. he3eWed t6T\IX. i ., 1 SLOTTED SUBSTRATES AND METHODS AND SYSTEMS FOR
FORM NG SAME [0001] I nkjet printers and other printing devices have becone
ubi quitous in society. These printing devices can utilize a slotted
substrate to deliver ink in the printing process. Such printing devices can
provi de many desirable characteristics,at an affordable price. However, the
desire for nore features and | ower pri ées continues to press manufacturers
to inprove efficiencies. Consuners want, anong other things, higher print

i mge resolution, realistic colors, and increased pages or printing per

m nute. Accordingly, the present invention relates to slotted substrates.
BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0002] The sanme conponents are used

t hroughout the drawings to reference |ike features and conponents. [0003]
Fig. 1 shows a front elevational view of an exenplary printer. [0004] Fig.
2 shows a perspective view of an exenplary print cartridge in accordance
with one enboﬂEﬁﬁ"ﬂtED SUBSTRONEES AND METHOIRS AND SYSTEMD FORFORMINGf 2
top portion of an exenplary print cartridge in accordance with one

enbodi ment. (0006] Fig. 4 shows a top Wg&MESf an exenplary substrate in
accordance wth one enbodi nent. [0007] Figs. 5-6 show perspective views of
an exenpl ary substrate in accordance with one enbodi nent. [0008] Figs. 7,
7a and Figs. 8, 8a and 8h.each show a cross-sectional view of a substrate

i n accordance w \\\\ Wpl ary enbodi nent. [00 i ows a top view
of a substrat ey\»\\i\\‘w . 10 shows a top vi ewﬂ%\“‘ﬁ\h@%‘@mﬁ:ary Substrate
i n accordance 'g&gbyenbodi ment. [00011] Figs. LZ show top views
of process steps of ~an exenplary substrate in accor ddh¥& wi th one

enbodi ment. [00012] Figs. 11 a-b and Figs. 12a-b show cross-sectional views
of process steps of an exenpl ary suBaGKGROUNRccordance with one

enbodi nent. DETAI LED DESCRI PTI ON OVERVI EW [ 00013] The enbodi nents descri bed
bel ow pert ai met hogs,: . f.or - i I i g rate.
Several erbod?bB(s of RIHERUS EABUCP brip@id e 1ALS bifortt SHITERR,

formng fluid-feed slots in a . ubstrate. that. can be C
g som%ty. hese prmtr}ng devices can u?lhze a slotteH 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 and
lower prices continues to press manufacturers to improve efficiencies. Consumers
want, among other things, higher print image resolution, realistic colors, and
increased pages or printing per minute. Accordingly, the present invention relates

to slotted substrates.

BRIEF DESCRIPTION OF THE DRAWINGS
[0002] The same components are used throughout the drawings to reference
like features and components.
[0003] Fig. 1 shows a front elevational view of an exemplary printer.
[0004] Fig. 2 shows a perspective view of an exemplary print cartridge in

accordance with one embodiment.



.incorporated into a print head die or other fluid ejecting device. [00014]
" As commonly used in print head dies, the substrate can conprise a

sem conductor substrate that can have m croel ectronics incorporated wthin,
deposited over, and/or supported by the substrate on a thin-filmsurface
that can be opposite a back surface or ,backside. The fluid-feed slots) can

allow fluid, commonly ink, to be suppl i2ed froman ink supply or reservoir

to fluid ejectoons) el engig S dHoRisal d766-detiGh Vidvosf £tvpetion vf déxeniglerypr i nt
head. [00015] In some enbodi ments, this can be acconplished by connecting
the fluid-feeg.sl ; -' f ageways, each of which can
supply an indﬂ%@ﬁ%ﬁphg?ggngﬁhgﬁ%ﬁgg@5efﬁggg urd ejecting el enents comonly
conprise piezo-electric, crystals or heatjng eleqents such, as fifing
resistors that008¥er gi z lg-l‘{ﬁi‘&wéédgp W ﬂt‘%‘b%?&eé%l’ Hy substrate Fhactcﬁgfa@f"ect i on
chanmber. A portion of that fluid can be ejected through a firing nozzle
with the ej ecwih oht einbolisnand. r epl aced by fluid fromthe fluid-feed slot.
Bubbl es can, anong other origins, be forned in the ink as a byproduct of

the ejection poomgess. IFigs bss W@ REGE NIhRIF ahRxémplaty sitidtrhead sl ot they
can occlude ink flow to gsom&* or a I§pof the ejection cﬁaybers and cause the

print head toa&@*&aﬁ@&%tﬁ%&k@ﬁ:@ﬁﬂ%ﬁn one enbodi nent, the fluid-feed slots

can conprise conmpound s ere the conpound slot conprises a trench and
mul tiple slot hol es. The trench can be rmed . in the subsirate and
Connent od t o OABLt | 5165 31 Tt il i 82 ord FReEth SO  ASSHHRIAL 6% The
hol es of the conpound slot can receive ink froman ink supply and provide
ink to the trefrc$ubstiate in accosdamet withhenevexemplasy embodinasnti on chanbers. The
conpound slots can be configured to reduce bubble accunul ati on and/ or

pronot e bubbl pgegjo M gFa ® shdivsaftop ReveoMPaubattatel ot . [ 0001 7] The conpound
slot can allow the substrate to remain nuch stronger than a simlarly sized

traditional st "oC FB B8RS T8 GiehAle SEARARDSHIRAR hicordnya! | OUS

slots and increases su rate stre IS C uration can be scal abl e
to forma con{‘?qgnd lengtd'Of ny practical |ength. EXEMPLARY PRI NTER SYSTEM
[00018] Fig. W'8A/BHE™IA lary printing device that can utilize an
exenpl ary slotted substrate. In this enbodinent, the printing device
conprises a pl0POkler 10&igsTheapd 1Askew soroviawn of pracessetiensdifas examplasy f or m of
an inkjet printer. The printer can be, but need not be, representative of

an i nkj et prigubsetrats é aedrdanoe xdtht afeethbodirhére. Hewl et t - Packar d Conpany under
the trademark "DeskJet". The printer 100 can be capable of printing in

bl ack-and- whi [lﬁlgt()aﬁ']‘d/ or Figy, 'i’ia?lﬁ‘éh&%ges‘!“g%é-ﬁ sASw Wrdss-sBétidifal fews DFPrdcldM

"printing dev refersto any t printing

steps of an exemplary 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-feed slots in a substrate that can be
incorporated into a print head die or other fluid ejecting device.
[00014] As commonly used in print head dies, the substrate can comprise a

semiconductor substrate that can have microelectronics incorporated within,



-devi ce and/or image form ng device that enploys slotted substrates) to
" achieve at least a portion of its functionality. Exanples of such printing
devi ces can include, but are not limted to, printers, facsimle nachines,
phot ocopi ers, and other fluid ejecting devices. [00019] Fig. 2 shows an
exenplary print cartridge 202 that can,be used in an exenplary printing
devi ce such as printer 100. The print éartridge 202 is conprised of the
print head 204erRfled bferCald/sd ﬂggom #88ub{diebn sggggg]ﬁ{meem Y@t i ons

will be recognized by those of skill inthe art. | Fig. 3 shows a

cross-sectional representatian of .a.portigqn of. . .the ex | ar rd.n
cartridge 20705 QPRRUER AR aRe Br ooty Bt fiortith JARTRR HoB 006
containing fluid 302 for supply.to the print head 204. In this enbodi nent,
the print car$em@galy inktebeisynpliad remanink supphe orrseivoisito fluid ejeehing nk t o
the print head. I n ot her enbodi nents, as described above, other exenplary
print cartri deementacostapzdyin gjectiombikanttdromithamthegrinbheesk i nk to a single
print head. [00021] Other printing devices can utilize multiple print

cartridges eagol] Whi Gh s6RB efibRBinterts, #hid Shiebé At dmplishéd BE Lorir2kting thet hi s
enbodi nent, a nunber of different fluid-feed slots 304 are provided. In

t hi s enbodi nmegt. fluid-feed sl.ot Q r . A be
described in lp'e eg‘iﬂgtfé’%° \H’?rﬁ lﬁ(ﬂgfegﬁ ipg?ﬁ%ggw%ﬁgg%ﬁ}%@l&i gﬂﬁ%ﬁ’?‘u Jm
Alternatively or additignal]ly to the confjiguration shown in Fig. 3, other
exenpl ary enb@dividun siection ghambes. The flud gigcting¢lppents COMMONLLEPMPFSE he t hr ee
fluid-feed slots 304 receives a separate fluid supply. O her exenplary
print heads cpinzastietireerysals ooheatmgeelaherits sudhaas firing rekistoes thhtenergiee e.

[ 00023] The fluid-feed slots 304 pass through portions of a substrate 306.

In this exenpfl@d)agsihe dici@dtd presiiré @ithedfeckion @haibératd posieRr it dluid n some
enbodi nents, substrate 306 conprises a crystalline substrate such as

nonocrystalli il ﬁﬁiqgg) L whacl ude,
anong ot her s,&gla Iéﬂﬁc&n&[latr%e e{ﬁﬁﬁgg gé;sszé gﬁ]itgé;%:ﬁgtglri erlﬁ§ %’Q@ﬁ%?&pﬁ&eh%@

sem - conduct i terial. The substrate can conprise variqus, confjgurations
as will be re@@reﬁ%&leo{}méréew% Btbles capaman chfb%&'&T’%Ferr@ wthsce 306
has a first surface 310 separated by a thickness t froma second surface
312. The descinkled byptositichefithe ejeatiomprocessatlf thesmibbles lagcumulatevin theoflgid-

t hi cknesses of substrate. For exanple, in sonme enbodi nents, the thickness t

can range fr ofed siosthiehaan abclule MRF16W ¢d sUitte b0albbf the @fdction OhdmB&LOEndr Crons.
O her exenpl ary enbodi nents can be outside of this range. The 6 thickness

t of the SUbS&a’iﬁéﬁxeiﬁ?in?ﬂga@t’&erﬂmﬁlﬁ{c‘(ioﬁ.”b()di nent can be about 675

[00016] In one embodiment, the fluid-feed slots can comprise compound
slots where the compound slot comprises a trench and multiple slots or holes. The
trench can be formed in the substrate and connected to the multiple slots or holes
formed into the substrate. The holes of the compound slot can receive ink from an
ink supply and provide ink to the trench that can supply the various ink ejection
chambers. The compound slots can be configured to reduce bubble accumulation
and/or promote bubbles to migrate out of the compound slot.

[00017] The compound slot can allow the substrate to remain much stronger

than a similarly sized traditional slot since substrate material extends between the



«m crons. (00025] As shown in Fig. 3, the print head 204 further conprises

" independently controllable fluid drop generators positioned over the
substrate 306. In sonme enbodi ments, the fluid drop generators conprise
firing resistors 314. In this exenplary enbodinent, the firing resistors
314 are part of a stack of thin fil mlgyers positioned over the substrate's
first surface 310. For this reason, the first surface is often referred to
as the thin-fydipussifs £1d inbfeRsdsishbRtais §t?&1g1h. s E&&ﬁgﬂrat'idﬂ ¢ RalaBle
further conprise a barrier layer 316. [00026] The barrier layer 316 can
conprise, among. ot her things, ,as.photo-resist . polyner substrate. In sone
enbodi nent s, t8%8 atcHglpngtﬁ’lslggof e;?raftcaz#ngpffi ce plate 318. In one

enbodi ment, the orifice plate conprises a nickel substrate. In another
enbodi nent, the orifice plate is the sanme material as the barrier |ayer.
The orifice plate can have a plurality of nozzles 319 through which fluid
heat ed by the varEXEMBLARNGPRBEETER SYSTEM can be ejected for printing on a
print media (not shown). The various |layers can be fornmed, deposited, or

attached upornpb§] Pr eC 4. N%khbdk ahexerhPRry pRAtIEAGiéOMatdanatilg8hg | S but one
possi bl e configuration. For exanple, inan alternative enbodi nent, the

orifice plate ryier i r T, rad: have
| ayers, such %X%&}l%grsy t%élsskﬁé%g?.%ggisﬁrgﬂ)g %IH’ @lr% pg;\]/llglrﬁégg‘t’nlge g&ﬂgﬁg%%f t he
backsi de surface 312. [00027] The exenplary print cartridge shown in Figs.
2 and 3 is up¥iMer herpatntershopahesmissmtiodiediin dbe tam of gnnkigbprigtge
positioned for use, fluid can flow fromthe cartridge body 206 into one or
more of the sTl pritercanfyepbut eedsloobs reprbeentdtivedf aainkjetepraitertseriesigh a
fluid-feed passageway 322 that |eads to an ej ection or firing chanber

324 that can RgndRéiuRAbhy B HedAstk-PatkRd Compay uh€erife fra@mirRY Besidtf. An
ej ection chanber can be conprised of a firing resistor 314, a nozzle 319,

and a given t ' er . j_gur at i S
possi bi'e. [ oon S| OAGb HBHAE BE pRhiiGh IR e phieBRRgBE o Badong: .
substrate 3066@ Three fl ui d-f%ed sl qts 30&}& are spown. Each f%ui.drfeed sl ot
ext ends al ongVRit§ ayelh2s colog Ths term "grighing, deviee" reters 10-AnY £yps Ot pinting,; o
enbodi ment, the three fluid-feed slots 304a can be terned conpound sl ots,
as W ||l be exjsviierand/dréimege forming deviemthaterfplgys slbttadisulistrateés) dovachievenats
views of an expanded portion 306al of the substrate 306a as shown in Fig.

4. [00029] Fijgsst aportich &f it NCHGHaSBE CExandh1vd @Nﬁcﬁbriﬁﬁﬁgﬂéﬂb& d¥lihél@de,306m
Fig. 5 shows a perspective view fromslightly above a first surface 310al,

and Fig. 6 shows P& TR 'hgtl]%lsl C face
312al. Slot 3 ngea%&g%‘?‘? i on’ %’ﬁm\g/\%sf ?“ﬁ’g‘.&‘gfgs‘ﬁ%% égﬁé(,ﬁg?%ﬁ% ’c%?pogﬂ%ﬂ{iot
since it is co&ri%fed at least in part, by a trench 502 forned in the
first surfacel¥tBgacEethe substrate

[00019] Fig. 2 shows an exemplary print cartridge 202 that can be used in an
exemplary printing device such as printer 100. The print cartridge 202 is
comprised of the print head 204 and the cartridge body 206. Other exemplary
configurations will be recognized by those of skill in the art.

[00020] Fig. 3 shows a cross-sectional representation of a portion of the
exemplary print cartridge 202 as shown in Fig. 2. Fig. 3 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.



.306a, and connected to nultiple slots 504. Slots) 504, as referred to
herein, may conprise slots, slot portions and/or vias. Individual slots 504
can pass through the substrate fromthe substrate's backside 312a and
connect with the trench 502. [00030] In this enbodi nent, the trench 502 can
have essentially the sane |ength as th% conpound sl ot 304a as shown in Fig.
4, while the slots 504 can be shorter. “Adj acent sl ots 504 can be separated

from one anot hesthéyeribdiinedts Cas Bk &tibedl abos WihdreRSinp Rire prifd @irfritiges 8dh
conprise a reinforcement structure 506 that can provide characteristics to

the slotted s - il ' L il bel ow 8

[ 00031] In so#@%yn@ggfpﬁr%ﬁwg}s %’@gor?é%g(g%?f%kl%gﬂ@ﬁﬂg%&defi ned, at least in
part, by a generally plapar surface that intersects two or .nore of her
general Iy pl aWQ?zlslurfa&tgeRﬂr“ttWé 45’8%68%“@%9@“1?8‘2 I@%ﬁﬁﬁﬂ@gg@iﬁﬁme shows a
surface "a' positioned between and intersecting with surfaces "b' and "¢

of conpound swbich3@dauply heingierbaldi ortriack imky Ih thie embbdimentraf nwgubeatof ons. For
exanpl e, sonme enbodi nents can have a nore rounded configuration that |acks

defini tive i ndigfebeft Fuifeelislota80PMue phovilled eh thRMERIHodiMentathe TRRQERd sl ot .
[ 00032] Exenplary conpound slots can have various sui tabl e confi gur ati ons.

In one exanpl I g . . L.CIrons
and can be cosﬁr%trs ?’g g%@?&g&@gﬂﬁg g?@?\éq@ngrchﬁgggﬁgie]{egﬁgkelnégﬁﬁgglgﬂﬁ; can
al so be conpri }gd of . .one or nore reinforcenent structures. In one exenplary
enbodi nent, tRd18bMptaind sl ot has six reinforcement structures each of

whi ch has a | ength of about 600 m crons whil e adjacent reinforcenent
structures arl@0822)ar at ddtemgativietyt or agiditiomelly todeeonfiguratien shawn i Eig. 3,

enbodi ment, the slots can pass through about 90 percent of the substrate's

thi ckness whi dthet i@nipl @9 emtodingas sarl divideahe AbREuppE soahatsath of theutlfdeous
enbodi nents, the depth of the trench can range fromless than 50 mcrons to

nore than 40 ' her K <Fi JTelVS : i onal
i ow t aken (S Eel SoR AT AR Frep N htly, Qi MEnQ L BERe RS, o1
Fig. 4. Inthis view, the co Ogﬁqtg sl,ot, 304a is . extending into and out of
the page. |n GaRditHlizgdess O more slotstham thedhree SROWRBRRSH 502 can be seen
proximate a first surface 310al, while substrate material in the form of

t he rei nf or celf8083] st r udthe fnidd@desiate A passithroygh pertivnapbasubsirata 346 Ivonnect
substrate material on opposite sides of the conpound sl ot. 9 [00034] Fig.

7a shows an ethjzoexdamplary enbolimemsilican canfbetdwitableSubstiate. SsdmMeshown in Fi g.
7. Fig. 7a shows the trench 502 being defined, at least in part, by

embodiments, substrate 306 comprises a crystalline substrate such as

monocrystalline silicon. Examples of other suitable substrates include, among

others, gallium arsenide, 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.

[00024) The substrate 306 has a first surface 310 separated by a thickness ¢

from a second surface 312. The described embodiments can work satisfactorily

with various thicknesses of substrate. For example, in some embodiments, the

thickness # can range from less than about 100 microns to at least about 2000

microns. Other exemplary embodiments can be outside of this range. The



two. sidewal | s 702 and 704. The two sidewalls can lie at an angle a of |ess
than 90 degrees and greater than about 10 degrees relative to the first
surface 31Ca, . In one enbodinment, the sidewalls can lie at an angle a of
about 54 degrees. [00035] In the enbodi nent shown here, a v-shaped portion,
shown generally at 706, can at | east i$ part, define the trench 502. As
shown here, the two sidewalls 702 and 704 conprise at |east a portion of
the v-shape 7@fickref¥O¥Ghe Iﬁ&tﬁafeeiﬂfﬂﬁeifa&ngﬁfy EMbbdiftfenCO4Bd MduR6TS rst wi dth
w, that is proximate the first surface 310a, and that is | ess than a second
width w2 which.is nore distal to the first surface. In this embodiment, the
first and second wdths are defined relative to the first and second
sidewal | s 702 and 704, thqugh suych npeed not b h ase. [Q0037] Fig. 8
shows a cross!W88l onal‘&ﬂl? @ﬁﬁdﬁé@‘i@&“ih@a&?@!%ﬂ FRPIPEFSSs- section is
taken along the long axis x of the conpound slot 304a as indicated in Fig.
4. Fig. 8 shoixslependentiy homosilablenfinidgirome geneadtbss positionedioverithe sibstrgtet306. f i r st
surface 310al while two slots 504 that are nore proxi mate the second

surface 312a, §oiné@RbédihRAtshIheTURE UfcH EenBRES capfiodHfihg rddistérs3aUNTPr Ci ng
structure 506. This may be nore clearly seen in Fig. 8a which shows the

sane enbodi nejt i 1. ds id): ] i I ti QI ONS
or the readerts PpRfly dafiidhe i e feliSh Y £t pif o SRHER dr Vi A
structure 506, can in, so enbodi nent s ave term nus 800 proxi nate the
First surfacel®¥SBROSIRRES Lo B as's ot shrface Saft F r g featondiq ATt For
exanple, walls 802 and 804 are 10 shown in Fig. 8 and have different

angl es rel at i surface is dfterf referredstaras dlagcthin-filrs side ag tioefilnesurfacet Rbe dhiglfdo wal | s
can be forned along [ 111 ] planes of the substrate. [00039] In this

enbodi nent, t agers\wan Fnghed Eoniplrisé a baftiedlSRer Bo6.m a portion of a triangle.
This can be nore clearly seen in Fig. 8b that shows an expanded view of a

portion of thgggagyst r atyge 363 ‘%%f%lgica%l‘@g?ﬁéég‘ mfr"-@iolct}xeéélﬁn%%ias exanpl e,

t he reinforcenhent 'structure’ s t angl e 02 an rma portion

of a triangle 806 shown.in dashed lines. In this embodinent, the triangle
conpri ses an PRYSTEY g)og)pp%wélﬁg,rg?.hw%genhoﬂ@gatsg&ovsgﬁq ﬁ@&’é@‘gf’“& her
enbodi ments can have a term nus 800 conprising nore angled walls. For
exanpl e, in s¥nerifiemplatedl$ In onhembediment.sthe arifieoplote eamprings agigkebd wal | s
that format |east a portion of a pyram d shape. [00040] The shape of the

rei nf or cement subktrate! Wi encthécdmbatdimenta theadrifivg plate dvihe umite Shatérisl astignch to be
deeper at regions proximate a slot S04 than at regions nore distant to the

oo RS, Sip Ry auien by oot i,
- o B T . H . ) . !
. o, RS o 090 GO0 AR o ™

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. The substrate can also have layers, such as a hard mask
320, positioned on or over some or all of the backside surface 312.

[00027) The exemplary print cartridge shown in Figs. 2 and 3 is upside down
from the common orientation during usage. When positioned for use, fluid can
flow from the cartridge body 206 into one or more of the slots 304. From the

slots, the fluid can travel through a fluid-feed passageway 322 that leads to an



.conmpound slot in sonme enbodi nents. [00041] Bubbl es can, anong ot her

origins, be forned in the ink as a byproduct of the ejection process when a
slotted substrate supplies fluid that is ultimately ejected from an

ej ection chanmber through a firing nozzle (described in relation to Fig. 3).
I f the bubbles accunulate in the fluid.feed slot they can occlude ink flow
to sone or all of the ejection chanberg and cause a mal functi on. 11

[00042) In sogectffn dr'thi Hb@?ﬁz&ﬁ%?@%:ﬂ?‘&é‘me&hﬁ 1@459{&1%11,%3%& p&tier can be

oriented in a’printing device so t first surface 1s proximate the

print nedia. |l nk n then flo ner al fromtnh Lnt cartridge body

Phr ough e <a8& 180 A SRetior eERE ALY poEea R b rebRohel e ace. ” wher o
it can ulti mateli/ be ejected fromthe nozzles. Bubbles can travel in a

di rection geritazale 319 paba giventvelumeof spece therein.TREhe configwatorsasedlseent s can
i ncrease the propensity of bubbles to mgrate as desired. For exanple, as
shown in Fi g.pdbkibld. he i ncreasing depth of the trench 502 can all ow bubbl es
to mgrate toward a slot 504 where they can mgrate generally away fromthe

first surfaceogddsy. i“f?%tg oWs Alvieh droll sbdietd i3t flrvace81005f 4 SfbshuRRstrat e

306m [00043) The desc slotted substrate conprising conmpound slots can

be much stro an Rpr.evi o i.gns. .Consi I ich a
radit i onal olie: dAnG AURERL oG RaR snofS Hich tlideed SR BRRF 8062, o1 ¢ e
substrate wi th conpound sl ots, E,OOQ44) Fig. 9 shows a substrate 900 that
has three sl dOB8 a%is, abexaatple pewaich is lbgiedt x211n Sipmbediment the thege | s
renmoved within individual slots 902 so that adjacent slots are separated by
substrat e matfiuiddeed $lats 304a sappe tarmed sompbyndeotspaswil Elspexqilaiued belpwdant

slot ends. This substrate material is often referred to as a "beani, an

exanpl e of WheGiioh%o FIRVS-84RASAbWWaRbuPPitws 99 6H eRSAIEd 8Qﬂicﬁ1‘3ﬂﬁaggf tﬂ@;gr m

relative to the substrate material at the ends of the substrate 0,

exanpl e of i i 0 eneral.l y, here at 906. This can be especially
probl emat i c@%‘ggh'%t?gag%%p%&’ﬁp] ?illé'i%ned cl oser together to achieve a

smal l er print head. 12 [00045] . A beam 904 can ogt?{; di stort, é)énd and/ or
buckl e from tA8029&ner aFIgs- pRBA QishewRerspastave Waws ahsubstatenerion 39621.900 can
have prior to slot formation. Such distortion can be the result of

torsi onal forKigs$ skowsapespestive veswp froineslightly bboveaeficst burtfacetd Oah end Fig.
integrated into a print head. For exanple, torsional forces can be neasured
by a resistangehoWs 4 pespectivé eitwsiomisligh@y hbovéayiceon®siirfe13a0a,. Blai
configuration relative to an axis that is parallel to a |long axis of the
substrate. Thﬁ)4a

a portion of which is shown here, is a compound slot since it is comprised,
at least in part, by a trench 502 formed in the first surface 310a, of the substrate
306a, and connected to multiple slots 504. Slot(s) 504, as referred to herein, may
comprise slots, slot portions and/or vias. Individual slots 504 can pass through the
substrate from the substrate’s backside 312a and connect with the trench 502.
[00030] In this embodiment, the trench 502 can have essentially the same
length as the compound slot 304a as shown in Fig. 4, while the slots 504 can be
shorter. Adjacent slots 504 can be separated from one another by substrate
material. Such substrate material can comprise a reinforcement structure 506 that
can provide characteristics to the slotted substrate as will be discussed in more

detail below.



.long.axis of the substrate being generally parallel to the long axis of the
slots. The distortion or deformati on can make the substrate weaker and nore
prone:- to breakage during processing. [00046] Distortion and/or deformation
can al so make integrating the substrate into a die or other fluid ejecting
device nore difficult. Oten the substrate is bonded to other different
substrates to forma print head and ul t8i mately a print cartridge. These

di fferent subgpgsyes Cflﬂs&%e%%ﬂb%fiﬁﬁeﬂtéﬁ%@o RInldQshts ESde ddffmed! AdE£Esh bY
exi sting technol ogi es and can cause the slotted substrate to deformto

their configuration. The. distortiaon t.h rjnt head cap chan he
geonet 1 es aibihten sarauiiehg sietebe ot R e dt Miyre BsRBEREAIY (ot e on
the distorted portions of the slotted substrate. [00047] The exenp|ary

sl otted substplanarsugfpecsafithe eempatndrlot; &'os geamples ignd shaws a swdacean’ bet t er
mai ntain the planar configuration that is desired in many print heads. This
can be seen bpositivnedbetvgecnadddnterseltingywith etitfecks Shlmid ‘at ef Ggpoumdatet i n Fi g.
10 to the slotted substrate shown in Fig. 9. Fig. 10 shows the substrate

306b with thrmacm&%}ﬂb&diﬂ%ﬁtsﬁ%bhév%fo@i?& cbﬂﬁ%ﬁitaﬂonsT%r%ﬂﬁmgléngorﬁé ots have

reinforcenent” structures 50 positioned I nter tently along their |ength.

13 [00048] The rej.nforcenent structures,50 can ng. o t,.things, serve
Lo connect orombdlifisRR SRR FAve & i€ rainded SonifiEtn BEDRAIEREN S "o;
conpound sl ot, 304b., The_ rejnforcenment structures can support the substrate
material or bBEEEICEHERYOL vallqus seRfaces cAmprising @ qeBIPAEE slot acent conpound
slots. One such beamis shown here generally at 904b. The rei nforcenent
structures cai00edzpport Bxempharpcompdundsloseah hevevarjpem suitablef t he beamto
deformrelative to the substrate material 906b at the slot ends. This can

be especi al | yooaghigarRes OPond examiyieliaBafippuifl 8fot cil Rivel :38AEH dfabburcr eased

and/ or the distance between slots i's decreased. When a traditional slot is

| engt hened t denci es t.he beans 0, def.orm.i nifigd, whereas
wth the exeri AREaRHTnd e BeoniRRd of S rdRcir bEnRe BRR.  ffes “Can he
provided as the slot |ength is increased to maintain_substrate continuity.
EXEMPLARY METSOERSUndGitgpn Flsgize comprised of ofigPripeye reipfoyeement strpomirgsy dn 1 o
illustrate process steps of an exenplary nmethod for form ng conpound slots
i n a subst r atene axemplay dmbodimént/the compounsd slathesaix winfordemeohstruniyries

i npl enentation, a substrate can conprise, at least in part, a print head

waf er. (0005Machiofwhich Ed3@Vfength\of @¥ouit’'GO0MRREIS WHIR adljdeeht Rirforkefent Whi | e
Figs. 11 a-1llb show two different cross-sectional views through the

substrate as .n%%.gg‘@slaﬁ?is%é‘c}rﬂeg byjsi]tfts @ﬁa&ﬁ)ﬁh%ﬁli&&éﬁ 5 ds %friﬁogimgﬂt flhe the

substrate 306C surf ace C and second generally opposing

f 312c. .[00051] S f.th itabl e i t at.i | |
\s/g;i gﬁg | aygrsgétsg%nlss %%g]? about Ospuelrce%t oF thlerg%setrrg?enst i::l?nrgs Sv%ﬂe € ow

trench can pass through about 10 percent. In various embodiments, the depth of
the trench can range from less than 50 microns to more than 400 microns among
others.

[00033] Fig. 7 shows a cross-sectional view taken transverse a long axis x of
the compound slot 304a as shown in Fig. 4. In this view, the compound slot 304a
is extending into and out of the page. In the cross-section shown here, a trench
502 can be seen proximate a first surface 310a;, while substrate material in the
form of the reinforcement structure 506 extends across the compound slot to

connect substrate material on opposite sides of the compound slot.



ras thin-filmlayers, to be positioned and/or patterned over either or both
of the first and second surfaces before form ng the one or nore conpound
slots) (304c and 14 304d shown Fig. 12) in the substrate. In this

i'npl enentation, nultiple thin-filmlayers, including a barrier |ayer 316c,
have been positioned over the substrat? s first surface 310c to formfiring
chanbers 324c and associ ated structures, such as fluid-feed passageway

322c, as descygobsf abores AshewWshn ekﬁaﬂdeasfiémf@mmtdf% subB@atk 3084, _
surface 310c can be referred to as the thin-filmsurface. Additionally, in

this inplenmen .00, t he
substrate's sée@yr{ldﬁsl:dg'fQ%QBﬁ%%ﬁg%reﬁépg%| S P@?@hﬁﬁ%{a@%g’qggﬁ’%e
referred to as the b i.de surface. [00052]. A plurality of slots 504c and
504d can be f%Y%geWﬂfsg?dzﬁé‘dsﬂ)&s?ﬁ‘Stt&Jbéﬁgé”a% cgfﬁhmt @‘bﬁél%lfll legs t " For
exanple, Fig. 1 la shows a cross-sectional view where two slots 504c and
504d wer e f ordegteastand gnéatertthans abposit 1 Qtdeg@osrs]ativeit herfingt surfase3H0es Ia
cross-sectional view of the substrate where no slots were fornmed. As shown

in Figs. 11 agt dbalimed tib siddwidlls cagllie a@hn shgle & FTAB6UESdHPLs. have been
formed for two respective conpound slots (304c and 304d shown Fig. 12).

[00053] 1 n_t hjghodsfP! bl d:oaibafs $lofhher 4 ShaBhs phRIoHEthoh kiRraifEONd

surface 312c t he "secon ace conprirses  a this

i npl ement ation,, the slqots are spaced general venl |l ong a | ong axis of
an i ndi vi dual atJ@ﬁpmngSb{np%%eé% It@,"cﬁﬁé%sgéﬁg‘i"éﬂgeﬁx&? twWe {'s shown
in Fig. 11. In other inplenentations, a plurality of slots can be forned at
varyi ng di st asidewdlisoif2omd Adeomarisaatileast aporiversof the veshape 766t from a | ong
axis. Further, as shown here, the slots are bisected by the conpound slot's

l ong axis, thpoeds}such Thetrench 502 cihfarthes ompriNe LABIPdh v thatiper
enbodi nents, the slots can be offset fromthe | ong axis. 15 [00054] The

sl ot s 504¢-d 5a0irhfe HRY R Asuiick 3108\l Mot W ickIHaR olsEEH GHifn WEHNEKRTP! €

in one inple tation, the slots are tornmed utilizing [aser I NIl ng.

art. For  exarPe, S9ACIoHF Fis FETpcks Jn (R PRAIRE op SRt AR SROnd TS, 2 | abl o

can conprise the Xise 200 | aser Machi ning Tool, manufactured by Xsil |td.
of Dublin, |raedafined Glaysito thenfirst and seapndsidewslls Y2cand W4, though such he
slots, such as 504c-d, can include etching, sand drilling, and mechani cal
drilling, anowegdaiohbe the dage.one inplenmentation utilizing etching, areas of
t he backsi de hard mask can be

[00037] Fig. 8 shows a cross-sectional view as indicated in Fig. 7. This

cross-section is taken along the long axis x of the compound slot 304a as indicated
in Fig. 4. Fig. 8 shows a trench 502 running generally continuously along the first
surface 310a; while two slots 504 that are more proximate the second surface
312a, are separated by substrate material comprising a reinforcing structure 506.
This may be more clearly seen in Fig. 8a which shows the same embodiment as
Fig. 8 and aids in illustrating the respective regions for the reader.

[00038] Returning now to Fig. 8, the reinforcement structure 506 can in
some embodiments, have a terminus 800 proximate the first surface 310a, that can

comprise two differently angled walls. For example, walls 802 and 804 are



. patterned to control the areas through which slots are forned. Alternating
acts of etching and passivating can formslots into the substrate. In sone
enbodi ments, such alternating acts of etching and passivating can conprise
dry etching. Such an etching techni que, anong others, can formindividual

sl ots having an anisotropic slot profile. An exanple of such an anisotropic
slot profile can be seen with slots 5d£c-d in Fig. 11 a. [00056] Sand

drilling is ahgWaRRME S andHabe AFfRERGAERs YR fodhd st SRifRlel gh sbier enoved
by particles, such as al um num oxi de, delivered froma high-pressure

airflow system n rilli i I fer I I

abr asi ve san&“}?&?ﬁf‘%ﬁ%&‘e h@g%glﬁggg%f%é;foo ea%ﬁ%’%ﬁ%?@a@ ﬂ%&(ﬁfﬁ%ﬂéﬂ%ﬁtﬁ.

i nclude the use of various saws _and drills that [e Sui t%bl e for renpving
substrate matl@d038] . Al Insthiembedigient; ﬂ&quna}féiwaisqaaamr ARG RAFBORPh¢ s
utilizing a single technique, various renoval techniques can be

advant ageous laytriangibi This dan Heanoretchearlylse¢rsin FigOfththat shows apsexpafidedidawand 12b
atrench is formed in the substrate 306c as shown generally at 1202. In

sonme i nmpl emeRjFatopiish of the shibs2REdB06R,; APNlittRUAGR détdil) In tHig ekﬂﬁ?ﬁl theal i ty of
slots, such as 504c (as described wth respect to Fig. 11), to forma

d sl . ) . h
havi ng an_ | neRTaraey e St VG plG Rl BOLR B ror dBoR BT O o

502c is contiguous wth slot 04¢ and trench 502d is cont|guous.with slots
504d. To ai d H#Rgle §%éb9wrrwg§as§%lmﬁd& HSgmbp et sh I cqrprissh e

generally with arrows, while the respective areas of trench 502d and sl ot
504d are genesaatélys gtangte, though such nkzd metibé theecasd. 0008 pmbadisnants can have
i npl enentations, formng a trench conprises etching a trench. In one such

i mpl ement at i @QRernhiffs 800 8émPAsing AfRO Angled HANSSFOH exahipls i sémat € can be
exposed to an etchant sufficient to renove substrate material to forma

exampl e of vy st hE Gl T Btk Indiga VSR PR RS, T

conmpound sl ots 304c. and 304d were fornmed fromslots 504c and trench 502c,
and sl ots 50PQTtHNCLd RFEMIGHARE: r espectivel y. Alternatively or
additionally, to controlling trench shape, the shape of individual slots
conprising al000dpkhed Theghapaof teoeinforgsemprt stgture’s tarthinyscanstiow a

enbodi ments, by patterning a backside nmask in relation to a desired sl ot

profile as wcbmpbandsIo€s Hefch tobedveperckt rédibndysrioRithaté @GP 3D4 kimnedrbodi nent s
utilizing an etchant to formthe trench, any suitable etchant can be

L e oo ATRYR 1oyt L ST TN SRt oprm

Hydr oxi de) ca I'zet a process can _ un whi |l e
one- 1 oi nf or B S0 P » S athilEh hebpd dihd & PatdirersB8ePnom | n
g 12 In %%g%eg&b (?lcils gfeggesr tl\lAgletLg dglg]th%tz‘c'rllﬁg Enciresasilljlsgeclccgjap;[hoof]c tﬁé @ench

proximate a slot can, among other factors, reduce bubble accumulation in the

compound slot in some embodiments.

[00041] Bubbles can, among other origins, be formed in the ink as a

byproduct of the ejection process when a slotted substrate supplies fluid that is

ultimately ejected from an ejection chamber through a firing nozzle (described in

relation to Fig. 3). If the bubbles accumulate in the fluid-feed slot they can

occlude ink flow to some or all of the ejection chambers and cause a malfunction.



the.trench, some or all of the thin-filmlayers positioned over the first
surface, 17 such as 310c, can be patterned to define the trench

di rensions at the first surface. Alternatively or additionally, in sone
-inpl enentations, the shape of individual slots conprising a conpound sl ot
can be controlled by patterning a bacggide mask in a desired ratio to the
di nensi ons of a given slot portion. [00060] For exanple, in the enbodi nent

shown in Figpood2}, 1ldnasghebfhie ddicabahentBodithdnts e sfotfed shibifrakd inded sl ots

504c and 504d are formed with a re entrant profile when viewed in
Cross-sectiop. en 1.0 Fj : . rmgg ; . S Wwth a
di fferent Créﬁg%ﬁg{fé}?B}ﬁgﬁf%?eev\}éezﬁotp%tgg%ﬁe, |e§§%@(-1%lg{sl§ht§€\/\6§ﬁﬂggrrg%di ment
where the widest portjon of ap i.ndiyidual sl ot, en viewed in transverse
e oss- soot | o canTRen A0 geuerally b hegprins corddds, R Hiweh Hie S8l sur f ace
312a, . [00061J The configuration of the slots can be controlled by, anong
ot her ways, $ufaceonbacksideptokard dlee thirsfilng surfanes wheredt ean witjmdtaly hg t he trench
formation process. For exanple, one way of achieving the profile shown in
Fig. 12a is gjectedifion thetaoziRacRabbles sasitavehh §dﬁ@cti@n€§ehe@ﬂybgﬁosi&qbw dual
slots. For exanple, Fig. 11 a shows a patterned backsi de masking | ayer 320c
that is the y aﬁﬁ- i . . 062]
The maski ng ?‘33@& ﬁcbzgvh 'Jfl{}enc]leg e g#lnﬁ%&(l)@grftl%g&bglg%l %g%l ag@%h@gﬁ%?ﬁgbt%l%% trench
formati on process to praduce the re-entrant sl ot prqfile sho in for slot
504c i n Fi g, Birateds dasigeds os sKmapients HoBdriniFge S fsringiesnng deptBaf si ot
profile proximate the backside surface, such as shown in Fig. 5-7, is to

pattern a bathrdreseh A82 damaléaw bubblesiteomigrate $oward aaflet=50df where theycdesi de
surface exposed to the etchant while renoving additional substrate nmateri al

to forma treigrhtegRtetatipawag fronpRUiE:t surfice 3104,8nfoQAO 6B} 5Gkand ed geonetries
of the respective features can be controlled by, anong other factors, an

anount of timﬁa@golgﬁgggggﬁﬁiﬁieg%oq%uch as 306c, is exposed to the etchant.

For exanple, 1n on I men C Tng can be stopped when substrate
material is [ ved algng < 111 > planes sufficient to forma reinpforcenent
structure's [03 nus egj§§‘fﬂltieééb°f§9(§9 .“%@WSI%FWH@‘Q@“F C&MeRH, such
as 502c, by exposing the substrate to an etchant can renove sharp andl or
rough subst rabeh pisenger thantpieniouhdesigns: KonsideeFiged whictsshowsaktraditienadt i on
sites. The etching process can al so snooth out surfaces of the conpound
sl ot (s), sucdloisd sibdtratepdridaignt0 twhichrshows afekemplaty sloited SubstrafeGOfl65] The
exenpl ary enbodi nents descri bed so far have conprised

compound slots.

[00044) Fig. 9 shows a substrate 900 that has three slots 902 formed therein.

Almost all substrate material is removed within individual slots 902 so that

adjacent slots are separated by substrate material that is supported solely between

respective adjacent slot ends. This substrate material is often referred to as a

“beam”, an example of which is shown generally at 904. Such beams 904 tend to

deform relative to the substrate material at the ends of the substrate 900, an

example of which is shown generally here at 906. This can be especially

problematic as slots 902 are positioned closer together to achieve a smaller print

head.



. renoval steps to renove substrate material to formthe conmpound slots.
However, other exenplary enbodi nents can include various steps where
material is added to the substrate during the slotting process. For
exanpl e, in one enbodi nent, after the slots are forned, a deposition step
can add a new | ayer of material throu Q which the trench is formed to form
the conmpound slot. O her enbodi nents can al so i nclude one or nore steps to

clean-up or fopoiker fiAibshmidoa caf Bl dttsit, Vefid andyopBudkdé frohdihelgeférallp can
occur internediate to, or subsequent to, the described steps. CLUSI ON

forming a 11 At aanieeFARAhaEhl Suspli el BaPF LA D A Somipl SR, )

ink to the various flujd ejecting ele ts connected to the fluyjd-feed slot
whil e al | ow AEWQIHEn &pRy ?Bwrsi}%ts?frgtaﬁéor{gg?%eessﬁneﬂ%e Cf5h ERPRIIENSE h}gthe
technol ogi es. The described fluid 19 feed slots can have a conpound

conf i gur at i osubstrater wheningdgrated inda e lprint bedd, dtbrienample, tonsienglorsces can best
surface and connected to a plurality of slots passing through the substrate

fromits secanrdswyd bgagesidthncelsfihé sloted sauizadiete dtgiaheafremunddedlat e nateri al
bet ween the various slots conprising the plurality of slots and therefore

enhance the ﬂf%)}r g [ L f : . I a e
especially vgﬁgu %ﬁ@orreu#fgﬁgse?ﬁéfgt%&t? %%%L@%&Eggtlﬁgrb%lig%@gﬁﬁg%%atééaggée) t he
substrate to,be britfle and have a propensity to deform, The descrjped
ebodi ment s M6 TS sarsadh o I@&ﬁfy&mﬁ f,the-IpRg.avis ppthesots) FBet any
desired length to be formed. The conpound slots can have benefici al
strengt h chadistartion or deforméation eaarmakecthe sublitrater weakier and/ maneiproinedev sl ots to

be positioned closer together on the die, while reducing potenti al

occl usi on of bidaRagedurirgastosdseings) . [ 00067] Al t hough the invention has been
described in | anguage specific to structural features and nethodol ogi cal

steps, 11 1 deBed)e ungﬁsy Ol 8y dcBiindlbhah a8 e ifRfrithglie appended

It

clainms is nol necessa Iimte e specifl es Or steps
descri bed. Rather .the specificfeatures and steps,are disclosed as
br ef er red f ofHBIe iich & EotisG ShREe Eo e A epaR i Bietie” el 1S wnar 1 s
clainmed is: 1. A print head substrate (306) conprising: a substrate (306)
havi ng a t hi substrgts is bpndpdrtopdaprigfferent substrajes fofomm @pray headiand general | y
opposi ng second surface (312); a trench (502) received in the first surface
(310) and extukintitely af prim eanridges SThdsadiffsremstisubsteites cah bielseiffehtimknedstted ) of
the substrate (306), the trench (502) being

substrate produced by existing technologies and can cause the slotted substrate to

deform to their configuration. The distortion of the print head can change the

geometries at which fluid is ejected from the ejection chambers located on the

distorted portions of the slotted substrate.

[00047] The exemplary slotted substrates are more resistant to such

deformation, and can better maintain the planar configuration that is desired in

many print heads. This can be seen by comparing the exemplary slotted substrate

306b shown in Fig. 10 to the slotted substrate shown in Fig. 9. Fig. 10 shows the

substrate 306b with three compound slots 304b formed therein. The compound

slots have reinforcement structures 506b positioned intermittently along their

length.



. defined at least in part by two sidewalls (702, 704); and, a plurality of
slots (504) extending into the substrate (306) fromthe second surface
(312) and connecting with the trench (S02) to forma conpound sl ot (304)

1 hrough the substrate (306), wherein at |east portions of individual
sidewal I s (702, 704) of the trench (5Q§) are positioned at an angle (a) of
greater than about 10 degrees and | ess than about 90 degrees relative to

the first sufjoass] (3100he réinf6reBiehi dtRGNAEYSTED dahOShof®HRET hirldh, sétle t@ast in
part, the print head substrate (306} of claim1."3. structure conpri sing:

a substrate f| £1aSd (310)
and a gener a%?rg‘%gtppo\sﬁlleﬁgm%gé %’@ﬁ?‘? éxéggreag%%orﬁ%gm{)ey%@ec ?fp%ﬁi‘&w ng a |l ong
axis and recejved in the first surface (310) and xtendlng thr ugh | ess
than an entipe4y bie rfemfommhe&cu(rpg ca¥ quﬁe%%%lt%s%‘é mpajeraal-or a
plurality of slots (504) extending into the substrate (306) fromthe second
surface (3123loagidtsdangitdinahgideibetweehadjacentcompo0ad siots. fOGmesuwwhdeamdsnd sl ot
(304) through the substrate (306), wherein a cross-section of the trench

(502) taken §KABN&E $endBy hOIBILAXTHR rBRForRembhtStrudheléscan Wnpprid ée Beam
proxi mate the first surface (310) that is greater than a second wi dth (wz)

that is nore claim
3, wherein t%‘gd%tgﬁ%%@%dﬁéﬁe&sw %21)%%(’?%%%&‘%@%@5‘3 ;imﬁ] 3{)&?&?&&“5&{ prl nt
head substra (306) conpri si.ng: substrate (306) havi n t hi ckness (t)
defined by oé gtihe slot $hdsa s speiplhe ey teggousIp gy ibogirents €f502)
received in the first surface (310) and extending through I ess than an
entirety of slhtlenpgihokireseased pnd/or theditaneetbetween(sbas s degraasech BWihenal i ty of
slots (504) extending into the substrate (306) fromthe second surface

(312) and copaditibhd1@1oMis n:ngthenéd e Géhdehidl of theflféﬁﬁfgsz t6 @efoens nfalghified304)
t hrough the substrate (306 wherein the trench (5 is deeper at portions

roxi mate to slots
(soay 6. rrungtes ¥ e boiiilady WindthundRld, it &%‘*fe‘%@?&n‘ﬁ%ﬁ@&k‘%@@%ﬁ? S02) has
a maxi mum de th d~ of abou 10 per.cent to abqut, 80 percent of
t he thicknes$®P a[sﬁﬁe gﬂb@f‘%&t‘%“{c@@ﬁ“} to maintajn su tratpl.pé)ngpp head

substrat e of cIa|n15, wherein individual slots (504) conprising the
plurality of slots (504) are spaced generally evenly along a

EXEMPLARY METHODS
[00049] Figs. 11, 11a and 11b — Figs. 12, 12a and 12b illustrate process steps
of an exemplary method for forming compound slots in a substrate in accordance
with some implementations. In one such implementation, a substrate can
comprise, at least in part, a print head wafer.
[00050] Fig. 11 shows a view from above the substrate 306¢, while Figs.
11a-11b show two different cross-sectional views through the substrate as
indicated in Fig. 11. As can best be seen in Fig. 11a, the substrate 306¢ has a first
surface 310c and second generally opposing surface 312c.
[00051] Some of the suitable implementations can allow various layers, such
as thin-film layers, to be positioned and/or patterned over either or both of the first

and second surfaces before forming the one or more compound slot(s) (304c and



. long axis of the conmpound slot (304). 8. A slotted print head substrate

(306) conprising: a substrate (306) having a thickness (t) defined by
opposing first and second surfaces (310, 312); a conmpound sl ot (304)
rconprising an elongate trench (502) portion that extends along a |ong axis,
and at | east one reinforcenent structgge (506) wthin the conmpound sl ot
(304), the reinforcenent structure (506) having a term nus (800) proxinate

the first susdsacshotAIqp. 12?riﬂthetdmes&ﬁénim§s o IhheR@d, intilfifleahint BASt t WO
differently angles walls (802, 804). 9. A printing device 100)

compr ! "%, Bkl PRy PSR B Ry SUP R e o
e RSk D Brod PRS0 o eSS0 (200

A LA AR A AR A A A A A A9 A Ayy. ASa. A@ A. A Ay. AL. AY. Al . AAF

AF, ~qVEQ| v gl feifxeedprsaigeaiayi22e] asaleserjed]abaye alVb sudhs & thag mejlembntalion] ca] ca]
ca] ca] ca] ca] ca] ca] cRa] ca] ca]ca]calcaUca]calb 2 ; cN+ s bw

f]}xsni d_Z] | hales]sarhes] r]canbeatfentd & sathe aliadilapduifics ajadd] tiorhllg]iia] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca! 8/ " ybPI FnhC} xsni d_Z] ] ca] ca] ca] ca] ca] ca]

ca] oa] cal oal el i aakaakark1aks AbARI5E Skak Seb patdrdne el cal cal cal ca

el th-"}""#n##$) xspid Z]] cal ca c al ca) cal ca] cal.ca] cal.cal ca] ga] ca] ca] ca
] ca] ca] E:a] ca‘i“gé%%tﬁ,]géﬁf 8%1%’ @%’ @%&hﬁ%d@}’@%&@ﬂ]ﬂ?@&e&%ﬁgeﬁﬁ‘l{ X (e]( (

)-)u))*g**+c+++J,,,9-J-}xsnid_Z] ] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]l
ca] ca] ca] ca]asdhe bdaksideasptfa¢e a] ca] ca) ca] ca] ca]cal]calcal]cal J-L-M--6.../T///!
0q001\ 111H2P2X222?7333" 434%10445g5{ vgkf a\ W ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca

] caU] ca] ca] qebesz) ca] ca| platatity 6£3l68]504t and S64d ednclad forthed jite teeddbsaitea! g555F6
66$7v777%8y8891 999G : :: 9;

ca) oa] oa) cal af ah AV SRGHERICEIRTIFOE ARG R 1R SRMPAEEARAT o

BBB( OwCCD_DDDE! E| . EEFK FF

eve(ee} xsnrd_\sz]‘%‘yr%E’r%!msa‘i()éa]aeaf%? wereformed dupugh theysubsteats d08% 4] caj ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! GGHLHHHDI 1 1 ?JJJJ7KKK, L{LLL,;
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such may not be the case. For example, in other embodiments, the slots can be

offset from the long axis.
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machining. Various suitable laser machines will be recognized by one of skill in
the art. For example, one suitable laser machine that is commercially available
can comprise the Xise 200 laser Machining Tool, manufactured by Xsil Itd. of
Dublin, Ireland.

[00055] Other suitable techniques for forming the slots, such as 504c-d, can
include etching, sand drilling, and mechanical drilling, among others. In one
implementation utilizing etching, areas of the backside hard mask can be
patterned to control the areas through which slots are formed. Alternating acts of
etching and passivating can form slots into the substrate. In some embodiments,
such alternating acts of etching and passivating can comprise dry etching. Such
an etching technique, among others, can form individual slots having an
anisotropic slot profile. An example of such an anisotropic slot profile can be
seen with slots 504c-d in Fig. 11a.

[00056] Sand drilling is a mechanical cutting process where target material
is removed by particles, such as aluminum oxide, delivered from a high-pressure
airflow system. Sand drilling is also referred to as sand blasting, abrasive sand
machining, and sand abrasion. Mechanical machining can include the use of
various saws and drills that are suitable for removing substrate material.
Alternatively or additionally, to forming the slots utilizing a single technique,
various removal techniques can be advantageously combined to form the slots.
[00057)] In Figs. 12, 12a and 12b a trench is formed in the substrate 306¢ as

shown generally at 1202. In some implementations, the trench is contiguous with
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[00058] In some implementations, forming a trench comprises etching a
trench. In one such implementation, the first and second surfaces of the substrate
can be exposed to an etchant sufficient to remove substrate material to form a
trench contiguous with the plurality of slots to form a compound slot. An
example of which can be seen in relation to Figs. 12, 12a and 12b where
compound slots 304¢ and 304d were formed from slots 504c and trench 502c¢, and
slots 504d and trench 502d, respectively. Alternatively or additionally, to
controlling trench shape, the shape of individual slots comprising a finished
compound slots can be controlled, in some embodiments, by patterning a backside
mask in relation to a desired slot profile as will be discussed in more detail below.
[00059] In embodiments utilizing an etchant to form the trench, any suitable
etchant can be utilized. For example, in one implementation, TMAH
(Tetramethylammonium Hydroxide) can be utilized. Such a process can form a
compound slot while retaining substrate material comprising a trench while
retaining at least one reinforcement structure, such as reinforcement structure
506¢ shown in Fig. 12. In some embodiments where an etchant is used to form

the trench, some or all of the thin-film layers positioned over the first surface,
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entrant profile when viewed in cross-section as seen in Fig. 12a. Other
embodiments can have slots with a different cross-sectional view. For example,
Figs. 5-7 show an embodiment where the widest portion of an individual slot,
when viewed in transverse cross-section, such as is shown in Fig. 7, is proximate
the second surface 312a;.

[00061] The configuration of the slots can be controlled by, among other
ways, patterning a backside mask to control etching during the trench formation
process. For example, one way of achieving the profile shown in Fig. 12a is to
pattern the backside mask the same width as the individual slots. For example,
Fig. 11a shows a patterned backside masking layer 320c that is the generally the
same width as the slots 504c and 504d.

[00062] The masking layer can limit etching of the backside layer during the
trench formation process to produce the re-entrant slot profile shown in for slot
504c in Fig. 12a. One way of achieving a configuration with a wider slot profile
proximate the backside surface, such as shown in Fig. 5-7, is to pattern a backside
hard mask to leave a desired area of the backside surface exposed to the etchant
while removing additional substrate material to form a trench and hence a

compound slot.
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serve as crack initiation sites. The etching process can also smooth out surfaces

of the compound slot(s), such as 304c, allowing for more efficient ink flow.
[00065] The exemplary embodiments described so far have comprised
removal steps to remove substrate material to form the compound slots. However,
other exemplary embodiments can include various steps where material is added
to the substrate during the slotting process. For example, in one embodiment,
after the slots are formed, a deposition step can add a new layer of material
through which the trench is formed to form the compound slot. Other
embodiments can also include one or more steps to clean-up or further finish the
compound slots. These additional steps can occur intermediate to, or subsequent

to, the described steps.

CONCLUSION
[00066] The described embodiments can provide methods and systems for
forming a fluid-feed slot in a substrate. The fluid-feed slots can supply ink to the
various fluid ejecting elements connected to the fluid-feed slot while allowing the

slotted substrate to be stronger than existing technologies. The described fluid-
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valuable for longer slots that can otherwise tend to cause the substrate to be brittle
and have a propensity to deform. The described embodiments are scalable to
allow a compound fluid-feed slot of almost any desired length to be formed. The
compound slots can have beneficial strength characteristics that can reduce die
fragility and allow slots to be positioned closer together on the die, while reducing
potential occlusion of the ink feed slot(s).
[00067] 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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a generally opposing second surface (312);

a trench (502) received in the first surface (310) and extending through less
than an entirety of the thickness (7) of the substrate (306), the trench (502) being
defined at least in part by two sidewalls (702, 704); and,

a plurality of slots (504) extending into the substrate (306) from the second
surface (312) and connecting with the trench (502) to form a compound slot (304)
through the substrate (306), wherein at least portions of individual sidewalls (702,
704) of the trench (502) are positioned at an angle (a) of greater than about 10

degrees and less than about 90 degrees relative to the first surface (310).

2. A printing device (100) comprising, at least in part, the print head

substrate (306) of claim 1.

3. A structure comprising:
a substrate (306) having a thickness (¢) defined by a first surface (310) and
a generally opposing second surface (312);
a trench (502) having a long axis and received in the first surface (310) and
extending through less than an entirety of the thickness (¢) of the substrate (306);

and,
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through the substrate (306), wherein a cross-section of the trench (502) taken
transverse the long axis has a first width (w;) that is proximate the first surface

(310) that is greater than a second width (w,) that is more distal to the first surface

(310).
4. The structure of claim 3, wherein the compound slot (304) comprises a
fluid-feed slot.

5. A print head substrate (306) comprising:

a substrate (306) having a thickness (f) defined by opposing first and
second surfaces (310, 312);

a trench (502) received in the first surface (310) and extending through less
than an entirety of the thickness (¢) of the substrate (306); and,

a plurality of slots (504) extending into the substrate (306) from the second
surface (312) and connecting with the trench (502) to form a compound slot (304)
through the substrate (306), wherein the trench (502) is deeper at portions

proximate to said slots (504) than at portions more distant to said slots (504).

6. The print head substrate of claim 5, wherein the trench (502) has a
maximum depth (d,) in a range of about 10 percent to about 80 percent of the

thickness (#) of the substrate (306).
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a substrate (306) having a thickness (f) defined by opposing first and
second surfaces (310, 312);

a compound slot (304) comprising an elongate trench (502) portion that
extends along a long axis, and at least one reinforcement structure (506) within
the compound slot (304), the reinforcement structure (506) having a terminus
(800) proximate the first surface (310); and,

the terminus (800) comprising at least two differently angles walls (802,

804).

9. A printing device (100) comprising, at least in part, the slotted print

head substrate (306) of claim 8.

10. A method comprising:
forming a plurality of slots (504) in a substrate (306); and,
etching a trench (502) in the substrate (306) contiguous with the plurality

of slots (504) to form a compound slot (304).



