; e3eZZL| zB6xTri SLOTTED SUBSTRATES AND METHODS AND SYSTEMS FOR FORM NG
SANE BACKGROUND [ 0001] Inkjet printers and other printing devices have
becone ubi quit i {i@ly. These printing devices can utilize ed
supstrate to dgmﬂ“ wnﬂmmwm the printi ng process. Such printi ngmmmmﬁmm
provide many desirtable characteristics at an affordable price. .
desire for ever nor8®%atures at ever-| ower prices continues to presd"iso-
manuf acturers to i nprove efficiencies. Consuners want ever higher print

i mge resolution, realistic colors, and increased pages or printing per
m nute. [0002] One way of achieving consunmer demands is by inproving the

slotted subgky t i t ¢ i i ;

orintors anduShEPDHPRSTRATES MO0 METHODS ANDY S STEMS R FOREANG
substrates can be time consum ng and cgstly to nake. [0003) Accordingly,
the present invention arose out of a dgéﬂﬂé to provide fast and econom cal
nmet hods for slotted substrates having desirable characteristics. 2 BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 0004] The same conponents are used throughout
the drawi ngs to reference |like features and conponents. (0005] Fig. 1 shows
a front elevational view of an exenplary printer. [0006] Fig. 2 shows a

bl ock diagramthat illustrates various conponents of an exenplary printer)
(0007] Figs. 3 and 4 each show a perspective view of a print carriage in
accordance with one exenplary enbodi nent. [0008] Fig. 5 shows a perspective
view of a print cartridge in accordance with one exenplary enbodi nent.

[0009] Fig. 6 shows a cross-secti oA CKIGRYOONI® top portion of a print
cartridge in accordance with one exenp{(ary enbodi ment. [00010] Fig. 7 shows

a top view gf print.head in accqrdance.w th, one exenpl ary enbodj nent .
Cooor 11 R0 o lstkiek iR RS sHAd inneried Wes Rage Do SBLGHICRS Ghe
exenpl ary enbodi nent. [00012] Figs. 8a-8b each show a cross-sectional view
of a subst r snatetyn These pdating devicks careutilizng slattyd enbstthtertondeliyepdnk f thei gs.
9-10 each show a perspective view of a substrate in accordance with one

exenpl ary epRAghEBRicesd R Prififipdevided AaaebiciRmPaRiABR: Sectl onal Vi ew

of a substrate accordance wth one exe ary enbc;di ment. [00015] Fig. 16
shows a flow chart. r.epreserH.ngbst%os ll-P a mattﬁo% i.,n accordance w th one
exenpl ary e actgpstics at an atfordable price. However, the desire for ever more features

at ever-lower prices continues to press manufacturers to improve efficiencies.

Consumers want ever higher print image resolution, realistic colors, and increased
pages or printing per minute.

{0002} One way of achieving consumer demands is by improving the
slotted substrates that are incorporated into fluid ejecting devices, printers and
other printing devices. Currently, the various slotted substrates can be time
consuming and costly to make.

{0003} Accordingly, the present invention arose out of a desire to provide
fast and economical methods for slotted substrates having desirable

characteristics.



3 DETAI LED DESCRI PTI ON OVERVI EW [ 00016] The enbodi nents descri bed bel ow
pértain to nethods and systens for formng slots in a substrate. Several

enbodi ments of this process will be described in the context of form ng
fluid feed slots in a substrate that can be incorporated into a print head
die or other fluid ejecting device. 017] _As comonly used in print head

dies, the substrate carB DESCRIKHOAN O THEPRAWINGS e t hat can have

m croel ectronics incorporated within, deposited over, and/or supported by

the S!Jbstf@(ml?n a t P he sk Cofipohests atdasedthrodphotpihesdrawingstoqkferendeace or
backside. The Tluid feed slots) can allow fluid, comonly ink, to be

supplied fy, an ink supply or, reservoir to fluid ejecting el enents

cont ai ned {‘ﬁgg?WFéﬂafﬁ%BF%tsWthi n the print head. [00018] In sone
enbodi nents, this can be acconplished by connecting the fluid feed slot to
one or nor POPSk f eedFigad shgwiae frontelevatiomalwicwhofcamexamplary printesdi vi dual

ej ection chanber. The fluid ejecting elenents commonly conprise heating

el ement s _oroobsLl ng 1Rl 2tshbwslad Wbk Bpdgratthat ilasiedtBdvaria n@sstire in
the ejection chanber. "A portion of that fluid can be ejected through a
firing nozzle vvi1.{:athe geiéected fluid being replaced by fluid fromthe fluid
feed sl ot. " BERYPROIYBAMNE: forned in the ink as a byproduct of the ejection
process. |If the bubbles accunulate in the fluid feed slot they can occl ude
ink flow t[0083he or Eigs. daandHeachshowaperspactive yiewmof aqurind catntagerinnt head
to mal function. 4 (00019] The fluid feed slots can conprise conpound

sl ots wher TRRK j trench and nultiple slots or

hol es. Thegcfctrogﬁ%lﬁ&can Egeggm%%ﬁbﬁgﬁgﬁgétrate and connected to the

mul tiple holes or slgts f%rrred into the substrate. The _holes of ,the
compound s[®P8kan r eEig Shows 2 pesspective yiew of BInyin fartpdge inacqordancs ¢ he
trench that can supply the various ink ejection chanbers. The conpound

sl ots can idthomrf éxgutdarytembeditmeat.oubbl e accunul ati on and/ or pronote
bubbles to m grate out of the conpound slot. [00020] The conpound sl ots can

be narrow 0SSesf; } | . Pﬁﬂ’ d slots to
be positi oﬁiggggl oserF@Sﬁ“}%@?ﬁ%ﬁ?@%ﬂ?‘g%t ugaédgglggﬁgg material costs
and product si,ze., (000Z1) The conpound slot can allow the substrate to
remai n rrucﬁa@aigm@eaccomca“gﬂmnwxegn@a%@nbe@mqmona| sl ot since
substrate material extends between the various hol es and increases

substrate pooeat h. Fip. 9 shonfsiatepatiewnfagitintead i abdordirtef withoae compound
slot of any practical 1ength. Further, the conpound slot can be nuch faster

to formsi % g% SH\%lt is removed in the formati on process. EXEMPLARY
PRI NTER S ? 8@%’ .~ 1 shows one enbodi ment of a printer 100 that
can utilize an exenplary slotted substrate, The printer shown here is
embodi ed i WOORH f or nFiEx Bhomisig tep iewf arsubstrete in pegardangeowithPnge, but need
not be, representative of an inkjet printer series manufactured by the

Hewl et t - Pagkemnplappembodirh@iter 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. [gyisf" M " Blds"BERD dabh Shw'a%orB¥sectional view of a substrate in

-

accordance with one exemplary embodiment.

[00013) Figs. 9-10 each show a perspective view of a substrate in
accordance with one exemplary embodiment.

(00014] Figs. 11-15 each show a cross-sectional view of a substrate in
accordance with one exemplary embodiment.

[00015) Fig. 16 shows a flow chart representing steps in a method in

accordance with one exemplary embodiment.



type of printer or printing device that ejects fluid such as ink or other
pi*gnent ed materials onto a print nmedia. Though an inkjet printer is shown
for exenplary purposes, it is noted that aspects of the described

enbodi nents can be inplenmented in other forns of image form ng devices that
enploy slotted sem conductor substrates, such as facsinle nachines,

phot ocopi ers, and other fluid ejecting devices. [00023] Fig. 2 illustrates
vari ous conponents in one enbodi nent of printer 100 that can be utilized to
i npl ement the inventive techni ques described herein. Printer 104 can

i ncl ude one or nore processors) 102. The processor 102 can control various
printer operations, such as ”&ﬁ%ﬁAﬂBﬁﬁhﬁﬁ?CﬁﬁﬁTﬁg i age novenent for |inear
positioning of the print head ©Over a print nedia (e.g., paper,

transparency, etc.%R 00024] Printer 100 can have an electrically erasable
programuabl e re W%nnry (EEPROM) 104, ROM 106 (non-erasable), and/or
a random access nenory (RAM 108. Although printer 100 is illustrated

havi ng an @geR6)M 104 The@nt¥ddirhefits deseritidd belbarpeptaimtemetids andsysteaisude one
of the menory conponents. Additionally, although not shown, a system bus

typically n 1 he. vari 0 t L& DLt QLA -dqvi ce 100.

[ B0025]  TnaOpfRFRbEs SOG L sylas” YR oheideths o RS miesS e, <

i npl erented as_a permanent menory nodul e stored on ROM 106, in one

enbodi ment destribediin thecentexpof forpingfluid-fead slots inca substratathatean bare) and i s
distributed with the printer 100. The firmmare 110 can be inplenmented to

coor di nat e jRiepadatedintea pHAE hbad diedrothéri Muid efedtinglevidd) and cont ains .
programmi ng constructs uSed to perform such operati ons. 6 [00026] In this

enbodi nent essor,s) 102 ocesses. vari ous. | ruct.ion ntrol the
operation (S?[R{lﬂ pri ﬁt%‘iﬂ%‘eg n cﬁdngﬁhﬁ@cﬁéi&e&n@%tng%faﬁgiaxi?gﬁpgﬁgc and
conputing devices. The nenory conponents, EEPROM 104, ROM 106, and RAM 108,
store vari semidonductonsubsirase that canthave sucrioelestronics iingorporated withist,mat i on,
fonts, tenplates, data being printed, and nmenu structure information.

Al t hough j ] Leot | D]
oug ”%géﬂ@ﬂ’bde?, &r@!/oﬂ: %@B@ﬁbgﬁg él'ée g\f&g{aﬁé it h PinPhilnd §Gfacdihapb AP

i nclude a fl nmenory devi In addition to EEPROM 104 and

ROM 1 06. 0027] Pripter 100 can al sqQ ingcl ude dj sk drive 112 _ a network
Nnterface. £ SPPYFiLE & Dagk slen?%eﬁnc{swﬁp-n&@#geﬁqed 49 W Ruidye

enbodi ment of Fig. 2. Disk drive 112 provides additional storage for data
being pri ntceﬂmusnlrtiiﬂe,rtoibefmﬁpﬁéd frontan iMlesupplly by rdsbevoir ionfleid ej€flingAl t hough
printer 100 is illustrated having both RAM 108 and a di sk drive 112, a

particul ar j NGl [ 1 ar. di rive 112, depending
on the stoF%@%é%ﬁs@%‘fedpﬁgi%ﬁ?nt‘%?ﬂ"ﬁ%&' n%‘?&r&;zlb?‘gexpensi ve printer
may include a small anount of RAM 108 and no disk drive 112, thereby
reduci ng t KQO08huf acinpomg emhadimentsphipeambeaccomplishef bycorpertingths: f ace

114 provides a connection between printer 100 and a data conmunication
net wor k i n fluié fevddel tarstie cifinvre. inkifeedpissagdways| eadhoefwhich canlsapplydayi ces

coupled to a common data comruni cati on networ k

individual ejection chamber. The fluid ejecting elements commonly comprise
heating elements or firing resistors that heat fluid causing increased pressure in
the ejection chamber. A portion of that fluid can be ejected through a firing
nozzle with the ejected fluid being replaced by fluid from the fluid feed slot.
Bubbles can be formed in the ink as a byproduct of the ejection process. If the
bubbles accumulate in the fluid feed slot they can occlude ink flow to some or all

of the ejection chambers and cause the print head to malfunction,



to send print jobs, nenu data, and other information to printer 100 via the
network. Simlarly, serial/parallel interface 116 provides a data

comuni cation path directly between printer 100 and another el ectronic or
conputing device. Al though printer 100 is illustrated having a network
interface 114 and serial /parallel iﬁterjace 116, a particular printer may
only incl (R981%he i nThe flid feedraiets can compoise spmppnnd slots wheretheal so i ncl ude
a user interface and nenu browser 118, and a display panel 120 as shown in

the enmbodismpbusd slot Gomprisdd @ tréfieh ahd hpilfiplesldts dr holes. Thewrsachtaf bal | ows a
user of the printer 100°to navigate the printer's nenu structure. User

interface,118 can, be Jndicators or a sefje 0 i or ot her
sel ect abl Eor&ﬁ‘?tclf‘ghg S't“?ﬁ&‘fat%?‘é&)me&ﬁdatpghé @‘lﬁﬁf?@éso‘#}sﬁlﬂév?g{r‘ﬁgfg}t? Di spl ay
panel 120 is a graphical display that provides information r.g%ar di ng the
status of thersubpiratet drhellodesotitheirompound slotssnireceiveink from an ink supplyer

t hrough the nmenu structure. [00030] This enbodi nent of printer 100 al so

i ncl udes bV dE K i tHE VRGOS édtrMItanitRrs.

sel ecti ve??/@gﬁdp}f‘?/@wuﬁh%gﬁé‘mﬁﬁtégﬁ5“%9‘?1‘2) to a pri nt@érredi a suchr%s paper,
pl asti c, bric, an he like in accqrdangce print data coyrespondi ng
to a pri n{l'ﬁpssmqoeegﬁ 13 C%EC ﬁ?ﬂﬁzursaé? ﬁ‘?-,dcufi\j?nugg]ﬁ QPSHB?“?"QH’%“ ®ht carriage
140. 'The print carriage can contain one or nore print cartridges 142 that

conpri se pramotetbubbles td4digeatd oat pf thetconspdundddet. body 146. Additionally, the
print engine can-conprise one or nore fluid sources 148 for providing fluid

to the prj reri i I InShi ¥ { nt

neads. EXSRAR, EnBRERRRRRH BISEES o hinbyRindBosSaahifh Bsprllid ™
cartridge 142a_and 142b) in a int carriage 140 gs can, be utilized in
cone enbomaeat slla omiaiod slefs 16 b @oprioned it iogedien apthe Subsirale
configured to hold four print cartridges although only 8 one print

car t ri dgethus rethocing nmédterjalatostsranebgmodiietrsyzeconf i gurati ons are possible. Fig.
3 shows the print cartridge 14a configured for an up connect to a fluid
source 14 ile & [ I 4 i own
connect tﬁﬁgzrruid gggFgéqﬁﬂgﬁék%fhg%ugﬁgﬁéFggﬁn%%n Fg@@éfﬁ%#ﬁ?égﬁ%egossible
i ncluding but not ljmited the print cartridge having its own self contained
fluid suppana sipiksty smdgtratbngn@bﬂotaﬂn@%gamyﬁnm extgnds befyeen e The
print cartridge is conprised of the print head 144 and the cartridge body
146. O hevagowyipdles ind divredids sibstrate virdrngth e ThRcuafighedtidnycdnscatibleki | | in

the art. [00034] Fig. 6 shows a cross-sectional representation of a portion

of the ex I .n ri 142. taken,alQng lime a-a in.Fiqg. S It
ahows  t he R ¥ aBinBn Soh B B8 it ichOIeRRAF Ftherr B Biiahiaietent or i n
head 144. In this enbodinment, the print cartridge is configured to supply
one col or bemuah fastepto form since less pratenialie semovad imtthe formasion progess, as
descri bed above, other exenplary print cartridges can supply multiple
colors and/or black ink to a single print head. O her printers can utilize
multiple print cartridges each of which can supply a single color or black

ink. In this %ﬂﬁ&ﬁY wgﬁr89§Tng erent fluid feed

[00022] Fig. 1 shows one embodiment of a printer 100 that can utilize an

exemplary slotted substrate. The printer shown here is embodied in the form of
an inkjet printer. The printer 100 can be, but need not be, representative of an
inkjet printer series manufactured by the Hewlett-Packard Company 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 "printer" refers to any

type of printer or printing device that ejects fluid such as ink or other pigmented



slots are provided, with three exenplary slots being shown at 604a, 604b,
and 604c. O her exenplary enbodi nents can divide the fluid supply so that
each of the three fluid feed slots 604a - 604c receives a separate fluid
supply. Ot her exenplary print heads can utilize less or nore slots than the
t hree shown here. (00035] The vari ous>fluid feed slots 604a- 604c pass

t hr ough peatetialsoned a priatiediat Th@gsh an inkjdtipsinterdsshawn fenexamplant , silicon
can be a suitable substrate. In sone enbodi nents, substrate 606 conprises a

talli i PEnBbdil | talli
crysta b@o%?,gglﬁcﬁg?ﬁg&r?agﬁcgmém%&%ddﬁnﬁédlh%& @n B! ycrystal line

silicon. substrates include, anong others,
gal lium arseni de, g¢lagsgs, .silica, ceramcs,. o a sem -conducting material.
The subst‘mﬁffé“%‘&ﬁdé%ﬁé#efg%“%?'we Sﬂ?‘}r@lﬂ%’l“?eﬁﬁga ﬁ\aop'lqu}tei]ecogni zed by
one of skill in the art. [00036] The substrate 606 has a first surface 610
and a secemiconduttoraubstrates;snch ao firdimilonmachines,phimdcaierspamd dther

i ndependently controllable fluid drop generators that in this enbodi nent

conpri se g,j: /i L esy s 614. In this exenplary enbodi ment, the resistors
614 are giéirl{le%t‘gg?te%%%g‘of thin filmlayers on top of the substrate 606.
The thin filmlayers can further conprise a barrier |ayer 616, [00037] The
barrier 1080231616 d&ag Zilwstmtes variensgompprents in ane embogdimens-of gsinger pol yner
substrate. Above the barrier layer is an orifice plate 618 that can

conpr i se,100%hat Gan'¥ utilized 8 dmiplerAent thk Blventibe téchinfquelliRs@ibdd leeidl at € has a
plurality of nozzles 619 through which fluid heated by the various

resistors, 614 e ejected for printin i nt dia ot _shown). The
vari ous Isi,%’é?rsf@;ﬁgb c*lgi%rp@g,ordgg%sqrpg sggg)n%‘@ gth%af‘g%&%?‘tlﬁ?@ cﬁpecedi ng

| ayers. The configuration given here is but one possible configuration. For
exanpl e, contrahvatious printereperations, such as miediadhandling apdasriageompyement | ayer
are integral. [00038) The exenplary print cartridge shown in Figs. 5 and 6
is upsid f cfrﬁ'lég oYY j : j en positioned
for use,q‘?fgﬁ%argdr%[q 0 ?fr)omﬁt Hie%mgggtb?%gEnggyfa%ﬁg??gﬁa&mﬁe or nore of the
sl ots 604a-604c. Fromthe slots, the fluid can travel through a fluid feed
passagewdiANSBYHCRARiC-¢ads to an ej ection chamber 622. An ejection chanber
can be conprised of a resistor 614, a nozzle 619, and a given vol une of
space t h40e02d] O heirimtemf0Qycarchdveran elgetrishBy erasshlelgrograimablan el ectri cal
current is passed through the resistor in a given 10 ej ection chanber,

the flui ﬁgﬁf | il g i 5 i dy*a«,g‘,a% eject a
portion g?@%’elgﬁngl %%Pmmmg%% 18.96 %ﬁgféesg?fee?f%q ul caﬁoﬁien be
repl aced by addition uj d f t he 1l ui eed. passageway 620. Vari ous
Crbod: meebenemoSORAM) @-o{\ﬁ@% pinien (0N EE ek ) The

enbodi nent of Fig. 7 shows a view from above an orifice plate 618

conpri si (EERROM t104randR@M> 1 06)ta fearticulanptinteh avay) onlylinclade bhe of fheat e 618
conpri sing nunmerous nozzles 619 is positioned over several underlying

structur j h s+t Al j | J yi ng
structur 3‘3"‘%’?{ gﬁgpéif ecti %ﬁﬁ%dg%gg%lﬁgyfﬂ t‘ﬂ’gt§ Hg‘rgg’ %gﬁﬁgg@ﬁ tygﬂﬂ"l %i d feed
passageways (feed channel) 620 and,ihen to, a slpt,k 604ag-c. Al though the
ej ecti on %‘Hﬁéﬁfé?‘%ﬁ CHHMS qomRongnts ‘Hﬂi‘@ﬁg@@”@é‘ﬁgr‘gm% llq%nearl y along a slot,
ot her exenpl ary enbodi nents
[00025) The printer 100 can also have a firmware component 110 that is
implemented as a permanent memory module stored on ROM 106, in one
embodiment. The firmware 110 is programmed and tested like software, and is
distributed with the printer 100, The firmware 110 can be implemented to

coordinate operations of the hardware within printer 100 and contains

programming constructs used to perform such operations.



use ot her configurations. For exanple, a staggered configuration of the

ej ection chanbers can be utilized in sonme enbodinents to increase the
nunber of ejection chanbers associated with a given slot |ength. [00040)
Figs. 8-8b show slots (604d, 604e, and 604f) fornmed in a substrate 606d.
Fig. 8 shows a view from above the substrate, while Fi gs. 8a and 8b show
cross sedddeRe t akdm thisrambgdimicnt, prbesssen(s). 1 0Rrprocedses vanowuinstryeionst e 606d
has a thickness t (shown Fig. 8a). The described enbodi nents can work

sat i sf act@dohiroMHdoperaticit'ss thRigHmasiBand tosdtifinbaicate with eth@npl e, in the
speci fic described enbodi nents, the thickness t can range fromless than

about 100 .,m.crons Lo at l.eas u ] y

enbodi e n?l§°%%° Bgd § 8%“&836# V%ﬁ?’s &qu%gegn%%&ﬁﬁ?%%% &E@%@&P{l ﬁ%’ substrate
in some exenplary enbodi nents can be about 675 m crons. 11 (00041 ] Fig.
8 shows aROM06; and Riddvd 08, storesvarseustinformmtion and/andata swdht asat e 606d. The
view shown here is simlar to that shown in Fig. 7, except that the | ayers

above t heg frmﬁﬂf&ﬁﬁmdj%ﬁte,qeﬁ{glﬁtksz%am Bifig pridteiDlandeMu As with Fig.

7, in Fig. 8the substrate's first surface 610d conprises a thin film
surface or_side.. The sl ots, {604d, 604e, and .604f] ,can be terned conpound

Sl ot e oi rRickits inforEabing, dyaen nok dhaiva L tis embhARrueR Padicatac: | - par ¢
by respective trenches (802d, 802e, and 802f) formed in the substrate and
connect ecdprintencdrt alsb énclide a fAGH meffiaarly delvide i@(laceaof qransadditiantgh t he
substrate fromthe substrate's backside 6l2d and connect wth one of the

trenches Eﬁﬁﬁg)bM%%%n(ﬁqéwqgg) [ 00042] This can be nore readily seen in
t hat

Figs. 8a and show cross sections of a portion of the enbodi nent

shown in Fig. 8 Each of ese Figures sho .Cr -section,taken
transver s@”&%"d al oﬁ%"‘%tef 6&@"@&? °dF°lPa%am%?§i&“Wﬂk“ﬁF aCBa shows a
portion of the slot 604f where the trench 802f is proximate to a sl ot 804.

[ 00043] Fl 14, afid asdepiat/paratieLimtetfavedd$- msahommnial the embodimesofdigpd.und sl ot
604f. In this view, the trench 802f is visible, but no slot passes through

this cross; [We] G > i . ly at 806)
that r erra]?}lsgecgﬂeeptzt h@%d;e?%igp '}ggr?]a?)% %%f&e@%%%aﬁé}c&ﬁé ng%% ?llow t he
substrate to remain nuch stronger. than woul d ot herwi se be possible. This
subst r at einfermation maidaised by the penter 180 Adthougl printerctQd is lﬁh%ftat@@m, anmong
ot her things, serve to connect or strengthen the substrate material on

opposi t e Jsdviee befh RAM Q08 aRdGUikle e 132 B Prticalur Printétdhhe indlide sitiirt ed

substrate as well as decreasing substrate defornation. [00044] Many
exi sting ogi for fluid,feed sloi that S eney al const ant
wdth anRAsdPs ik f8vq') Paedebaidingn B florned st ofdn BRBR Foknecs. o
the substrate. Renobving all of the substrate material greatly weakens the
sl ot t ed senasnplesan ingxpensive pyintef mayrigckide asnaalkbamon RADG108]Jandinen
multiple slots are formed in a single substrate using these existing

t echnol ogdisk drivBq 12ttt RATBInGthé manFniring cOR o pEifiRrS| Ot s can often
distort or bend fromthe generally planar configuration that the substrate

can have j to ot for.nation uch .distortion can,be the re t of
Corsi onal [P © S Bindirt 112 0r o et Shih o Hbpepet Pan kR 1
integrated into a print head. For

and a data communication network in the embodiment shown. The network

interface 114 allows devices coupled to a common data communication network
to send print jobs, menu data, and other information to printer 100 via the
network. Similarly, serial/parallel interface 116 provides a data communication
path directly between printer 100 and another electronic or computing device.

Although printer 100 is illustrated having a network interface 114 and



exanpl e, torsional forces can be nmeasured by a resistance of the slotted
substrate to deviance froman ideal configuration relative to an axis that
is parallel to a long axis of the substrate. The long axis of the substrate
being generally parallel to the long axis of the slots. The distortion or
deformati on can nake the substrate weaker and nore prone to breakage during
processi nserigl{paaliz] imesface 116G ra particalar printer meay onlydaclude soe mterfacent egrat i ng
the substrate into a die or other fluid ejecting device nore difficult.
Oten the, Paﬁ%ﬂte is bonded to other different substrates to forma print
head and u mately a print cartridge. These different substrates can be
stiffer th slotted, s trate produced by.existing, technol ogi and can
cause the[@{‘}aﬁ ed s gg{qrﬁ@ 8 ags@fIBFﬂﬂ%F(? Qﬁ?ﬁ}fﬁe@?ﬁ? ?‘&H‘g’ﬁ‘?‘”?“dééﬁv] The
distortion of the print head can change the geonetries at which fluid is

ej ect ed f andratdisplay panéld20dsahbwndn the embddimentiof Fig.<2. ofbeusqrdnterfane of t he
slotted substrate. The exenplary slotted substrates are nore resistant to

such def QSH@H&%’bﬁﬂﬂeﬁﬁm Qﬁé@rﬁé uf® ﬁﬁh@g&% 10 Ba}{avgé'?é{!ﬁ rift&) that is

desired in many print heads. e descri enbodi nent s’ can be especially
resistant to deformation or hend] al ong an axis ortho al to the first
sur f ace omeélﬁétmc‘l}gesmﬂ ;@g&cﬂ'@cm NdIGAQrs 08 aBETiSS gggv%?ps@an provi de a
desirable integrated print head. [00048] Beyond the distortion that

renovi ng switohes) os atikr selectable contrdls thab afamagipuldied by a usér othe\pritgert he
substrate material is costly and time consuming. It will be further

recogni zegh. LSt 1:Q0Sy: of | | r are
formad. - CoIARe BhOA g0 3 aininl uibla Bt BiPules Bompd B RepRnglR 20 o

| ength since the substrate material that remains between the nultiple slots
r ei nf or cestatuseofthe priaters@dandthe current epfionsavarable te avspethrengh @€ per gi ven
| ength of substrate. [00049] Additionally, many of these current

t echnol oghemufstfughes! ot that is wider than desirable in order to
adequately provide ink to the ejection chanbers to which the slot supplies

i nk. The i bed odifent s . o ower
and/ or hag@sm gher%p%léﬁg'l [qnggfﬂgﬁ%g}?g%?%ﬂg @gﬁ%%g’%éll&ggémgjgﬁqsétots can
renove | ess substrate material which can require | ess machi ning and can
provi de ainpludasguechanismsarrangedito selsctivelycpply fhuide(e. g iquigtiskh@aptiaten made
to reduce the anount of substrate material renoved during slot formation,
but in sopRdi sudieaSpdpRE, PIMRY FibTic, RHD BhecliRE FLaBtbAddnel with phft &t@t S has

hi ndered perfornmance. "Sone of these existing technol ogi es can create areas
within a slot whete %ubbl.e . bend to accunul ate. This can cause mal functions
of the prPRTCIRORIE, %B@“&o vent ed adoption of these technol ogi es. The
present enbodi nents can reduce bubble accumul ation while providing the
machi ni ng[{@0831kt r endhk paicht enging 424 cn xomprise arprintwansageohddh UThe print . 14

[ 0005x] Referring again to Figs. 8a and 8b, it can be seen that in this

Tood. : € S€ I ;
enmpodi WE“E%%%ES cith Qofitalfl ofié of Hfoﬁé ﬁﬁﬂg?ﬁmﬁ aitélrzghtéﬁéeﬁdt?@éérggﬁbnhtshégdox' mat e

es .
to a slot I's greater than the w wh I's nore distant
t | ot hi s. . . . . .
0 aslo 1452:1& a'psnnt cartridge body 146. Additionally, the print engine can comprise
¢

one or more fluid sources 148 for providing fluid to the print cartridges and

ultimately to a print media via the print heads.

EXEMPLARY EMBODIMENTS
[00032] Figs. 3 and 4 show exemplary print cartridges (142a and 142b) in a

print carriage 140 as can be utilized in some embodiments of printer 100. The

print carriages depicted are configured to hold four print cartridges although only .



enbodi nent, the trench achi eves such a configuration by having a pair of
sidewal I s (805p and 805q). As shown here, an individual sidewall can have
at least a portion of its profile not parallel to a plane that contains the
| ong axis and is orthogonal to the fiést surface. Fig. 8 shows a view from
above the first surface 610d and the, Sidewalls 80 and 805q a ar

gener al | yonsi PN GapEIdEe a3 PROWRx a&tbefc‘?ﬁ#‘?@ﬁ?ya‘iqngf%“%qqs 458 ppg@&ni zed by
the skilled artisan. [00052] Some sidewall configurations such as the

gener al | yFigi hyhowd dhe prinf ¢cagtridgei lei2a<onfiguiedr for aampalonoectrteqi fwid of t he
trench 802f that are the nost distant to a slot 804 to have the trench's

m ni mum vy : eal-RaN : Al { ave the
ronoh s Sk iR il Wiaea St e BRnY CurRRIEY PaT COHIERAE] B Soih cBRect™ i of
any bubbl es foward the, wi der. regions that_are proxi nate,to. a,s].ot,3804.

Addii 11 onatpayluid sousee, 48k, ies eXempiesy SPR{BUREORS Aterossibly inghidieg Rube

greater than the maxinumw dth of the trench 802f. This can further pronote

bubbl e mimgptdimited thegprintvartridge hvingtits dwe selfaontaiféDAGId sappht.e migration
can be affected, at least in part, by an energy state of a bubble in an ink

feed sl bbl e - ' . [ ith
ot ner - butSPETr oo HiE™S SBENS of cRERELE) ptink SafiaRe i TSRS olfy CaRidRE 10 10

t he bubble is constrained by its physical surroundings in the irlk f eed
slot, an ténenwsgdaféh%pnmrgeaﬂdm andthe cartsidge h@éblldgn@tb@r eXemplandel , the

energy state conprises external forces on the bubble conbined with surface
tension  cohfighratfinsOHIESE Fetophied B these o \kiieid Belf.S are in equilibrium

wi th a bubbl € vapor pressure. (00054] An increased energy state can create
a propensj or ahubble to nmove to,.a physical, J.ocation wherg,it can
Fetucn T t00EM1 g, i B shols aorieasCripyAl pHPssRRRet B BOTST Bt the 1 over
energy state can be increased by reducing and/or elimnating any

i nt er nedi exemplany print cantxidged4itaken slong liviclaea irvFigads It shawsjthecantrigger

energy state to reach a location that allows the bubble to achieve the

| over enehdty F46¥%éntaihivee BURNGO2 o sagp@%rfﬁabﬁnt:ﬁéhdommmhwbbl e migration
by, at least in part, providing a conpound slot environnent where bubbl es

experience generally decreasi. ener states as they .traygl.framthe thin
£ t o boRiTIe e DFGh 583 s SihontimirCiompt cporoton 8t Bhid apkar e o
t he bubbl e can al so be affected by buoyancy forces. Buoyancy forces on a

bubbl e apthe printthead.t Ireother gmbodimerits, dsidpsenibéd abbivepbthee sxerBplayy print f or ces
pronote the novenent of a bubble upward in the fluid. In some of the

described E%ﬂ%ﬁw?{]ﬁz %#&Qrﬁﬂﬁ%{ Blabk ﬁﬂé‘tgbﬁggeigeﬂt}hg%teh& a printing

device so that” the ba urface 1s positione In film

he backsPHer PBRATH Sanatfke RN Rein: cARBIRRL P Al high sPh SHERIS, bo

ej ected fromthe nozzles. Bubbles can travel in a direction generally
opposi t e singlelvelondr YlackinkTHa thisembdiinhentylaarimiertaf different uehfeedt he
propensity of bubbles to mgrate as desired. [00056] In the enbodi nent

Gep! o1 e et Bt bl WRaShOME I S ot W £ (e
to have %604c. i(?t%le? eﬁér%%?a%? et | Pr%clmtgrch? 'divAi‘ae %hheo uxdi srllzp%{]yl sso that each of

the three fluid feed slots 604a - 604c receives a separate fluid supply. Other

exemplary print heads can utilize less or more slots than the three shown here.

[00035] The various fluid feed slots 604a-604c pass through portions of a

substrate 606. In this exemplary embodiment, silicon can be a suitable substrate.

In some embodiments, substrate 606 comprises a crystalline substrate such as

monocrystalline silicon or polycrystalline silicon. Examples of other suitable



16 enbodi nent, the cross-sectional area of the trench 802f is greater in
proximty to a slot 804 as shown in Fig. 8a, and | ess when nore distant to
a slot as shown in Fig. 8b. [00057] In the described enbodi nents, the
trench can have various dinmensions. In sone exenplary enbodi ments, the
length can range from about 100 microhs to at | east about 25,400 m crons.

I n one exsubptratey inntbde)iampong others, galliymarsemidpeglass; silicasoamies; 6n8. The
trench can have widths of 30 microns to about 300 microns with some

enbodi ne Ut dolal 24 -1 ing from
about 50 Terirtondbetag et dh, THRSbATAE chi SBFlprieE el o ok
measured relative to the thic ne?s t of the substrate 606. In sone

embodi menvil be reepgnized byt @ inthetlye dept hs ranging from about 10
percent to about 80 percent of the substrate's thickness. [00D58] Trench
802f, as [90084) i n FTlyssulBtratendDBhes afirst shrface 610 amida secdird duvfacel6d2f porti on
808. This portion of the trench can allow the various ink feed passageways

620 (sho i i : r exenpl ary
embod mar STed bl (e el e ARe kplopd R RO eBle ARANPE. ot fon. | n
sonme exenpl ary enpodj nents whi.ch conpri,se_a shal,l ow 1§, .the width of the
shal | ow sgraefateréﬁgﬁfemft BHRmb W@ﬁPgEBni%ﬁ“ﬁgrrE%ﬁ‘P%g{]fhip thishi mum wi dth of

the trench. In other enbodi nents the shall ow shelf's width can be | ess than

or equal éeniplaryembodihetit thd reistbfict 14 sre@art dftn stackeofthinfilarlxyersiondi nent s,
the width of the shall ow shelf can be about 80 percent of the m nimumw dth

i mensi orlGahans Ripaate &F YBE AR SYem et ifier Bifipdeet PamleR IRRG  ca

slots having a 17 diameter ranging fromabout 30 mcrons to about 300
nmi crons. @¥.one enbodi nent, the dianeter can be about 200 microns. O her
enbodi nents can utilize slots that appear elliptical, or rectangular in

cross secfgpes?] | n Olige bareiep lfyey 6¢67ean comiprise, diflong other tiihgd,a 804 can have a
cross-sectional area of about 1.5x 105 ( 150, 000) square mcrons. O her

about 000 ehit Bt SuRiag,cAbo% Bietaiat BYE R FiFE plaBR el
descri bed enbodi nents can provide satisfactory ink flow to supply adequate

i nk to alcanmemprises buf istrios limitadcto amickelsubstratei the drificeplatedas@ ar y
enbodi ment, an exenplary trench, as described above, can be supplied by 10

sl ots. | nguwiliy'af né%%%%%?@?x@lﬁglgﬁgc}gﬂgf&i%@astﬁ% W&é@&ld\ﬁ%&is@%@m@f 2.0x 1

OS square m crons. a perspective view of a
substrate 6Q6g.that has ,conpound slots, (604g, 604h, and 604;) forned in it.
Each of 9@ ﬁﬁﬁﬁﬁi&%%@%@% aw&r@mﬁﬂé&c&sbpwah TBRATION® Hyers camng
multiple slots (804g-i). [000&] Fig. 9 is a perspective view fromslightly
bel ow t hebesformed adeposited; orattached upen theupreeeding 10ers.WEh¢ eoffigurationi s a
perspective view fromslightly above, so the second surface 6129 is

visiole. dived Hes bilt bhéPosstblRWntiBurdtioR. R ekhfiple, HP8H al@riiivent ed
similarly’to the nost cofmon orientation during
embodiment, the orifice plate and barrier layer are integral.
[00038) The exemplary print cartridge shown in Figs. 5 and 6 is upside down
from the common orientation during usage. When positioned for use, fluid can
flow from the cartridge body 146 into one or more of the slots 604a-604c. From
the slots, the fluid can travel through a fluid feed passageway 620 that leads to an
ejection chamber 622. An ejection chamber can be comprised of a resistor 614, a

nozzle 619, and a given volume of space therein. Other configurations are also

possible. When an electrical current is passed through the resistor in a given



printing where the first surface can face, and is generally parallel to,
the print media. In this orientation, ink can flow froma cartridge body
146 (shown Fig. 5) attached to the second surface 612g, through the
conmpound slot{s) and ultinmately be ejected froman orifice plate attached
to the first surface 610g. 18 [0006@] To aid the reader in understanding
t he presegjectionbdimben; the fluid can beheated thits boiing poidtsothat iteexpands toat e 606g
in each of the Figures has been cut away so that a different portion of

conmpound egt@Qta RiMtbn of the Auld LotBE n6L/TL 199 ThHe SEdtEd Al sdrPihen®e4g and
604h. The“portion of the conpound slots visible on cross-sectional surface

902 shows two enghes 2 nd 80 nd two slots {8 .and 804h

respect i \FEPl)a?‘?& {)ﬁéaau O“E‘ﬁﬁplqﬂ g"@rﬁﬁ%@%?ﬁ"‘% RasEAgEY '?ﬁgr'?‘t‘sench shown on
surface 902 can be the wi dest portion of the trench. This can be contrasted
wi th t he embsiadimentsfcantdse utilizéotherejestimymechamismss- sect i onal surface 904
where the trench is not proximate a slot (804i shown Fig. 10). The areas of
subst r at inin e j r & ructures
2061 [ 000pET e A SEFEDniaf of Ftk 7 BN SEHBY o R iIREpizte T 1
of the slotted substrate 606g. For example, Fig. 10 shows seven sl|lots 804i
conpri si @8mmmuggmvmmngapmsh@adﬁm@smgeﬂhe patice plate Q18 rei nforci ng
areas or structures 806i where the substrate naterial renains upon

conpl et i GonrisifEnmetousiRgisH194S pusitionedoveraevent andal ghgatructurey
substrate material on opposing sides of a conmpound slot. Anong ot her

out of ¢ Bt G5 infard) BLAaSfod SR TS widH g StbARRBIERAE"; "D

substrate 606g than if the reinforcement structure 806i was not present.
[00066] Ajectiomahambern622 thatans eanmectedde fluid derdpassageyvaysifeedras general |y

the sanme depth for the |l ength of the trench. Thus regions proxi mte a sl ot

8049-h, ahafilél)¥620 andYhérfa SIOE 604a-6D ARtHughahé ejecfibR th&fBers showahown on
surface 904, can have equal depths. The cross-section of the trench 802i

shown 9 on_surface 904 i .however. both (IO nd h . |l er area
than cr odEre Bt el eenp i inbRAT Aibng & Slo ARG SR IARLmPaREE ' o067,
As shown in this enmbodi nrent, each of the trenches further has a shal |l ow

shel f r egisontiigEoyfigurationsc ov ekgmples a dtaggeradacondiguvatiomof the gjdctiont o Fi g.
8. The shall ow shelf region can aid in providing a uniformand/or known

| engt h i RdpahfiRes DAPBEERIEN IS{taNd erfibSdinfontd fPfickdage MledturhBer d¥ctj¥dtibne!
firing chanbers (shown Fig. 6). [00068] The enbodi nents shown i'n Figs.

8-8b, 9 and 10 can reduce.bubhl e accunul.ati on, at least in part, by varying
the wi dt FFT‘Q &WPB@&@H&%}VB‘?%Y%M depending on the proximty to a
sl ot 804. The enbodi nents depicted in Figs. 11 15 can reduce the occurrence

of bubbl §08@40}mul atHigs., 8-8b shewsslots (6@, 604&,yand604fh forired idepsubstritea t rench.
[ 00069] Fig. 11 shows a cross-sectional view taken along a long axis of a

it Legcpi ??ﬁsdf ¥igP8' sRéwb & Vaw Trbrh AbSvd theSubstrdtt 2whil Foks. 8k aRd Y XHoWAL € 606)
cross sections taken through the substrate. The illustrated substrate 606d has a
thickness ¢ (shown Fig. 8a). The described embodiments can work satisfactorily
with various thicknesses of substrate. For example, in the specific described
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 thickness ¢ of the substrate in some exemplary embodiments can be

about 675 microns.



step. In this exenplary enbodi ment, the trench 802 has a generally uniform
wdth w (shown in Figs. 12a and b); however, as can be seen fromthe

drawi ngs the depth (x, and x2) of the trench varies between alternating
relatively deeper regions 1102 and rel atively shall ower regions 1104. The
trench can be partially defined by alpair of generally opposing end walls
(1105r afebos1ps5s) . Rig Sshwovearvieow frent shove apofirst Bllﬂé‘am‘Gé)d ogﬂwu sfigateend wal |
1105r has a substantial portion that is not perpendicular to the |ong axis

of the tmaa.hmié@gawpmeg%fé“ﬁnﬁmwﬁ{ak %&ﬁﬂixﬁfi%g?gkaepwmah@- Thi s

configuration can al e mgration as w I scussed in nore

detail bel ow 20 [00070). Figq. ,12 sho nmultiple slots 804] formed in the
subst r at X%ﬁﬂb%‘qusﬂlgétr%tf’éﬁgl'\d’@@ 393%83 BiféRgTed%Otssg'PM{:eA%‘ivﬁ?‘ ﬁg a second
step. The trench 802 and slots 804 can forma conpound slot 604j. In this

cross- se@ imPid. Sthewubstkate’sdirsthsurfack &10d apimprises a iiwint filen serf&@yr siddae sl ot s
are generally connected to the trench proximate to the deeper trench

regi ons t S i di t slots
5ad) - Thi S slot(B04Y, dUResaid B0 ol be Rl Ubrii et St LPGEE
cross-sectional views taken transverse to,the view shown in Fig . Figs.
12a and tmboghmant, theslots are camprised.asdeast Hopart,iby mg%c,nvgatrmge%@&éooon )
Fig. 12a shows a cross-sectional view taken along line c-c in Fig. 12. Fig.

12b showg02e CAPSOZ Eornféthin the SubstAe Andbomiectdd o MuHiple shotd804l ZEadkach of
these views 1s simlar to the cross-sectional viewof Fig. 6 that is taken

along |i na J.n _Fi i hows .00 Qf ok 802j shown
in Fig. gg)tﬁﬁgtcaﬂfaﬁggggﬁﬁgg%awﬁﬁﬁﬁ %‘Pé@e ?chﬁsyagq 8?%‘%‘% gg(g@c&Zb shows a
portion of the trench 802j that is nore distal to the various slots 804j

t han t he connestsritnane of thegrenchas (8024, 802¢rand 8026ht depi cted here, the
trench 802 has a generally uniformwi dth wfor its Iength and so the width

cen . agensra : v
of the ﬁ?%?ﬂggplgb?%é&fbﬂmojf@ 451y edh iy FRIBV8A and B8 tHatkhbwodrokdie portion

i
However, 1 n this“enbodi nent, the depth of the trench
vari es as_can be. seen here, where .t he depth .xl.as, sho L Fig, 12a is
o eat o SROHPTSHE SRS the Sqodimens SRoYR i 5§ oBestbpt these Fieudes
embodi nents, the various cross-sections t aken transverse to the tong axis
of the tsbowa @og§-seatibnotakemn trpusvetsesinsk aléng p longatiaws theicgmpgund slot
cross-sectional areas and al so can have varying cross-sectional shapes. For

exanpl e, G0af.! Ry BARAWIN PorfibA WF thes1bt 654 Wide 1O treRét B0 is phSximate
cross-sections of the trench can be generally represented as a rectangle.

| ndi vi dual rgoctmgl es can 21 have the sane width, but differing heights,
and ther é?87 tng different shapes. OQther exenplary enbodi ments can
conbi ne these various features in other configurations. [00073] As shown in
Figs. 11[60043)2, t Figi8teshoiwss08¢condrossrseotiopaliviewtof théeompound slot |,
however, other enbodi nents can be forned in various sequences. For exanple,

sl ots caole f@ﬂﬁ?ﬁgiﬁf}gﬁe Wech BOPLigRidibR, bt rﬁéﬂgfg%ésﬁgs f}g'g\é%f}ﬁ%& erg' and

then a trench for join or conneci to t

enbodi ments.can form sl.ots, t hrou he entire, thi s of the substrate
gt hon SECHR. AnsTeBf SRR Mo o) (AR geTls A IO aat SO AR R | Those
of skill in the art will recognize other suitable configurations.

formation of the compound slot can allow the substrate to remain much stronger
than would otherwise be possible. This substrate material 806 can act as a
reinforcing structure that can, among other things, serve to connect or strengthen
the substrate material on opposite sides of a slot. Such reinforcement can
strengthen the slotted substrate as well as decreasing substrate deformation.
(00044] Many existing technologies form a fluid feed slot that has a

generally constant width and length that is formed all the way through the



(00075] The exenpl ary enbodi nents descri bed so far have conprised renoval
-steps to renove substrate material to formthe conpound fluid feed 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, th sl ots are formed, a diaposi tion step
can add thiekngss af the substratee Removing allgf the sebstiate material igreatlyt WeakedSt o form

t he conpound slot. Qther enbodi nents can also include one or nore steps to

cl ean- upthsibtted Sibstrhte) especidlly ifdompsiots &t domedlhese addi tional steps can
occur internediate to, or subsequent to, the described steps. [00076] Figs.

12-15 sh me ex e | | i |

enbodi nemldgﬁ@an regﬂg{n %&giﬂlggg)?zgc%yﬁgpﬁﬁ\{%hd iprsl %g%%%gﬁﬁépgt%gmq . Fig.
12 represents an orjentation for a substrate 606j incorporated into a print
cart ri dgexigtingtachrplpgies) the substrate matgrial remainingpetwoen the glatsican oiten
orientation, fluid can be received into the backside or top surface 612]

from t hedfsedrt bi Baed frodythe %&eﬂa&@ plasarvafigufitivnothat the sabsteste 8@ have suppl y
the trench 802j. The trench can supply the various ejection chanbers (shown

Fig. 6) C Lti . e b L L. ce 610j,
[00077] BRGh A BEntEn, SHR6 Gfbniatiantethe bl b iamibRAIcC 1
created. Such bubbles can enter the conpound slot 604j. Faor example, Fig.
12 showsamoggethersiexpenisnees by the subatrateiwehemintegratedhiniorg pant head For ¢ he
trench 802j. In Fig. 13, the bubbles 1202 have noved upward and contacted
the subs Eiﬁhﬁle?ior’si'&ﬂapf&réé%aﬁltmnﬁwufr@cpsy 430distafite bhthelsloMéd subsatean be

seen, this top surface 1302 is generally sloped toward the connecting slots
804j. [00078]. Fig. 14 sh t bubbl es 1202 havi.ng nmoved at,.an .upward

angl e 1 o gevinRee framanidenl rontiRetinn flastver B A D ol SRR OAIERE has
positioned the bubbles 1202 at a position below a slot 804] . Fig. 15 shows
t he bubbhxis ofalé supstrate. aTheilang axis ofithie substrate beirggeénerally parallel todhexit t he
substrate. [00079] Though the enbodi nents shown in Fig. 11-15 and the
enbodi e tH 59 T helist | of Anstiowbsn ARARE R Sisk@fe t 0 reduce
bubbl e a&n}nﬁ?g??orﬁlﬁtsgﬁ@eﬁleﬁgﬁdg e? eiﬂéﬂgflary enblt%% ments can conbi ne
vari ous con&%gur tions. For exq%r;pl e, .the varying width of the trench shown
in Figs. W2 Ee BromgitA baeakage dUFBE PERSESHPEdept h of the trench shown in
Figs 11-15 to create multiple configurations to reduce bubble accunul ati on.

EXEMPLAROOIESHODS Dastoftidn dnddor défotmation Cannalgo agakenintbgsatingtheg a net hod for
form ng exenplary slotted substrates. Step 1602 fornms a trench in a

SUbS 1 2t Cuboaid B8 o\ GEBPOT Aui@BeBlng BB Sl O AR, (GBI L1 SOT®

exenpl ary enbodi nent’s, FrNing 1s use or e trench. In
one exenpl ary epQodi nent, |aser. machining can be used to fromthe trench on
a first §%%&Wﬁﬂet@rﬂ§§fﬂ§m$®é§‘ag§r¥g2‘i’%§Hl'mtllilﬁ?dp side of the

substrate. In this particular enbodinent, a barrier |ayer can be deposited

prior toulthnrately aptinbcartiidge) eThese mifferehbsubstratesalande stiffertkaniashooed barri er
| ayer thickness to be maintained on the slotted substrate. (00081] Various

sui tabl eglpgshe PRIAICEE By UxistinBReditolsbS St Bin Oftfse Fhe STOtkd shiffstrate to

deform to their configuration.

(00047) 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. The exemplary slotted substrates are more resistant to such
deformation, and can better maintain the planar configuration that is desired in
many print heads. The described embodiments can be especially resistant to

deformation or bending along an axis orthogonal to the first surface of the



the art. One suitable | aser machine that is commercially avail able can
-conprise the Xise 200 | aser Machining Tool, manufactured by Xsil |td) of
Dublin, Ireland. [00082] Step 1604 forms a plurality of slots in the
substrate. The slots can connect to at |east portions of the trench to form
‘a conmpound sl ot through the substraté& The trench can be configured to
pronot e tsibstrdte Thisoresiztaneshd deforimation che provdde b desirable lintegtatedprifihe sl ot s

can be fornmed with various nethods. For exanple, sand drilling can be used
to form tﬂagdsl ots. Sand drilling is a nmechanical cutting process where
t ar get fial is removed by particles, such as al um num oxi de, delivered

froma high-pressure airf]ow, syste Sand drilling is, also referred to as
sand bl aslaw‘i@,] abr %ﬁ%@gﬁ@mﬁp Eﬁlﬁg,emaﬁal&'s%ﬂﬂugb substrate maserial SpnAs an

alternative to sand drilling, other exenplary enbodi nents can use one or

nmore of tdaasd,the actiofgeteving thesabstraté atatetidids sostiysand tinerconsuming. niy,

et chi ng processes such as dry etching and/or wet etching, nechani cal

machi ni ng,,; j ' : : foeyari ous
save. and Y SRS Scoehat bt hesd MEldk bl ApliHER if ifightoflar

Mul tiple or hybrid processes can be used to forma_slot or trench

conpri si nfgnn@% conpersely, thedesaribed embadiments grexscalable ta anjadesjreddi f f er ent
processes can be used to formthe trench than those used to formthe slots.

24 CONCLUghgh! siriteGRé kuBstaatel aatérid) thatesmaliisbotveert e muRiplélsiowet hods and
systens for formng a fluid feed slot in a substrate. The slots can supply

ink to the, i fiL Ui | ecti lenent s C t he. £l uid feed slot
whi 1 e al 1ERoF HE Lpibd afboEold IR B PRt SRR BRILAS b pbiven gt
technol ogi es. The described fluid feed slots can have a conpound

conf i gur afisybsteatepri sed of a trench received in the substrate's first
surface and connected to a plurality of slots passing through the substrate
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by opposing first (610) and second (612) surfaces conprising:

accumulation in the slots has hindered performance. ‘Some of these existing

technologies can create areas within a slot where bubbles tend to accumulate.
This can cause malfunctions of the print head and has prevented adoption of these
technologies. The present embodiments can reduce bubble accumulation while
providing the machining and strength advantages of a non-continuous compound

slot.
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slot 804 can be greater than the maximum width of the trench 802f. This can

further promote bubble migration from the trench into the slot.

{00053]) Bubble migration can be affected, at least in part, by an energy state

of a bubble in an ink feed slot. A bubble can have a generally increasing mass by

coalescing with other bubbles present in the ink, and/or vapor coming out of

solution. If the bubble is constrained by its physical surroundings in the ink feed

slot, an energy state of the bubble can rise. According to this model, the energy

state comprises external forces on the bubble combined with surface tension
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can cause the trench to have a variable cross-sectional area. As shown in this
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Fig. 8b.
[00057] In the described embodiments, the trench can have various
dimensions. In some exemplary embodiments, the length can range from about
100 microns to at least about 25,400 microns. In one exemplary embodiment, the
length can be about 8500 microns. The trench can have widths of 30 microns to
about 300 microns with some embodiments utilizing 200 microns. The trench can
have a depth ranging from about 50 microns to about 500 microns. The trench
depth can also be measured relative to the thickness t of the substrate 606. In
some embodiments, individual trenches can have depths ranging from about 10
percent to about 80 percent of the substrate’s thickness.
[00058] Trench 802f, as shown in Figs. 8a and 8b, can also include a shallow
shelf portion 808. This portion of the trench can allow the various ink feed
passageways 620 (shown Fig. 6) to be a known and/or uniform length. In other
exemplary embodiments, the trench may or may not contain a shallow shelf
portion. In some exemplary embodiments which comprise a shallow shelf, the
width of the shallow shelf can be from 5 percent to 150 percent of the minimum
width of the trench. In other embodiments the shallow shelf’s width can be less
than or equal to the minimum width of the trench. In some exemplary
embodiments, the width of the shallow shelf can be about 80 percent of the
minimum width of the trench.
[00059] The various slots 804 can have a wide range of dimensions and

shapes. Some exemplary embodiments can utilize cylindrical slots having a



10%8& ()-,! 10%& ()- " 10%& ()- 10%& ()- 3@ 10%& ()- WOydEmb@
10! 2109%&' ()- /S 10%& ()- s-10%& ()- L +10%& ()-y&l0%& ()- & 10%& () -
ez[\] xnbC 10! s10% ()- 10b 10b 10b,;S 10%& ()- 8! 10%& ()- 610%& ()-
F410%& ()- :<dEnbC 10! 109%& ()- z 10%&' ()- L10%& ()- 109%&' ()-

109k () - 3s@10%&' ()-3<"7zdEnbC 10!" 109%& ()-109%& ()- y10%& ()- 10%& ()-
1109 ( Xan@ePisnging frofipaltioniG0lfioramdd dbout 300 avigtons: IFenede ()- ) @
1098 () - &n&O%& ()- $109& ()-gBz{|}xmb@ 10! 10%U TU & ()- 10 10

101 21005 £ T I8 s‘&“&?%%% *%%m%@ﬂ%f“nf@fs?}?%ﬁ%mm&m 0-

21} 11" dEmb, 10II 1 1090& ()-..109& ()- ,109d& ( 10907& () - 109%& () -
utilize slots that appear elliptical, or rectangu]ar in cross section. In‘one

exemplary embodiment, individual slots 804 can have a cross-sectional area of
about 1.5x10° (150,000) square microns. Other embodiments can utilize slots
having cross sectional areas ranging from about 5000 square microns to about
3.8x10° square microns.

[00060) The described embodiments can provide satisfactory ink flow to
supply adequate ink to all portions of the trench during printing. In one
exemplary embodiment, an exemplary trench, as described above, can be supplied
by 10 slots. Individual slots can have an average cross sectional area of 2.0x10°
square microns.

[00061] Figs. 9 and 10 show a perspective view of a substrate 606g that has
compound slots (604g, 604h, and 604i) formed in it. Each of the compound slots
can be comprised of a trench (802g-i) and multiple slots (804g-i).

{00062} Fig. 9 is a perspective view from slightly below the substrate
showing the first surface 610g, while Fig. 10 is a perspective view from slightly
above, so the second surface 612g is visible. As shown in Figs. 9 and 10, the
substrate 606g is oriented similarly to the most common orientation during
printing where the first surface can face, and is generally parallel to, the print
media. In this orientation, ink can flow from a cartridge body 146 (shown Fig. 5)
attached to the second surface 612g, through the compound slot(s) and ultimately

be ejected from an orifice plate attached to the first surface 610g.
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cross-sectional surface 902 shows two trenches (802g and 802h) and two slots
(804g and 804h respectively).

[00064] In this embodiment, the area of the trench shown on surface 902 can
be the widest portion of the trench. This can be contrasted with the portion of the
trench 802i shown on cross-sectional surface 904 where the trench is not
proximate a slot (804i shown Fig. 10). The areas of substrate remaining between
the slots can comprise reinforcement structures 806i.

[00065] The reinforcement structures 806i can increase the strength of the
slotted substrate 606g. For example, Fig. 10 shows seven slots 804i comprising
compound slot 604i. Positioned between the slots are reinforcing areas or
structures 806i where the substrate material remains upon completion of the slot.
These structures can decrease deformation of substrate material on opposing sides
of a compound slot. Among other advantages, the resultant slotted substrate can
be stronger in bending in or out of the plane of at least a portion of the first
surface 610g of the substrate 606g than if the reinforcement structure 806i was not
present.

[00066] As shown in this embodiment, each trench (802g-802i) has
generally the same depth for the length of the trench. Thus regions proximate a
slot 804g-h, as shown on surface 902 or more distant a slot 804i, as shown on

surface 904, can have equal depths. The cross-section of the trench 802i shown
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o The shallow shelf region can aid in providing a uniform and/or known length ink
feed passageway (shown Fig. 6) from the slot to individual firing chambers
(shown Fig. 6).
[00068] The embodiments shown in Figs. 8-8b, 9 and 10 can reduce bubble
accumulation, at least in part, by varying the width and/or cross section of a trench
depending on the proximity to a slot 804. The embodiments depicted in Figs. 11-
15 can reduce the occurrence of bubble accumulation, at least in part, by varying
the depth of a trench.
[00069] Fig. 11 shows a cross-sectional view taken along a long axis of a
trench 802j formed or received in a first surface 610j of a substrate 606;j in a first
step. In this exemplary embodiment, the trench 802j has a generally uniform
width w (shown in Figs. 12a and b); however, as can be seen from the drawings
the depth (x; and x,) of the trench varies between alternating relatively deeper
regions 1102 and relatively shallower regions 1104. The trench can be partially
defined by a pair of generally opposing end walls (1105r and 1105s). In some
embodiments, a profile of an individual end wall 1105r has a substantial portion
that is not perpendicular to the long axis of the trench. As shown here the end

walls are generally arcuate. This configuration can aid in bubble migration as will

be discussed in more detail below.
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along a long axis of the trench 802j, the slots are generally connected to the trench

proximate to the deeper trench regions 1102, where the shallow regions 1104 are
between adjacent slots 804j. This can be seen more clearly in Figs. 12a and 12b
that show cross-sectional views taken transverse to the view shown in Fig. 12.
Figs. 12a and 12b show views similar to those shown in Figs. 8a and 8b.

[00071} Fig. 12a shows a cross-sectional view taken along line c-c in Fig.
12. Fig. 12b shows a cross-sectional view taken along line d-d in Fig. 12. Each
of these views is similar to the cross-sectional view of Fig. 6 that is taken along
line a-a in Fig. 5. Fig. 12a shows a portion of the trench 802j shown in Fig. 12
that is proximate and connected to a slot 804j. Fig. 12b shows a portion of the
trench 802j that is more distal to the various slots 804j than the view shown in
Fig. 12a. In the embodiment depicted here, the trench 802j has a generally
uniform width w for its length and so the width of the portion shown in Fig. 12a
generally equals the width of the portion shown in Fig. 12b. However, in this
embodiment, the depth of the trench varies as can be seen here where the depth x,
as shown in Fig. 12a is greater than the depth x; as shown in Fig. 12b.

[00072] In these embodiments, the various cross-sections taken transverse to
the long axis of the trench 802j and/or compound slot 604j can have varying
cross-sectional areas and also can have varying cross-sectional shapes. For
example, in the embodiment shown in Figs. 12a-12b, each of the cross-sections of

the trench can be generally represented as a rectangle. Individual rectangles can
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[00073] As shown in Figs. 11 and 12, the trench 802 was formed prior to
the slots 804j, however, other embodiments can be formed in various sequences.
For example, slots can be formed part way through the thickness of the substrate
and then a trench formed to join or connect to the slots.

[00074] Other embodiments can form slots through the entire thickness of
the substrate and then form a trench relative to the slots to form a compound slot.
Those of skill in the art will recognize other suitable configurations.

[00075] The exemplary embodiments described so far have comprised
removal steps to remove substrate material to form the compound fluid feed 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.

[00076] Figs. 12-15 show some examples of possible ways in which the
described embodiments can reduce bubble accumulation in the compound slot
604j. Fig. 12 represents an orientation for a substrate 606j incorporated into a
print cartridge (shown Fig, 6) or other fluid ejecting device. In this orientation,

fluid can be received into the backside or top surface 612j from the cartridge body |



10Tf ; 3109F& ()-9z 109%& ()- 63109F& ()- 4 109%& ()-,2 1090& ()-
1911090& ()- ; b<bbbb.cyccxY:/ 10Ty 109%& ()- s& 10%& ()- -109%& ()- s

109&' ()- s,109%&' ()- s 10%& ()- 10TcddddeLeedE:/ 10TZ10%& ()- , 10%& ()-
3109& ()- 109& ()- 3:110%& ()- S 10%& ()-ee fnffgPgdE:/ 10Ts-S 10%&' ()-
3+109%& ()- (109%& %r 1098 ()- 9% 183& ()- !':!10%& (% Pggg/ hLhhhhhdE: / 10
10, ; 109146 andpagwibrqughcthesbas 804jito supply the-treneh 392j. (The trgnch can

109%& ()-hhh&i 0iijYjxY:/ 109mL0% ()-3109%& ()- s 109%& ()- f109%& ()-

s10%& () su 6)1 ?ﬂ?e((énmﬂs(é edtidnQtakibierd (shown Rig6) that Car BOY8Sitibned on the

109& () - i - 10%& () FlO%& ()- ki1l (nendE:/ 10Y+@ 10% ()-)' 10%& () -
&f 109&' (} rf - 109 ()- znmmf nnoNoQoPodE:/ 10
109S109&M1fst °f6h‘E0§l§E ﬁc"'l S23109%&' ()- 0: 109%&' ()--3109%& () -

PoQooo>ppppuV7/ 1010%5;& O)- LlO%g& ()- 10%&
[00077) When fluid is ejected from the firing ¢ ambers bubbles can be

created. Such bubbles can enter the compound slot 604j. For example, Fig. 12
shows a group of bubbles 1202 near the thin film surface 610j of the trench 802;.
In Fig. 13, the bubbles 1202 have moved upward and contacted the substrate at
the bottom (top surface 1302) of the trench. As can be seen, this top surface 1302
is generally sloped toward the connecting slots 804;.

{00078} Fig. 14 shows the bubbles 1202 having moved at an upward angle
following the configuration of the trench 802j. This movement has po§itioned the
bubbles 1202 at a position below a slot 804j. Fig. 15 shows the bubbles having
migrated up through the slot 804j and about to exit the substrate.

[00079] Though the embodiments shown in Fig. 11-15 and the embodiments
shown in Figs. 8-8b utilize a single configuration to reduce bubble accumulation
in the trench, other exemplary embodiments can combine various configurations.

For example, the varying width of the trench shown in Figs. 8-8b can be
combined with the varying depth of the trench shown in Figs 11-15 to create

multiple configurations to reduce bubble accumulation.

EXEMPLARY METHODS
[00080] Fig. 16 is a flow diagram describing a method for forming

exemplary slotted substrates. Step 1602 forms a trench in a substrate. Various

techniques can be used to form the trench. In some exemplary embodiments,
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comprises thin-film side of the substrate. In this particular embodiment, a barrier
layer can be deposited prior to the formation of the trench. This can allow a more
uniform barrier layer thickness to be maintained on the slotted substrate.

{00081) Various suitable laser machines will be recognized by one of skill in
the art. One suitable laser machine that is commercially available can comprise
the Xise 200 laser Machining Tool, manufactured by Xsil 1td. of Dublin, Ireland.
[00082] Step 1604 forms a plurality of slots in the substrate. The slots can
connect to at least portions of the trench to form a compound slot through the
substrate. The trench can be configured to promote the migration of bubbles from
the trench into the slots. The slots can be formed with various methods. For
example, sand drilling can be used to form the slots. 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.

[00083] As an alternative to sand drilling, other exemplary embodiments can
use one or more of the following techniques to form the slots: laser machining,
etching processes such as dry etching and/or wet etching, mechanical machining,
and others. Mechanical machining can include the use of various saws and drills
that are commonly used to remove substrate material. Multiple or hybrid
processes can be used to form a slot or trench comprising the compound trench.
Alternatively or additionally, different processes can be used to form the trench

than those used to form the slots.
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[00084) The described embodiments can provide methods and systems for
forming a fluid feed slot in a substrate. The 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 feed slots
can have a compound configuration comprised of a trench received in the
substrate’s first surface and connected to a plurality of slots passing through the
substrate from its second surface. The described embodiments leave substrate
material between the various slots comprising the plurality of slots and therefore
enhance the structural integrity of the slotted substrate. This can be especially
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 ink feed slot of almost any desired length to be formed. The
described embodiments can also be quicker to form since less material per a given
slot length is removed. The slots can be inexpensive and quick to form and have
aspect ratios higher than existing technologies. They can be made as long as
desirable and have beneficial strength characteristics that can reduce die fragility

and allow slots to be positioned closer together on the die.

[00085] 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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1. A print head substrate (606) having a thickness defined by opposing first
(610) and second (612) surfaces comprising:
a trench (802) received in the first surface (610) and extending through less
than an entirety of the thickness of the substrate (606); and,
a plurality of slots (804) extending into the substrate (606) from the second
surface (612) and connecting with the trench (802) to form a compound slot (604)
through the substrate (606), wherein the trench (802) has varying cross-sectional

areas when viewed transverse a long axis of the trench (802).

2. A printing device (100) incorporating the print head substrate (606) of

claim 1.

3. A print head substrate (606) having a thickness defined by opposing first

(610) and second surfaces (612) comprising:

a trench (802) received in the first surface (610) and extending through less
than an entirety of the thickness of the substrate (606), wherein said trench (802)
can be defined by one or more trench walls (805) and a trench bottom (1102); and,

a plurality of slots (804) extending into the substrate (606) from the second
surface (612) and connecting with the bottom (1102) of the trench (802) to form a
compound slot (604) through the substrate (606), wherein the trench (802) is

wider at portions proximate to said slots (804) than at portions more distant to said
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plurality of slots (804) is greater than a maximum width of the trench (802).

5. A method of forming fluid feed slots (604) in a substrate (606) comprising:

forming (1602) a trench in a substrate; and,

forming (1604) a plurality of slots in the substrate that connect to at least
portions of the trench to form a compound slot through the substrate, wherein the

trench is configured to promote bubbles to migrate from the trench into the slots.

6. The method of claim 5, wherein said forming (1602) a trench comprises

laser machining a trench.

7. The method of claim 5, wherein said forming (1604) a plurality of slots
comprises one or more of: laser machining, dry etching, wet etching, sand

drilling, and mechanical drilling.

8. A substrate (606) for use in a print head die (144) comprising:

a compound slot (604) comprising an elongate trench portion (802) that
extends along a long axis, and at least one reinforcement structure (806) within
the compound slot (604), the reinforcement structure (806) having a surface
(1302) nearest the trench (802) and a surface (612) away from the trench (802);

the surface (1302) nearest the trench (802) being generally non-planar; and,
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generally arcuate.

10. A substrate (606) for use in a print head die (144) comprising:

a compound slot (604) comprising an elongate trench portion (802) that
extends along a long axis, and at least one reinforcement structure (806) within
the compound slot (604);

a pair of generally opposed trench-defining side walls (805p-q), at least one
side wall (805) having a profile a majority of which is not parallel to a plane
containing the long axis where the plane is orthogonal to a first surface of the
substrate (606); and,

the substrate (606) being stronger in torsion around an axis parallel to a long
axis of the substrate (606) than if the at least one reinforcement structure (806)

were not present.



