jn Fig. 7) of the, subst rpﬁt e's first

surface 310a.l00037} hi s Eigp ahwmprqsﬁrée%@eeln*aemf%aypm%kﬁxrqgl "¥er 710

can define the slot portion boundaries at the first surface 310a as the
sl ot porti on sebhgraté 306t inlhecbrdance witleomadysbodiment OB, vid® is ofi@B36B8] The sl ot
portion 610a can be etched to any suitable depth relative to the substrate

thickness t. sifilathy foqHe vRxesHYvA i REIN ATRESIbStratt has a Giddt stiiee3 f0a0fd £
t han about 50% t o about | 00% of the substrate's thickness t. In this

examl e, the <aldis APRH 91od. Tnehis BRiinblr ANARTUL AN ARG JUBHIA' & °

t hi ckness. I n another i'on passes roug t 95% of

t he substrate's :
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



t hi ckness. [00039] Referring to Fig. 9, the second patterned masking | ayer
710 (shown in Figs. 7 and 8) that conprises the photo-resist |ayer has been
renoved fromthe first surface 310a after the formation of the slot portion
610a. The photo-resist can be renoved in any conventional manner known in
the art. In this exanple, a portion of the first surface 310a still has the
first patterned masking |l ayer 504 conprising a hard mask formed on it. The
exposed fi rstcanhage $1ie thonmiilme) Horsiedtovgotheithin fBmoude bafaredthe lottingh a
sub-portion or sub-set thereof. [00040] Referring to Fig. 10, additional

substrate nmatesdesd and carefopmedditionhblayera datingd oBAR thdslotiap prbeessubst rat e
306a. In the exanple shown here, wet etching can be used to renove the

additional s te ks ts etehy ' ‘| one
it abl o pr od W2OPLY [RERFIM, to PIECS. 3 5! Dikehil) RN 1 Borpidd 0
etchant for a perioqd of ti sufficient to formthe slot 304d. In,.one
oo ment | ONE: tepeekadeortt Bistaef ALl and prferred Badne & fih aire SHor

(Tet ranet hyl anoni unHydr oxi de), anong others, for a period of 1 1 /2 to 2
hours. Et chatbal camgoinpeipealdesiied ased. Shuy Bitablevnatedalcaa e usedit Imthis
selectivity to hard masks and exposed thin filmand other l[ayers. As shown
here, a singlerample, e fives patternedahadkinpolayer 304idah zeshptice 4 hadvrasksackubstrat e
material. In other enbodinments, wet etching can conprise nultiple acts of

wet etching. alfifbtoxld g@%gﬁrﬁ@@ﬂ%@@?{lﬁ?%ghg bR fird AR BAteRMORANIE! ©

material to forma slot t hat region 'S

posi tioned between two shall ow regi o 1004 d 1006. .In.so enbodi nent s,
Phe sl of 304 PORLYS SHOUP EBMRIY A00R KA ha npdesog el PRAPY YelehFhes. t he
slot. In sone of these enbodi nents, the sidewall 1008 can_have a first
portion 1010 [04030] i s gEhebardimasksan co@prishanyaitable snaterigli Fxempiayy and a
second portion 1012 that is generally orthogonal to the first surface. In
t hi s exanpl e maitéxgal§ carshaveahhraoteritdssuch that drgyrars sesistqmotd etohingf one of t he
shal | ow regi ons (1004 and 1006) while the second portion 1012 can conprise
a portion of ehiifoddemyah] 86 abatodZpalfibic RERITE! Alh AIEHE Bricas, Can

avoi d trappi ng bubbles forned i n the firing chanbers 322a as

described in r.e. detail bel ow. 0042 shown i.n . Fig. 10 . rt hogonal
and paral | el A aE g vetby oyuiGhseto T A dre Syt o0 ov ol ng
al ong < 110> pl anes of the_substrate . .

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.



306a. The remaining sidewall portions, such as 1014 and 1016, that form
obtuse angles relative to the < 110> pl anes can be fornmed by etching al ong
one or nore < 111 > planes. An exanple of such an obtuse angle is shown
relative to sidewall portions 1012 and 1014 and is | abeled "q". The
configuration of the patterned hard mask in conjunction with the w dth of
the slot portion and the etching tine can all ow various suitable

confi gur ati on000R]be adknatherduiisbloprdcessineladesyprtteening g firstematkriallamdther t i san.
12 [ 000A3] Existing technol ogi es have fornmed slots by utilizing a

combi nati on Offesied afdaC(BhdlasAHiet W84 5 B0)JTithdsurfdee 309 CERSh4ra MndsRchh ehen
re-entrant profile in the finished sl'ot. Such a profile can cause bubble

accurul ation § . e . . - t Il be
seen in g tqeiilin, Reflsic brR R Bpisd BVbsind BRf AR, 1B Hilodtll,
in a substrate 1104 00044]. The sl ot 1102 shown i.n Fi.g. 11, was f.ormed by
dry- et chi ng a®¥} en Bshm%w fre G%éeé“ﬁ Aera RO b (p o8 HidgiskagpteEde 11 O
and then by wet etching. This technique created a majority of the slot
shown gener al The desirted@rea daathane s widthemeindh¢ sange of ahant WA thalbent 100@n
positioned for use in a printing device, a bubble or bubbles traveling

general | y awaidrofdraml £ RASMAnstiEHoGH cdAsponaingte alldifpth bf $Hesinedisisied 110 can
encounter a slot region 1111 that has a wwdth w3 that is |less than w2 that

can trap the €.l . . f firing
chanbers (not glgﬁﬁ O\Enﬁ?alal?% gﬁ’%@f‘i‘%ﬂgﬁ %Es%%igaggi gan%&?rg 8 3’?:‘8%‘;‘;? a(r?r)gbl{e of an
exenplary slotted suhstrate 306e forned in accord w th the emhodi nents
Goscri bed apoticrons St ehedhs b Bned BOmbles WA St MO0 ekels I BeTaRGhe o ¢

i ndi cat ed general | 5 A sl ot 304e can include a through region 1002e

posi ti oned beth@éR0HAEIMieONns.egi ons 1004e and 1006e. The through region
1002e can have a constant or increasing width w4 starting at a second (thin
film surface[00023 and Refayviapito@igd 6y@sldt portion $1 0 (Dfeeksd deyecsived ane tlfel Oe.
Such a configuration can allow gas bubbles to travel fromthe thin film

side toward t sGé‘t‘é‘S%)B&"ﬁxré‘ﬂ%xr @ thir@lar cjﬂ%‘,(ﬁ@?ﬁ%ﬁ%{sﬂﬁ%g VoW fiepigupst rate

is positioned tor use In a I nting

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 la%)fers formed thereon. For example, laser



[ 00046] Shal | ow regi ons, such as those shown in Figs. 10 and 12, can reduce
the likelihood that a finished print head will mal function. For exanple,
during the manufacturing process it is comon to use glue or sone other
‘bonding material to bond the slotted substrate to the other conponents. The
gl ue can seep into or otherwise clog the slots. Having a shallow regi on can
alleviate this problemby allow ng glue to accunulate in portions of the
shal | ow r egi anachétibg cart beawseidrio form thersbat glorticagd Irsinde, irhsond enbedimenisna i nk

fl ow can be occluded. Further if the shallow regi ons have any reentrant

portion or prttidtof the thickiesf0Ythe Qub¥trabay o acal BE EWRY proteds 6r BiEfdritRd MOV ng
fromsurface noving fromsurface 612e to surface 610e), there is a reduced

chance of a hu S i i : i . he 0 i han pri or

dosi gns. .  oooBHIFEeyisa 18t bOWpOAR e iR AR BB Bhed 21 P
process etches or renpyves subﬁtrate material w thin the slot portion and
proxi mate t hd0®38t por Figsn’-gishewansaltematixe tsghyigue for forming agletipostion in
Substrate renoval techniques for formng the slot portion can be sel ected
with regard tthe sybstrdted0dacReferrispoyFigf 7, racsvoomd pattemddemaskinglayén Tl isan
finish the slot by selectively etching to the thin filmlayers. This can be

achi eved at IfgRadd bver RS Subkttatb 3664 Mdipdiickiad @%Rposesh MakNGISOW pditioh at er al
progression of the etching along the < 111 > planes as descri bed above.

Utilizing wety gt ghi d%?i{é(f’mjeh gbr[?xpri%iﬁg 17 istdres 310 2o &gﬁl@i’é hd fiord " €NGLh

of the resultant slotted substrate®by Tteducing sharp edges, corners and

ot her stress concentrating regi ons. 14 CLUSI ON, [ 00048] Th escri bed
enbodi nent s @aﬁe@eamsmﬁ@yerg%%r@eg P¥er the %%B%?f&?%[ﬂaﬁﬁgs Y6E ngg bstrate
can be fornmed utilizing two or nore techni ques for renoving substrate

mat eri al . Thdhidesamplecthepeonsgmttemedmaasking layerd 10 cah comprsalay)i sudtdblel ot
configuration. The slot configuration can, anong other attributes, reduce

failure of tRechslediktagtimatepial, kadteas Dplhivtoresivd. YTk Hovdresiétl oah Ge\pagerned in
incorporated into a print head die and/or other fluid-ejecting devices.

[ 00049] Nth%ﬂ?r&oﬁ%tiiog%(ﬁﬂﬁﬁﬁp has been described in | anguage specific to
structural features and nethodol ogi cal steps, it is to be understood that

the inventio fined yn.the appended,clai s jS not negessari limted to
the specifi c%@gpljr es %Ffegf%@ppggxﬁi%@&onﬁéﬁ% 18 h{@e ﬂ%ﬁ}erqubgtraést ures and
steps are disclosed as _ )

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



preferred fornms of inplenmenting the clained invention. 15 CLAI M5 What is
claimed is: 1. A print head (204) conprising: a substrate (306) having
first (310) and second (312) generally opposing surfaces; a slot (304)
extending into the substrate (306) along a |long axis; and, wherein the slot
(304) has a cross-section taken transverse the long axis that is defined,

at least in part, by one sidewall ( 1008), wherein at least a first portion

(1010) of thgoan3g] si deTid slof J&16i8H 6162 emitey é@thed thangkhiedbld depth eclhtivesto
surface (310), and wherein a second portion ( 1 O 12) of the one sidewall (

1008) is gen?ﬁé‘%db\étr%rtﬂﬁ e-Sg yl fHY{{rR)uF E?er%élé%exﬁ%cﬁﬁl%ﬁts,( t%%soc%agk%nrge;ﬁ&npri nt

head (204) of claim rein the s as a w dt ong a

di rection generall a | 1ot irst (,310) ,and . secon 312) surfaces
That i s at ) dess asaiRRt St abSu 1h00n pf G sithbate:d BiSETE dn it Sharfbles” The
print head (204) of claim 1, wherein the slot (304) cross-section conprises
a through redhosiofpation)s eiehedtheoughabenid08eebihg spbstrate s thickness. | Inp)  def i nes
at least a portion thereof. 4. A printing device (100) incorporating the

print head (284thepéxaphysie,thd Slot pdrtioh passes bkt abedt 85%toftRddbstrarens ng net hod
conprising: patterning a hard mask (504) on a first substrate surface (310)
sufficient teye ge a first area (510) of the first surface (310); formng
a slot portion %‘gé%) in the substrate (306) through | ess than an entirety

of the first (51 f.the f.irst., surface (310 t.he sl ot portion (610)
navi ng a or odQ0B8L{ 7o ReRtrng® ik fend oofd Bttt metitts MR T GhyRES  Chan
a cross sectional area of the first area (5_10} ; and, after formng the slot
portion (610)n Figschand 8) hat eemptises the plwtwTesish layenbasbesnrempygd fremihey t hi n
the first area (510) to forma fluid-handling slot (304). 6. The nethod of
claimb5, wherfestrsusfacel3 Hutaftet teoformagorpoftheslopportion10a. 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

11



(610) forns a slot portion (610) having a cross-sectional area that
conprises a subset of the first area (510). 7. The nethod of claimb5,
wherein said act of patterning a hard mask (504) conprises covering the
entire surface with the hard nmask (504) and subsequently renoving hard nmask
(504) material fromthe first area (510) of the surface. 8. A printing
device (100) incorporating a substrate (306) fornmed in accordance wth the
met hod of cl atohirfg is Mtilizéd toAeipov e thehabsirdtonamerial. nRi dther ebgatimentsgwet or m ng a
fluid-handling slot (304) in a substrate (306), the slot (304) having a
| ong axis, ection taken transverse the
&Jhﬁig‘tgfg][bl%@éﬁé n(lﬁﬁélé aPRDF et E&ﬁﬁ@

| ong axi s that ast in part one si dewal | ( 1008),

wherei n at a first ortl 110 of theo devva 08) is
gener a1y palGORLy ¢ o' eiOodinéus e el ooy AL SulseR RperiflaBasH ang
wherein a second portion (1012) of the one si dewal | é 1008) is enerally
per pendi cul ap sty 30Ad that hag 2 uengloregionl§P2 thay is mositioned hetwesh twiozshallow
wherein said act of formng a fluid-handling slot (304) in a substrate
(306) conpri sggions W04iangd 1906] & sqine emboditfeh) therslar 3944 cashavield §idewal( 310) of
a substrate (304); and, etching the substrate (306) to renove substrate

mat erial proxpn@ig hi‘l%asikﬁﬁlaﬂl?rdfeﬁﬁéb tﬁ@%ﬂ)} IrPan?é 6?tﬁe§e'éﬁh%dﬂﬁ9&k'tﬁ9 sl ot
(304). 18 ASA(A AA A A A A A

o o oy SR Tl e ]@E}@%&i})ﬁ@} }a%f@]&%%a‘i‘%f@ A A

VKx} . | val gb] X] ca] ca] cal] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cal] caPed3eead [0aend psagand] noation] Glz thatis zengrpity psthegapalAo|thefiesd] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca
] ca] ca] Ca! I eefrfaceh In this example, the first portion 1010 can comprise a portion of one of

PYLETM """ CHA##$A$$%/984 xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajc
a] ca] ca] ca] caleca]aﬁalvqeélsﬁa Cb4 ahg 3b & wialeomb sédomdIpopticipd Ifadm&efuprRe  (f(())

f))*P***CtH+++-, |, - 0-- }xsni d_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca

S AN R AN o

ca] ca] ca] ca] ca] ca] %a])&% a] ca] caU]fca] cal] ca] csa:]' cal ca] ﬁa]eca C{%] cal ca! 88-999: |

- <<f <<{rapping bu ormed in the firing chambers 322a’as wi described 1n 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 “g”. 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.

12



>V>>>C?S?Y?[ ???K@agaEA|l w mhc”~Y] | ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! =AAA0BBBCYCCCHDDLY
E} EEESFWFFFBGGEHHH&I Wi 11 " JqJJ} xsni d_Z] ]] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca! JK KKLLLi L
LMXMVIVIEFN] NNOF OOCBPI PPQPQQQER{ RRRR! Sr S} xsnhc”Y] ] ca] ca] cal] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]calrSS
TaTTTLUUUY 648y BWANExisting technologies have formed slots by utilizing a combination

XXKXXYSYYYHZVZZ[ B[ [[[ | w rrhc"Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca

] Ca] Ca] Ca] m{rg@] ﬁﬁlg%ﬁ;thbb A PRy ﬁx%k@s%]cﬁﬁ‘l‘&%] £7d- Sﬁ}aﬁﬁki({m@‘h{ﬁl\e\ 1111 7B "%

7c\WeT wr mhe Y] | ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca

]ca] cal] c ca ca a] ca! Wcchd>ddd
d#el\ee%‘ t %%@5@%5&6@ 5%9%&?%\/??#?8%??% %@f&%i%@f %g?? ] g]“]ca] ca] ca] ca] ca
] ca]] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal.ca] ca*5i K- Y@L0%
ug' () - Y310e%aowlq 9f sueh @yseatrant profidelgan by segnindkigist I Which i3 & miesasqopyVML0%

U& ()-LKkPi K-Y,10% U& ()-1s*10% U&' ()-Y3(10% U&' ()- Y& 10%U& ()-1#910%

U& ()- Y! ligfpbl®f @ hyditid SRst UR0T Jort@etiAy ¥ $Gbstiat 11040% UL () -: 10% U& () -, f 8MLO%
U& ()-Yy5g910% U& ()-YL310% U& ()- 110% U& () - bwz\ >7Y10 100/@1& ()

)

) -

9& 7

& 8 %@bw@g ()_trhelé%gﬁééh%%%%)%%é@%@ f%(@ﬂy"éﬂ% 10%9& ()-0"

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

10%
10%g

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

13



0w

i K, 7110%9=& ()-'.10%& ()-y, 10%& ()-s*- 10%& () - &10%& () - #10%& ()-! 10%&
"()-\~_albCl10%=10%VE ()- @O%E ()-10%E& ()- 10g 10g

10gf 8s10%y& ()-y5 10%g& ()-J+ s

dEbC110%g=" MLO%VE' () - 310%VE' ()- 109%V&’ () - &LO%E' ()- 109 ()- F 10%W& ()-
WKAEbCL10%g=% 1090VE () - y#Z10%VE () - L! 109 () - 10K (31-

109k () 160036}k () Shallow meionsyspchpg dhase showrgimbigs: 10 and b3/ cappeduce

10M 8S109%VE' () - * mLO%VE! () -' 109%VE' () - . ndEbCL10%g=10% & () -f10% & () - &10% & (
) - 10% & (the likelihood that a finished print head will malfunction. For example, during the

10% & ()-y310% & () - g>dEbCL10%g=810% & () - #@.0% & () -1 10% & (}-, 10% & ()-

10% & () +dQ%e&ink e U793 Ghiedk Q% diher HeA%r dikeeridQ% & () -s*- 1
oon & () ST e HEEET SO et hE e i el %00

10: 710% & (%-Zf 510% &, () -.(|1 dEbCL10%=10% 0& () -10% o0& ()-f10% o0& ()-&10%
2 () - 10hob 8 o0t St 1 faroThereotmapenst o db Bl a5 860 BIO B8 1 @10% o0& () -
1 10% 0& () - @0% 0& (h) -10% 0& () - ! eCdEbC110%g=93G10% 0& () - 1mL0% o0& () -.10%
0& ()-  otherwise clog the slots. Having a shallow region can alleviate this problem by

, 10% o0& ()-s*10% o0& ()-F(10% o0& ()-8.xbCl10%g=y10%&' ()-L10%VE& ()-10%E&' () -
10' 0 10' alldwing/dlaétwsicimiiate iDportiéng of the Bhallow region rather than in the

| dEbC110%g=10%&' () - z10%V&' ()-f 10%Vv&' () - &L0%VE' () - 10%VE () -

1O () vhefh Mg Gt LY OREAIA M o i B8O ded. SARMMEifhe| 109 () -, 510%

e () SRR A HoB A AR b i b, T O 7
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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10M 10M
10MPYy109VE () - nf5 109VE () - 9%6&~&&&* ' q' dEbCL10%g=310% & ()-10% & () - S10% & (
)-& 10% & ()- 10% & ()- 10% & ()-q' ' (f(())dEbCl10%g=&310% & () - #10% & () -
110% & () -1 MLO% & ()-, 10% & () -

10% & ()-)f))*P***dEbCL10%9=9310% & ()-010% & ()- .10% & () -,

10% & ()-5*10% & () - F(Z10% & () - * C+E+F+G+H+++- , bC110%=@ 109%VE' () - LO%VE' () -
@O0%& ()- 10: 10CONCLUSION

10:,f8t10% & ()-f5F10% & ()--,,,-0--. dELC110%9=2z10%V& () - Y310%W& () -
, 31098v& () - i-(ﬂ)m ()- "ﬁ&@@cﬂ ded embodlments can efﬁcwntly form a slotted substrate.
: 109V&' () - —///dEbC110%;—%ﬁl0/N& ) - #&10%VK' () s F10%WK' () - 3310%w&' () -1

il Tl i L e e

109%44& () - &10%4& ()- 10M 10M 10|v@10%v& ) - C333*42444dEbC110%g=
10948 () - 1096Rbstptemagagial )Tlmm@qd)mm&aq e wiiliged to Youm 8 gssipEladnth C1109g=
(10%4& () - %

1098’ () - #10Ubiifiguratic) VEIR (1)t A6hfighidtion carl, QMg (Othe GRTIBUES A0 B lMg=S510%&
' ()-&3 10%& ()-010%4& () -

. YI09%H& () -, b0Pa&)dtied sub@Pdibid pro g@.gféelﬁ% ﬂ'ﬁ%ﬁe{gmc&{a@{&té?d into £ PR & () -
9310%& ()-10% & ()- 10H 10H 1

- A: - <dEbC1109 % 0%4:&: % @10%& () -

10% & () - Lo ‘{1‘? ‘afiglok ottef %Hﬁﬁéi‘gfg%d%ﬁ

10% & () - %% & () #1090 & () 11006 & () - Y10% & () -, 10% & () - 0==
>\V>>>C?dEb C1IW4NSs 1 0d4theygh the invention hds been described in fanguage specific to

&310% & ()-0310% & ()-.z10% & () -, 10% & ()- *10% & () - C2S?V2WPX?Y??2?2K@\V7ym
10%v&' () - LZ168%hditifa) feaGir6@Ak] pthodGlogicaDdtéps, it is to be understood that the

10kk! 17109&K& () -nm710% & () - nK@aa@:AAAJEUV7y mVLO%VE () -

1098v& () - f 31a3@tién dédPYE e a %%@d ¢13ims is not necessarily limited to the specific
-10%v&’ () - AOBBBCYCCAEUV7yn&10

iﬁém/&( § 2 _Clga%%é Eﬁé%%ﬁ%@é‘%%/ﬁ%) sgs%fe(a}ures and steps are disclosed as

preferred forms of implementing the claimed invention.
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1098 ()-,: 109V ()-s* 109 ()-F( 10%W& () -} EEEEEESFWFFbCy
10% & ()- YI0% & ()- ~10% & ()- 10M 10M
10My8109%VE’ () - y5F10%\V&' () - FFBGGGSHHAELCY10% & ()-910% & ()- fML0% & () -
910% & ()-310% & () -
Y10% & ()-HH&I W | | "JdEbCy&10% & ()-#s10% & ()-!10% & ()-F10% & ()- @0% & ()
-310% & ()-"JqJIK KKLAEbCyL3310% & ()-110% & () -

.810% & ()-,10% & ()-s*10% & () S
F(10% & () LLLLLL| LLMbCyFy10%&' () - Fng&aﬁ*IN Y 10%& ()- 10" 10°
10" y810% & 0/‘& () MXMVMEN] NNdEbCy FS10%&' () - F109&' () - FS109%& () - Y& 10%
& () - FMLO% 7 lsiﬂ meddsy ) - NO O00BPI PAEbCY F&LO%E () - YAL0%&' () - Y! 10%& () - YY
10%&' ()-F, 109%&' ()-F 10%& () -1 PPQPQQQERIELCYF9310%& () - F110%& ()-F. 109%&' ()-Y
109 () -F *10%&' () - F3(10%&' () - ER{ R~RRRRR! Sr SbhCyS10%&' () -
810%& ()-10%&' ()- 10 10

10S8109%& () - FyS5H10%& ()-Y109%&' () -

, 109%&' () -s10%& () 100‘@’ ?ﬁ;fglg sz;‘)’%ﬁ&%%,g&

109%&: () - LUUWOWVAEDCY% 109%&’ () - S#10%&: ; s! 109&' ()- 3mlo%&' ()

1098 () - 109%& ()awmmaébmlagfﬁm%§) andsemad(&lla) gammllypppsymgom ()-
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wherein the slot (304) has a cross-section taken transverse the long axis
that is defined, at least in part, by one sidewall (1008), wherein at least a first
portion (1010) of the one sidewall (1008) is generally parallel to the first surface
(310), and wherein a second portion (1012) of the one sidewall (1008) is generally

perpendicular to the first surface (310).

2. The print head (204) of claim 1, wherein the slot (304) has a width
taken along a direction generally parallel to the first (310) and second (312)

surfaces that is at least about 2 times a width at the second surface (312).

3. The print head (204) of claim 1, wherein the slot (304) cross-section
comprises a through region (1002) and wherein the second portion (1012) defines

at least a portion thereof.

4, A printing device (100) incorporating the print head (204) of claim
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5. A fluid-feed slot (304) forming method comprising:

patterning a hard mask (504) on a first substrate surface (310) sufficient to
expose a first area (510) of the first surface (310);

forming a slot portion (610) in the substrate (306) through less than an
entirety of the first area (510) of the first surface (310), the slot portion (610)
having a cross-sectional area at the first surface (310) that is less than a cross-
sectional area of the first area (510); and,

after forming the slot portion (610), etching the substrate (306) to remove

material from within the first area (510) to form a fluid-handling slot (304).

6. The method of claim 5, wherein said act of forming a slot portion
(610) forms a slot portion (610) having a cross-sectional area that comprises a

subset of the first area (510).

7. The method of claim 5, wherein said act of patterning a hard mask
(504) comprises covering the entire surface with the hard mask (504) and
subsequently removing hard mask (504) material from the first area (510) of the

surface.

8. A printing device (100) incorporating a substrate (306) formed in

accordance with the method of claim 5.
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long axis that is defined, at least in part, by one sidewall (1008), wherein at least a
first portion (1010) of the one sidewall (1008) is generally parallel to a first
surface (310) of the substrate (306), and wherein a second portion (1012) of the

one sidewall (1008) is generally perpendicular to the first surface (310).

10.  The method of claim 9, wherein said act of forming a fluid-handling
slot (304) in a substrate (306) comprises:

forming a slot portion (610) into a first surface (310) of a substrate (304);
and,

etching the substrate (306) to remove substrate material proximate the slot

portion (610) to form a fluid-handling slot (304).
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