" e3e~] { XXYdZXT[]6>] T] VdHL 10 15 METHODS AND SYSTEMS FOR FORM NG SLOTS I N
A SUBSTRATE BACKGROUND OF THE | NVENTION Ink jet printers have becone
ubiquitous in society. These printers provide nany desirable
characteristics at an affordable price. However, the desire for ever nore
features at ever-|lower prices continuEs to press manufacturers to inprove
20 efficiencies. Consuners want ever higher print image resol ution,
realistic colors, and increased pages or printing per mnute. One way of
achi eving consuner demands is by inproving the print head and its method of
manuf acture. Currently, the print head is tinme consum ng and costly to
make. Accordingly, the present invention arose out of a desire to provide
fast and econom cal nmethods for formng print heads and other fluid

ej ecting devices having desirable characteristics. 5 BRI EF DESCRI PTI ON OF
THE DRAW NGS The sane conponents are used throughout the drawings to
reference |i ke features and conponents. Fig. 1 is a front elevational view
of an exenplary printer. 10 Fig. 2 is a block diagramthat illustrates
various conponents of an exenplarﬁtprinter. Figs. 3 and 4 each show a

perspective view of a “\m“mmmmm in accordance with one exenplary
enbodinent. Fig. 5is g view of a print cartri dge i n accordance

wi t hSone 15 exenpl ary enbodgg@nt. Fig. 6 is a cross- s VI ew of a top
of a print cartridge in accordance with one exenpl ary Fig. 7 |s
a top viewof a print head in accordance with one exenpla y ment .

Fi g. 8a-8f each show a cross-sectional view of a substraf’@zjgp ordance

wi th one exenpl ary enbodi nent.

10 METHODS AND SYSTEMS FOR FORMING SLOTS IN A SUBSTRATE

15
BACKGROUND OF THE INVENTION
Ink jet printers have become ubiqtfitous in society. These printers provide
many desirable characteristics at an affordable price. However, the desire for ever
more features at ever-lower prices continues to press manufacturers to improve
20 efficiencies. Consumers want ever higher print image resolution, realistic colors,
and increased pages or printing per miniite. One way of achieving consumer

demands is by improving the print head and its method of manufacture. Currently,



Fig. 9a-9] each show a cross-sectional view of a substrate in accordance

wi th one exenplary enbodi nent. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS OVERVI EW 5 The enbodi nents descri bed bel ow pertain to nethods
and systens for formng slots in a sem conductor substrate. One enbodi nent
of this process will be described in the context of formng fluid feed
slots in a print head die substrate. comonly used in print head dies,

t he sem conduct or substrate often has mcroel ectronics incorporated wthin,
deposited over, and/or supported by the 10 substrate. The fluid feed slots}

al | ow f |thé grinfheadPRltimé ansdlﬂinlgfa:ﬂtdmﬂ%&@m&keﬂ uid ejecting el ements
contained Iin ejection chanbers within the print head. The fluid ejection

el ements co nly,conprj se heating elenents or.fi,ri.ng, resi stoxs, that heat
[luid caust noNGRHBRER A Present VERioh sy Bbt PLAUETERHTOVIGER 4h of 1 hat
fluid can be ejected through a firing nozzle with the ejected fluid being

repl acedcbiormidal théth&ds forrfotthimgfprivitthebdeand bihler fliibejetting deeieds sl ot can be
made in various ways. In one enbodinent material is renmoved fromthe

substr at chii . nch through a first substrate surface. A
second t@gﬁ{gﬁ%ﬁ'gﬁ%&%&é@#%@ various techni ques, such as sand drilling,
so that the first and second trenches neet to forma slot through the 20
subsfrate. In some enmbodiments, the trenches are forned so that they are
about equal depth to ensure that they neet at about the m ddle of the

substrate's thicknesBREPDESCREPTION ORTHEDRASVINGS narrow and as | ong
as desired. Narrow 4 slots renove | ess materi al- and have benefici al

strength chargacteristics that can reduce,die,fraqgility. This, i turn, can
o oo e e toriPana afe el iaREnRing B ks Yo reiareiice bl rons &
i nclude features that reduce the accunul ation of S bubbles in the slot.

Bubbl es featmrasend conipanentsie flui d ej ecti on process and can occlude fluid
feed if they accunulate in the slot. Various techniques can be utilized to

pronote bUbb'I‘fi‘%ﬁi W@ﬁbﬁﬂe@%ﬁoﬁﬂ%@wB?ahfék&nﬁidr%ﬁﬁérace where they are
nost prone to blocking fluid flow Although exenplary enbodi nents descri bed

her To" are d‘ﬁg.ri Pseg bfors]:ktcﬁggram that illustrates various components of an

exemplary printer.
Figs. 3 and 4 each show a perspective view of a print carriage in accordance
with one exemplary embodiment.
Fig. S5 is a perspective view of a print cartridge in accordance with one
15  exemplary embodiment.
Fig. 6 is a cross-sectional view of a top of a print cartridge in accordance
with one exemplary embodiment.
Fig. 7 is a top view of a print head in accordance with one exemplary
embodiment.
20 Fig. 8a-8f each show a cross-sectional view of a substrate in accordance
with one exemplary embodiment.

Fig. 9a-9j each show a cross-sectional view of a substrate in accordance



10 context of providing dies for use in inkjet printers, it is recognized
and understood that the techni ques described herein can be applicable to

ot her applications where slots are desired to be forned in a substrate. The
vari ous conponents descri bed beIOM/nay not be illustrated accurately as far
as their size is concerned. Rather, included figures are intended as 15
di agrammatic representations to |IIust ate to the reader various inventive
principles that are described herein. EXEMPLARY PRI NTER SYSTEM Fig. 1 shows
one enbodi ment of a printer 100, enbodied in the formof an 20 inkjet
printer iyl but need not be, representative of an

i nkj et pr‘?ﬁ?gﬁégg{nﬁg]%nuf a(l:t?lglrlted by the Hew ett-Packard Conpany under the
trademark "DeskJet". The inkjet printer 100 is capable of printing in

bl ack-and-white and/or in color. The term"printer"” refers to any type of
printer or printing device that ejects fluid or other pignented materials

onto a pri nt DETAILED'DESCRIPTION OF PHERPREFERRED BMBODRMENTSAr y

pur poses, is noted that aspects of the described enbodi ments can be

i npl enent er forms of printing devices that enploy 5 inkjet
printing @g@r&bor other fluid ejecting devices, such as facsimle

machi nes, photocopiers, and the like. Fig. 2 illustrates various conponents
in ond enbodi rietembodinmentedestibed batove pertdin tomethadschridosystgrhefnt t he
i nventive techni ques described herein. Printer 100 can include one or nore

processorgy sld qnars%ﬁﬁgsﬂau&&%u%eﬁa&olém éh;: eﬁ@oPﬂhé‘?&Ece‘B@%ﬂ“ ons,

such as nedil a ‘nan |ng and carri age novenent near 1 oni ng of the

print he over_ a_print nedia transparency etc. ) Prl nt er
100 can ﬁwiesam %d@bﬂﬁ@aﬁ%ﬁ@gf gélotag epdsiotgin @ pring dicad dje sbss

(EEPROM) 104, ROM 106 (non-erasable), and/or a random access rrermry (RAM
108. Al t hRygdmBaionly asedli0prist hdaﬂldﬁésf aieegénm@mdt@t@rkuﬁwa@dﬂ&ﬂh@ and ROM

106, a particular printer may only include one of the menory conponents.

vari ous. aoiskstt R o en, i 84 b oo FTRI BS, 2 i <o

have a firnmware conponent 110 that is inplenented as a permanent nenory
modull® stsubsteaten Thenuiddeed slofakaliaw didiciommenlytnk, toi benswpplied 1o flugd

programmed and tested |ike software, and is distributed with the printer
100. The efjédtmgadl&néﬂﬁ coRtiRed ifBeeiRNElRnb&s within the print head. The fluid

ejection 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
15  from the fluid feed slot.

The fluid feed slot can be made in various ways. In one embodiment
material is removed from the substrate by. dry etching a trench through a first
substrate surface. A second trench can be formed by various techniques, such as
sand drilling, so that the first and second trenches meet to form a slot through the

20  substrate. In some embodiments, the trenches are formed so that they are about
equal depth to ensure that they meet at about the middle of the substrate’s

thickness. Slots made this way can be very narrow and as long as desired. Narrow



“coordinate operations of the hardware within printer 100 and contains
programm ng constructs used to perform such operations. In this enbodi nent,
.processors) 102 process various instructions to control the operation of
the printer 100 and to comunicate with other electronic and 5 conputing
devi ces. The nenory conponents, EEPROM 104, ROM 106, and RAM 108, store
various information and/or data such 4s configuration information, fonts,
tenpl ates, data being printed, and nenu structure information. Although not
shown in this enbodinment, a particular printer can also include a flash
menory device in place of .or ..n addition,to EEPROM 104 and 106. 10
Printer SESW%?]V% ess mafral gad aye nﬁﬁf%sqﬁ gﬁ?fé‘f%?ﬁcﬁ WPRS%A%ce 114, and
a serial/parallel interface 116 as shown in the enbodi nent of Fig. 2. Disk
drive 1tedyvedie demgilitstdiTthisynatust, camgHowmlotdde he Ipesitigned cluseritogether her
informati on mai ntained by the printer 100. Al though printer 100 is
iIIustr%ﬁgge ving both RAM 108 and a disk drive 112, a particular printer
may i ncl "her RAM 108 or disk drive 112, 15 depending on the storage
needs of the printer. For exanple, an inexpensive printer may include a
smal | ampunt Qtherembadimentsinsduds fertures that reduce the-acsyynulationphg t he

manuf acturing cost of the printer. Network interface 114 provides a

conngct ihaBbls invs16t. | Bubbled 08 perdltfrovaithe fRidEjetEo pritesean®Edn i n the
enbodi ment shown. The network interface 114 20 all ows devices coupled to a

comon data ¢ i Lon ne K, t. pgAnt | . menu_data, and ot her
i nfor mwsﬁx#m?ﬁc@ﬁ?tlﬁy@%ﬁlﬁtg lﬁéﬁ%@& {"Igpg?ﬁ %?ﬁ{}‘qq‘gaﬁ‘%ﬁ paral | el
interface 116 provides a data communication path directly between printer
100 and wiilized to proimeote bubble migratiap awayfremthe thin Almrsyvaface pyhere they100 i s
illustrated having a network interface 114 and serial/parallel interface

116, a Rpdé fostPprneRd bldckinguidflbw. | ncl ude one interface conponent. Printer
100 can al so include a user interface and nenu browser 118, and a 5 displ ay

panel 120 as own.,in the enbodiyent . of Fi. ._The user .interface and menu
browser 118 haﬁxﬁg@?argfe Oﬁ%ﬁe&epmé«?ﬁcgg@ﬁ eﬁhﬁegfg’rsgnbﬁ%mp nter's nmenu
structure. User interface 118 can be indicators or a series of buttons,

swi 1@hesontsxt of heavidiageliesafor aise am indgetprinters, Hiereceghized andandgrstoader of
the printer. Display panel 120 is a graphical display that provides

i nf or maty ' : ; T sl ; rent
o 1R SRR TS nt GBI Bl el
slots are desired to be formed in a substrate.
The various components described below may not be illustrated accurately
as far as their size is concerned. Rather, the included figures are intended as

15  diagrammatic representations to illustrate to the reader various inventive principles

that are described herein.

EXEMPLARY PRINTER SYSTEM
Fig. 1 shows one embodiment of a printer 100, embodied in the form of an
20 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 inkjet printer 100 is capable of printing in black-and-white and/or



"Thi s enbodi nent of printer 100 also includes a print engine 124 that

i ncl udes nechani sns arranged to selectively apply fluid (e.qg., liquid ink)
to a print nmedia such as paper, plastic, fabric, and the like in accordance
with print data 15 corresponding to a print job. The print engine 124 can
conprise a print carnage 140. The print carriage can contain one or nore
print cartridges 142 that conprise a Brint head 144 and a print cartridge
body 146. Additionally, the print engine can conprise one or nore fluid
sources 148 for providing fluid to the print cartridges and ultimately to a

print 2 ' I 8¢, 0 I; 1bs : S
Fi gs. 3q§ﬁ%f S oe\?vtcié]ge dzgér}; ‘grﬁ?ﬁﬁ’ %ngggnﬁ% %1%%%@pri nt
carriage 140. The print carriages depicted are configqured to, hold four

print caajests fyed onpthen pigmentey materials pato & print megia. i Thayghwan inlgaty ot her
exenpl ary configurations are possible. Fig. 3 shows the print cartridge

142a conir b REhb i%r%ﬁeﬁhﬁlcagg?iﬂgﬁc{seé Gt & ddted ﬂma%%ﬁé&?s &f%@de}‘%&ii%ﬁs Fig. 4

shows print cartridge 142b ed to down conrect to a. f ource

148b. O her exenpl ary confij guratj.ons, ar ossi bl e incl ydi but .not limted
the prifim lmmmgb@ﬂt%iweh%m th]éqrff%ggﬁp PRabng dsviees tiatieppley g 5
shows an exenplary print cartridge 142. The print cartridge is 10 conpri sed
of tise pnkjet pﬁﬁﬁdg tlemets ot bthet fluid eidoting deyicds}Guckhab ficshiilepiathines,
configurations will be recognized by those of skill in the art. Fig. 6
shows a - t] I resentation of a portion of the exenplary print
cartrid 9@%’@%&9@%@84@]&2 ne a-a in Fig. 5 |t shows the cartridge body
146 containing fluid 602 for supply to the print head 144. In this

enbodi nent, tHig. 2 5llystrates variqusic@mpongnisdn fong gmhodimentphpyntend0@Q thasr of
fluid or ink to the print head. In this enbodi ment, a nunber of different

fluid fere e Wtilizedrto i héigtthe Mvehtive tehnejiREesdéribed Idréind Priges hown at
604a, 604b, and 604c. her exenpl ary enbodi nents can divide the fluid

Separ ot 207 finEER et WafSeasbi 92,1 ol 107 capRif i B8 oS 5

more slots than the three shown here. The various fluid feed slots pass
t hr dlgh printer eparationss suchbas media lsodling andicsrmiggeonpvement forllincan can be a
sui tabl e substrate, for this enbodinment. In sone

positioning of the print head over a print media (e.g., paper, transparency, etc.).

Printer 100 can have an electrically erasable programmable read-only
memory (EEPROM) 104, ROM 106 (non-erasable), and/or a random access
memory (RAM) 108. Although printer 100 is illustrated having an EEPROM 104

15 and ROM 106, a particular printer may only include one of the memory
components. Additionally, although not shown, a system bus typically connects
the various components within the pﬁnﬁr{g device 100,

The printer 100 can also have a firmware component 110 that is

implemented as a permanent memory module stored on ROM 106, in one
20 embodiment. The firmware 110 is programmed and tested like software, and is

distributed with the printer 100. The firmware 110 can be implemented to



“enbodi nents, substrate 606 conprises a crystalline substrate such as single
crystalline silicon or polycrystalline silicon. Exanples of other suitable
substrates include, anong others, galliumarsenide, glass, silica, ceramcs
or a sem conducting material. The substrate can conprise various
configurations as will be 5 recognized by one of skill in the art. In this
exenpl ary enbodi nent, the substrate conprises a base |ayer, shown here as
silicon substrate 608. The silicon substrate has a first surface 610 and a
second surface 612. Positioned above the silicon substrate are the

i ndepen : | ' i hi s enbodi nent
conpr i S6OpdaiESpLiaRlon S0t g hdfuaht RRUAEPERRY 200 dodSontdind " ° he 10
resistors are part of a stack of thin filmlayers on top of the silicon
subst r aPEOFAMMINE CONSHryCts used foperfarm such BPQTH%‘Pn%orrpri se a barrier |ayer
616. The barrier layer can conprise, anong other things, a photo-resist

pol yner substy g emboditheith) BrduRbsorty) 102yRdcdss varions ifstractiohdtcecdntolt hat can
conprise, but is not limted to a nickel substrate. The orifice plate has a

plurali of nozzl 619 .th h ich fluid 15.heated by t.he warious

r esi sto&lge eRgration g @tetpefb“tF’B?&E%PﬂWﬁ%mB?P%\“g? e %&fﬁ ef% ‘Cfﬂgwn). The
various | ayers can be fornmed, deposited, or attached upon the preceding

| ayefs. computingideyigesit Tha mgmery ¢cemponents, RERROM 464, &BM d66farglir ati on. For
exanple, in an alternative enbodinent, the orifice plate and barrier |ayer

are i nt goARl 108 Gtotb vafisesifofiation Bhd/ef dhtal siek a8 benfigiratibhgs. 5 and 6 is
upsi de down fromthe comon orientation during usage. \Wen positioned for

use, fluigd.can fl from,t tridge . Yy i qQr, e of the
oor s cihfrRilion. Bhisy RuRRS, SRR SRR i tehd i Rt HEoHRTR & (L o
feed passageway 620 that leads to a firing chanber 62Z. A firing chanber
can be Athoughaet shown fin this gmbesiment; a partieian printemeansalge insludos une of
space therein. O her configurations are al so possible. Wen an el ectrical

current ﬂﬁhﬂﬁﬁ&?dem&tiag?m&@of@ﬁmﬁ&mt@EﬁPwaﬂo&iﬁq rOdMhRes, the fluid

S can be heated fo its boiling point so that it expands to eject a portion
of e flud fromthe nozzle 619. The gjectead fluid, can fhen he replaced by
addwi onal f Panterii08 fanalsq }%?‘&??%gﬁﬁﬁﬁt‘?a’égméyeé%k "?’r‘gfaéﬁgégi e of Fi 9.
7 shows a view fromabove the thin-filmsurface of a substrate incorporated
into a pgerialfparaliel inf€facs db6 as shewndn ¢t embaddiment bé Feg.iZ, i Dskidtive Hi2e 618
with underlying structures of the print head indicated in dashed lines in

this enBoslifey dadid8itl Ydrhyé fodath Being pHIRN ofbnlr IHBRhYSh ARRhRRA01S

Bel ow

by the printer 100. Although printer 100 is illustrated having both RAM 108 and a
disk drive 112, a particular printer may include either RAM 108 or disk drive 112,
15 depending on the storage needs of the printer. For example, an inexpensive printer
may include a small amount of RAM 108 and no disk drive 112, thereby reducing
the manufacturing cost of the printer.
Network interface 114 provides a connection between printer 100 and a data
communication network in the embodiment shown. The network interface 114
20 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



each nozzle lies the firing chanber 622 that is connected to a fluid feed
passageway (feed channel) 620 and then to slot 604a-c. The slots are
illustrated in this enbodinent as an elliptical configuration when viewed
from above the first 1 S surface of the substrate. O her exenplary
geonetries include rectangul ar anong ot hers. Exenplary Slot Form ng

Techni gues Figs. 8a-8f and 9a-9j shov t wo exenpl ary enbodi nent s,
respectively, in which portions of the substrate are renoved to formslots
t hrough the substrate. 20 The illustrated substrate 606 has a thickness t.
The desgcr]j ' ' j | | ' :hi cknesses
of subsPiPETORRRe BhoTet SlechtnitroabBUiESHRLS Xiuhbich bl 1RO 1T

t hi ckness can range from|ess than_about 100 11 mcrons to at |east about
2000 ni idlusimated hawingrd netwensk inferfape 154,p8d seriel/paralicl duieefasg ddp) ar y

enbodi nents can be about 675 m crons. The slots can conprise a first trench

802 th%%aég?fgﬁﬁﬁ&mafﬁgﬁl ik ofib HtePhact Bompuhsitr ate, and a second trench

804 (s 8c) that originates fromthe second side of the
substrate. For easg of pr.eci gting these trenches, the figures . are shown
in correspor;:(’(;"rl rgﬁ@F%’?a Brm‘glk‘aﬁﬁl eT interiageandmeny browsss g: andposs :
section taken along line b-b indicated in Figs. 5 and 7, and shows a |length
1 ~ Sanddigginy panelof20t escsHowrsin the entbodimegt oBBig. 8. dhearser imerfhceaand o0ss
section taken along line a ain Fig. 5. Fig. 8b shows the width w, and the
sanme d Dﬁp% i (oM tﬂé:ﬁ’ fii rs o Ehgs. . 8c and 8d
and Fi S@E%ér an \nglgﬁzlil\gggsﬁﬁlﬁlrgrf r g{iﬁr)r%gg?%ggwg?{gé&hgg%gﬁ%vgﬁlgﬁﬁexerapl ary
enmbodi nent whe the fjrs rench, 802 has been. forged in the substrate from
a fi rsts@c&geoﬁ%mﬁtﬁféjéc%ibé c‘ﬁéﬁ%}“‘i‘?ﬂ&oﬁ qrsacseggﬁpgggtte% SYBIISE.SE the thin
filmside of the substrate. The trench can be formed by a dry etch process.

The dr yothtcselgntalsie eonirslsethatdreenampulatedobya aser dftthe priaterc Mipplage 15
depositing a passivation |ayer followed by etching. This alternating

sequen | : ; additd e. The dry
ot o coerEl 120 4 EROMGH ARpIAP el Fovifed BITAGSIIHIANE (R MIRUEBE™ L rong
others. The trench shown in Fig: 8a ext epds t hrough approxi mately 50
perl@enttheprintes 100mnd, the sugrent ppfiensavailgbledo aqisgr thigughthe menupt h™ of about
335 microns in this 20 particular exanple. In other enbodi nents, the trench
can be @nindepth fromless than about 40 mcrons to passing through the
entire thickness t. More commonly, the depth x of the trench can be from

about 25 Perf1as tem%i)dﬁnqgntt&l Igrli(n e tod Iﬂsg rfl?cludf:s a print engine 124 that

includes mechanisms arranged to selectively apply fluid (e.g., liquid ink) to a print
media such as paper, plastic, fabric, and the like in accordance with print data
15  corresponding to a print job.
The print engine 124 can comprise a print carriage 140. The print carriage
can contain one or more print cartridges 1'42 that comprise a print head 144 and a
print 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

20 media via the print heads.

EXEMPLARY EMBODIMENTS AND METHODS



12 substrate to about 75 percent of the thickness of the substrate. Fig. 8c
shows a partially conpleted second trench 804 that is fornmed fromthe
substrate's second side or surface G 12. Fig. 8d shows a transverse cross
section of the partially conpleted trench 804. In various enbodi nents, the
second trench 5 can be forned by rengving or ablating material through the
second surface into the thickness of 'the substrate. In this exanple, sand
drilling is being used to formthe second trench. Sand drilling is a
mechani cal cutting process where target material is renoved by particles
such as al U'Pigé!".%‘éﬁﬂ@'@h@@'dx\éﬁ{éﬁﬁfﬁrﬁw&nﬁﬁg@s Prazasiigel 42b) iﬁh?wn%.ystem Sand
bfasting, a

drilling is afso known as san rasive 10 sand nacChini ng, and
sand abrasi o The sand i s _renoyin ubstrate eri until breakthrough
occurs %‘5‘3%2%0[' m? PHat c3mages, %ﬁigteaﬁée g%‘?@%&@&%ﬁeﬁ foun@riten additi onal
substrate material can be renpved as desired. In addition to sand drilling,

ot her eaetridiges 3ltleodghdoniyrine print carridge isoshosirl. aManydtker exemplatyer i al to form
the second trench using one or nore of the 15 foll ow ng: |aser nachining,

dry etchi i a SR ha! WHPE - i chi ni ng
can i ncc‘{%gguﬁ\g{ghagé&g?ﬁ\%ﬁ Igk'rgsaaws aﬁg péﬁa FF‘Z”HP ggtl 4%?9@@%%%@?%% to
renmove substrate matﬁri . Fi 8‘3 gﬁgi}%‘:shgw an enpodi nent where the first
t r eAch 3803 spmRepkiord fluid squrendddy ¥gy 4shows pring GartRdged#ab has been
removed to forma second trench 20 804 generally at 822 to forma sl ot

604d. Toonfigarddadidosvr corrmoes ta dluid sourbe d48ke.c thlertexentplalB04 having a | ength
12 and a width w2 and a depth y. The trench intercepts or otherw se joins

wWith a 1 . o . CO. i i . . -1 WO
trencheog r mo&&g% %ﬁoggﬁlgt’?ﬂgt&ﬁg@ é-rllr; ght {rggutgﬁbmgc%%%%g%‘éﬂgf&t he
substrate ar]gr thrt%;%? vyaich E{fluid such as ink can flow. So for at |east a
port i orP¥ selfrgonty fha1d SUpRY- dept hs (x and y) of the two trenches equal
the thickness t. In the exenplary enbodi mrent shown in Figs. 8e-8f, the

first trenclFig0¥shdes bn eremphiry print cartridge U42 WThe prinbsdrtadge Beneral |y
orthogonal to the first surtface 610. The second trench 804 has generally

conecave Side lls. G her di nts_can _haue ,iariQus ot her, si de wal |
coPr o et O AR et fiead TP SAd T cBufidte HRHF 148, Oy SXIBIARY AT ront .t he
second trench

configurations will be recognized by those of skill in the art.

Fig. 6 shows a cross-sectional representation of a portion of the exemplary
print cartridge 142 taken along line a-a in Fig. 5. It shows the cartridge body 146
containing fluid 602 for supply to the print head 144. In this embodiment, the
15  print cartridge is configured to supply one color of fluid or ink to the print head. In
this embodiment, a number of different fluid feed slots are provided, with three
exemplary slots being shown at 604a, GO{b, and 604c. Other exemplary
embodiments can divide the fluid supply so that each of the three fluid feed slots
604a — 604c receives a separate fluid supply. Other exemplary print heads can
20 utilize less or more slots than the three shown here.
The various fluid feed slots pass through portions of a substrate 606 in this

embodiment. Silicon can be a suitable substrate, for this embodiment. In some



intercepts the entire length 11 of the first trench. O her exenplary
enbodi nents 10 can have less than the entirety of the length of the first
.trench intercepted by the second trench. Additionally, the second trench
can be longer than the first trench so that it enconpasses a portion of the
first trench for its entire length within the second trench. In the
exenpl ary enbodi ment shown in Fig. 8 the depth x of the first 15 trench
and depth y of the second trench 804 are approxi mately equal. O her
exenpl ary enbodi ments can have each trench being shall ower or deeper than

this enmbodi mrent. Altho he descri bed odiqrents il ust.ratfe only
Fermovi rRAEIRnL, SPOTALL AO6 TRt B OFY YRR ST stat & Rl e
satisfactory enbodi nents can add 20 naterial to the substrate. For exanple,
a mat erérgstalime sikicatemopolyedystallipasilicof. Exemplastofiatheretuiitablesathstates. The
di mensi ons of the trenches can be nodified to make a through sl ot of 14
any desj I § dt : . the slot can be
made sn%‘f;ﬁlqgh%ﬂgﬁg e ﬂ%?éﬁanrﬁé@e%%ﬁlﬁe:&s&g %%{%lhga}, Jg?ﬁpﬂcﬁ%%&re %ess of formng a
portion of the slot fromeach side can provide nany_desi,rabl e advant ages.
One adwandugting Braterials khe substrafe s8R sOBHAISSVarigus sppfiguratipas as Wil beexanpl e,
a greatly reduced slot width can be fornmed using the techni ques descri bes
aboe, rsogfisgdibydneiofBkill iif theiadh. Ha thisedxeatplary@nimsllisieht, the yubstase a si ngl e
side. For exanple, in one enbodi nent, on a standard 675 m cron thick
substr (e o W3 leid - of the
Z%ogn%r?se% aeﬁa%gﬁé)ﬁegg%}}ogi?rgh?tﬁoa% stYIhe ChBera IR QHE o Sibdtakd

t hi ckn h ront side. e remal nder of the

t hi ckness of the subsirate can be renoy romth acksi de by sand

drilli nRps 3 Séﬂé:ff%"'r?o%)cé ﬂ%‘ﬁ?,se‘fq{’él %\’E&Fﬁﬁﬁ\gw QFW%‘FSPB@V%?}&SIB%“ be | ocat ed
on the backside surface. This can be seen in the exenplary enbodi nrent shown

i n Fi g.subbtratelaee ¢he indepentdntiyontroilbsle fhadddop gemsritobOthat mthie about 240
m crons and the width wi of the first trench 802 can about 80 15 m crons.

Thi s pro d PALs) i i oo] 0 percent of
the w dﬁ%ﬁ%ﬁﬁ}eﬁggﬁlﬁgﬁg Q;ﬁrgf tgg%dgﬁ§i£'t HZ%%@%&\?@%&M at\’/e arger or
smal l er rel ationships. The di nensions described in_relation to the

end&di rrssistoss arei part of a stackaf daindiimy layers: on topi of the slisonsubstratei®Bess di vi ded
by slot width) of about 3. Qther enbodi ments can have other aspect ratios
rangi noTid @i filAUAyers c@n FuRBérBfomprise a barrier layer 616. The barrier layer can

comprise, among other things, a photo-resist polymer substrate. Above the barrier
layer is an orifice plate 618 that can comprise, but is not limited to a nickel
substrate. The orifice plate has a plurality of nozzles 619 through which fluid

15 heated by the various resistors can be ejected for printing on a print media (not
shown). The various layers can be formed, deposited, or attached upon the
preceding layers. The configuration given here is but one possible configuration.
For example, in an altemative embodiment, the orifice plate and barrier layer are
integral.

20 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



20 than or equal about 20. O her exenplary enbodi nents can have a trench

wi dth of |ess than about 350 m crons. Viewed another way, in sone

-enbodi nents, the maxi num wi dt h of 15 the slot 04 is less than or equal
to 50 percent of the thickness of the substrate. Conversely, form ng a slot
using sand drilling alone can forma slot having about a 180 mcron thin
filmw dth and a backside wi dth of abbut 650 microns. Thus, the maxi num
slot width is approximately equal to the substrate thickness, 5 for an
aspect ratio of about 1. A slot manufactured in this manner renoves a | arge
amount Qqf , sybstr.ate nat eri,al ki he, renai nin strate nore.fragile.
Furt hergoﬁhé‘ﬁé‘ﬂaﬁaﬂﬁ E{Vﬁi hHQBEE PJEH? &%%W%&fmyg@ﬁm&iﬁfé’ it9 36&9’5 ar ge

di stance between adjacent slots on a nulti-slot substrate or die. Sone of

t he pr eclembesr@33diAriring chaynlbayrcan bg comypripedfof aditing vesistor; acfozzlegand sl ot
fromthe front side, not only allow a narrower slot width than sand

drillinggRleRRRlullEof $paceihefeih O Uthér cunPiguedtiond Ge B%b}%’fssi%‘l@' “gﬁén ahor

exanple, “a slot that 1s sand drilled entirely fromt backsi de creates
stresses on the underside th hin.filmlayer before "breakthr.ugh”
occurs. eslB‘FtE‘ﬁﬂ s PgssFﬂgf"i%‘ﬁE ﬁ#‘e faistos e %‘X’ﬂ‘ E‘qgw?mg&’&fﬂ]‘ﬁggi ven
portion of the substrate has been renmoved. \Wen 15 breakthrough occurs at

t he & hi canfbd heat¢ditn it$ hoijingspoinsso that it expamds toegéata pdrdonwithe Aum ari d
additionally can cause |arge chips to be broken fromthe sides of the slot.
Thi s chippi i t ' j f 8. : .ghing is
conduct SR8 AOPRE IR, ¥ bl (A cph Ihe¥ e il by BB FAE
substrate, breakthrough from:t backsi de occurs generally in the 20 m ddl e
of the é‘eﬂstBFgf%é&lﬁF@r&séPS%%ng's both mininmized and | ess critical than on
the thin filmside/surface. Further, the substrate is |ess susceptible to

stress i nducEhk embedagentwifdrigt hehdwsakidw droghabovaithe thinfiird sulfaceefit er of
t he 1G substrate's thickness. Figs. 9a-9] show anot her exenplary

1o o1boyesAl FoférpieRftef rif A RCTAFTBS cHRGRA e bk "s00c 1

formed to intercept the front side trench to define the 5 s|lot 604d.

St ak{tar plater§1 &ewith undetlying steuctunes o€ the printheddasdisated inalasheblimészad by

this embodiment. The orifice plate is shown with numerous nozzles 619. Below
each nozzle lies the firing chamber 622 that is connected to a fluid feed
passageway (feed channel) 620 and then to slot 604a-c. The slots are illustrated in
this embodiment as an elliptical configuration when viewed from above the first
15  surface of the substrate. Other exemplary geometries include rectangular among

others.

Exemplary Slot Forming Techniques

Figs. 8a-8f and 9a-9j show two exemplary embodiments, respectively, in

which portions of the substrate are removed to form slots through the substrate.

20 The illustrated substrate 606 has a thickness t. 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



one of skill in the art. Sone exenpl ary enbodi nents deposit a maski ng agent
on the substrate and then etch and repeat the process as desired to forma
.trench. For exanple, a nasking agent such as ep24620 can be used, foll owed
by a dry etchant such as 10 CF4. The enbodi nents of Figs. 9a and 9b show
part of a first trench 802a formed fromthe thin filmside 610 of the
substrate 606. A subsequent dry etchlprocess forns the first part of the
trench having length 1, and depth x, . In the enbodinents of Fig. 9c, a
subsequent dry etch process fornms the second part of the trench 15 having
the length 12 which is | han 1 ~_and, i ncrea the trepnch depth to x2.
O her RGOS AL EastboHE 2000 Migrons » TBe dhickfess ke st el medie cni ng
step covers about the same or greater width and | ength as the previous one.
The enbeximplatysembodiments Bambe abeuth7 simeronhie results of a third dry etch
process that creates the deepest portions of the trench. In Figs. 9e-9f,

t he deepest L NS : A L depth
x3. As with eeg)l(sagszz‘l(:)nd e@%ﬂ%@?ﬁ%ﬁ%ﬁ@h?{(}ghﬁresﬁﬁé@?ﬁﬁ%ﬁﬁr&ﬁ%ﬁé ggrti on
having a lepgth 13 that is shorter an e one, preceding _(12), These

mul ti pl tedubsteateand %W%déﬁ?@i’ageo“ség?wn 1g.$C) thatiziginates frogn thene wal | s of
the trench 802a that can be advantageous and will be discussed in nore

det & | sezbadisidehef thebobstratat Fooéasei afapplapidingstheve wescheshefiguresal | y f or med
trench 804a fromthe backside 6 Z 2 of the substrate 606. In this exenplary

enbodi t t: : f : ﬁg&h Llling, though
ot her e ggf)ﬁrnpnl ?oﬁ%ﬁﬁ%xﬁé?@ﬁgi gg?exn%i"aﬁ%ﬂgﬂ%épé@%o |rr§ir‘1%sc}% Figs. 9i-9
show t he conpl eted segon rench 804a., It c be seen by comparing the

| engt h Sestignitak ongﬁgﬁ%-{w 1Rale ﬂrhglﬂa%@ag'eaméhewse apgthiny aRdepts Less
than the entirety of the length of the front side trench. Such 10 need not,

however depih xtdfithe figst. trebivh. Vitig) 8b ixfa poditionafarstosy sseeibn itakdnhileng fihed: ment are
somewhat curved as can be achieved by sand drilling and ot her nethods.

hown + AT FIE SoraBarnenre e EREMSS, iR thedatle deft e bydh fn MR {001 105

configuration was achi eved by 15 making a shallow drv etch having a
r el HY i vihieyfirstirench 807t Rigsn8c andiBd and &agp Serenyl 8fthave simaidatxglatiomshipsent dry

etches of progressively smaller footprints. O her
Fig. 8a shows an exemplary embodiment where the first trench 802 has

been formed in the substrate from a first side or surface 610. Here, the first surface
can comprise the thin film side of the substrate. The trench can be formed by a dry
etch process. The dry etch process is an alternating process that can comprise
15 depositing a passivation layer followed by etching. This alternating sequence can
be repeated as desired to remove additional substrate. The dry etch can use SFg in
the etch step and C,F;z in the depositing step, among others.
The trench shown in Fig: 8a extends through approximately 50 percent of
the substrate as indicated by x, and thus has a depth of about 335 microns in this
20  particular example. In other embodiments, the trench can be any depth from less
than about 40 microns to passing through the entire thickness t. More commonly,

the depth x of the trench can be from about 25 percent of the thickness of the



enbodi ments can achieve simlar results through other techniques. For
exanple, a first dry etch froma first side having a relatively smal
footprint can be conpleted to a desired final depth. This etch can then be
i ncorporated into subsequent etches 20 fromthe front side that have | arger
footprints but are shallower in depth. The skilled artisan will recognize
ot her satisfactory enbodi nents. The Hair step configuration can reduce the
anount of silicon renmoved from 18 the substrate thus increasing die
strength and decreasi ng manufacturing cost and time. Additionally, this

confi gLE“g%%?éﬁ%E"%??éle}scgﬁt BAfESH Egmﬁf%gb%ﬁ%f | ess I ength than the

front si ubstantially avoi |l e build up in the slot.
5 In sonme enbodi nents, gas. hubbles can be generated in the fluid ejection
process. Th@su%w@v%a@aaeeﬁﬂmrap@tq&qcﬁe&mmm%&%é@tg$ migd BeBsageway's
| eading to the firing chanbers and occlude fluid fromreaching sone or al

of the thesubstane's sedorsl sidoorsgripee 61 2r Figi8dghows Bubdisesrscenosstsectes umul at e
on extended horizontal surface instead of mgrating up toward t he backsi de

surface ' Il . [ e ' [ on can
reduce qtﬁgggé@{?ﬂyé%?%ﬁ gﬁe b T%eé(g‘(i ?&%ﬁﬂg}?%ﬁ? h%xg utt?’ﬁ;!"%g&égyeg re

bubbl es tend to accunul ate. Specifically, recall that, as shown in the
enbddi reantks formed by repwving or ablating smaterial theoughithe s¢opmidysunfasedrtodown fr om
the configuration in which it is comonly used. The stair step

confi guhathiekn&sEVFthe Subshase BIILIRNBIE, sad dHRliRg isrwq,e?gg%sbd S foriipr i zont al

surfaces where .bubbles tend to accunulate. SpecifTca ., by having nmultiple

narrow shel ves,, bubbl es t . tend to,formand accunul ate are all owed,

G | no TR SCOTh Eeeo g g de s meeyanicq) Sing BEERsS Phees IR backe de
trench away fromthe thin filmside, or otherw se dissipate. The stair step
conf i gunateriahiscamolved by partields suclbat dlunrtipumiakide deliveréd flommgthiglof t he sl ot
as 20 shown in previous enbodi nent, or alternatively the stair step

common SRS off 2o et SR g 4 156 Kby 8 P PebrinekoBSRAT G e

first trench while the lengths 11, 19 12, and 13 are nade progressively
shd®t ersand nmashiring sandisanidrabtasion. Jbesandisogmevingsubstrate materiad untihmde i n
t he substrate through dry

breakthrough occurs between the first trench and the second trench, and then

additional substrate material can be removed as desired.
In addition to sand drilling, other exemplary embodiments can remove or
ablate substrate material to form the second trench using one or more of the
15 following: laser machining, dry etching, wet etching, and mechanical machining.
Mechanical machining can include the use of various saws and drills that are
commonly used to remove substrate material.
Figs. 8e-8f show an embodiment where the first trench 802 has been.dry
etched generally at 820, and material has been removed to form a second trench
20 804 generally at 822 to form a slot 604d. This embodiment shows the finished
second trench 804 having a length 1, and a width w, and a depth y. The trench

intercepts or otherwise joins with a portion of the first trench. The combination of



etching can have cleaner side edges with | ess chipping or variation than
other slotting techniques. For exanple, slots nade by dry etching can have
.sidewalls 5 variations of |ess than about 5-10 m crons, whereas existing
sand drilling technol ogy can create chips in excess of about 45-50 m crons.
This feature of this enbodinent, in addition to the increased substrate
strength and hi gher aspect ratio, cad®further allow slots to be placed

cl oser together on the substrate than existing technol ogies. 10 The
illustrated enbodi nents describe the first trench being constructed using

dry etchi f.ol | owed b [ I fpLM ng the second
trench. H]e&af&tﬁe&cgg&gwfsaélgfoéﬁgg%%%% tst%’nﬁgﬁl)ér% gg{l %?f]w%g? eﬁﬁlﬁgs) can be
performed after the other acts) of rempval of the substrate. QO her

exenpl asubstratecatidrthroughawbichea Auithsushasriak cam flownedo fonatdeasps portiorCONCLUSI ON
The descri bed enbodi nents can provide nmethods and systens for formng slots

in a sepf heRAYGEAE, the RpHAL(R -aniNY oFlthé w6 aenbites fuiPthetiicdth¥sset ching from a
first surface and renoving materi'al through the use of various techniques

fromthe 20 pther surface. .Thg sl ot;s can he ipe sive .and .Gk to form
They can be & CX&MP eﬁbﬁgeflgﬂfoﬂﬁh?@vg"'ﬁﬁgﬁ%ﬁé&&’é’&%‘w&t 8s t han
exi sting technol ogies. The resultant substrate can have beneficial strength
charfact genesallyplanamside avallsebiaicare gienerallymrthoggnal toythe figstsutface 610t s t o be
positioned cl oser together on the die. Al though the invention has been
descr i befe s&ton@RERHBINRE! denrdlly nkhéd siddwHRa Rediio sl ogi cal

st eps, itelbs tori%ltxall un erstoéod E[h t.the inventi ont%tgﬁs%ed fhn t eggdppended

clainms js not, necessaril imted to the specific features or steps 5
describ .eméro?hqrﬁéé%ééhi%“%‘mﬁes and steps are disclosed as

preferred fornms of inplenmenting the clained invention. 21 What is clainmed
is: 1. A netAsdhownfinPigs 8et8fgirmthid atenfjfiar) embodinpent,the Becshdwbsthr ate -
(606), conprising: dry etching (820) through a first surface (610) of the

subst 1 af ¢ LEGRE I '@tirBJength 1; of the first trench. Other exemplary embodiments

10  can have less than the entirety of the length of the first trench intercepted by the
second trench. Additionally, the second trench can be longer than the first trench
so that it encompasses a portion of the first trench for its entire length within the
second trench.

In the exemplary embodiment shown in Fig. 8f, the depth x of the first

15  trench and depth y of the second trench 804 are approximately equal. Other
exemplary embodiments can have each trench being shallower or deeper than this
embodiment.

Although the described embodiments illustrate only removing material from
the substrate, intermediate steps in some satisfactory embodiments can add
20  material to the substrate. For example, a material can be deposited as part of the
slot formation sequence.

The dimensions of the trenches can be modified to make a through slot of



a thickness between the first and a second opposi ng surfaces; and, 5 sand
drilling (822) through the second surface (612) of the substrate (606)
effective to form in conbination with said etching, a slot (604) at |east
a portion of which passes entirely through the thickness of the substrate
(606). 2. The nmethod of claim1, wheggein said dry etching (820) renpves
fromabout 10 25 percent to about 75 percent of the thickness of the
substrate (606). 3. The nmethod of claim1l, wherein said act of dry etching
(820) is perfornmed before said act of sand drilling (822). 15 4. Afluid

ej ect i ngnyddesired 1édgtR Jantitoti wigitla Bobstample, heQength@fmesisloncacbonthdece wit h
the method of claiml. 5. A nethod of formng fluid handling slots (604) in

a sem conduct or_,subst.r i a thickness between opposing first
and seC%WgP%’Ejﬂ%@’ﬁ&&ﬁ{)&?@l@gg?ho%&d%' etching (820) into the substrate
(604) fromthe first surface (610) to forma first trench (802) having a

| engt h and dl'hé praeessaofiforming eipogtiqisetheslasfromteaclt gidlg)camgirevidal t hr ough
t he second surface (812) to 22 forma second trench (804), wherein at

| east i bdcSt SClaaBe | fadym a sl ot
(604) ?H%gﬁﬁt bgé ‘é‘%‘f)hg"tt{‘%‘fi ?g%gg%%%v\%r el nq{iﬁgﬁglé%stié?%%a °r?§g an aspect

rati o of,greater th or _equal to out ., 5 6. The thod, of claimb5,
wherei nvidth-qFpepgampls E‘fgi%q}])&fﬁqﬂf:?cgggyﬁ'ﬁ‘gthcﬂm%&rfBHBFgglém tei11ing, |aser
machi ni ng, dry etching, wet etching, and nmechanical drilling. . 7. The
met hod teéhrﬁtzlaéméimribbeabdwe,iaheomamddwtthelm iwidi34hatf are forméd entivetly 10
renovi ng (822) has a maxi mum wi dth of about 50 percent or |ess the

t hi ckne, of .. strate (606). 8. The nethod of claimb5, wherein the
first tﬁifﬁwl@g@z‘?&% med by said dry etching (820) has a depth of about 25

percent to about 75 percent of the thickness 15 of the substrate (606). 9.
The met hod dforaixample, ininsrasnbodiment @nonstandasd 675 8Ea9n thickeubstsate ai d
renoving (822) has a maxi mumw dth of |ess than or equal to about 300

per centy HRE HERKh BRHWIdH Btched thRulh abbut S1RIRAIS 08 & thickneBsloPthesai d dry
etching (820). 20 10. A fluid ejecCting device (142) having a substrate

AL . Pubiteate AR Ahe SORF s Tl TomRIar &S iRt desubsiaeie cany: . Aso
?[1=r-/ AGazupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c
a] ca] cjecrehmnjedtom]thebaekside by sand drilling. In one embodiment, the maximum
width of the slot can be located on the backside surface. This can be seen in the
exemplary embodiment shown in Fig. 8f, where the width w; of the second trench
804 can be about 240 microns and the width w; of the first trench 802 can about 80
15 microns. This provides a backside trench having a width that is about 300 percent
of the width of the front side trench, other embodiments can have larger or smaller
relationships. The dimensions described ?n relation to the embodiment of Fig. 8f,
provide an aspect ratio (substrate thickness divided by slot width) of about 3.
Other embodiments can have other aspect ratios ranging from about 1 to greater
20  than or equal about 20.

Other exemplary embodiments can have a trench width of less than about

350 microns. Viewed another way, in some embodiments, the maximum width of
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film layer before “breakthrough” occurs. Breakthrough is the moment when the

entire thickness of a given portion of the substrate has been removed. When
15  breakthrough occurs at the thin film side, large stress forces can weaken the
substrate and additionally caa cause large chips to be broken from the sides of the
slot. This chipping hinders the print quali_ty of the die.
When dry etching is conducted from the first side through a significant
portion of the substrate, breakthrough from the backside occurs generally in the
20 middle of the substrate where chipping is both minimized and less critical than on
the thin film side/surface. Further, the substrate is less susceptible to stress

induced breakage when the breakthrough occurs toward the center of the
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processes are used from the thin film side 610 to form the first trench 802a before
the backside trench 804a is formed to intercept the front side trench to define the
5 slot 604d. Standard dry etch techniques can be utilized as will be recogﬂized by
one of skill in the art.

Some exemplary embodiments deposit a masking agent on the sﬁbstratt;, and
then etch and repeat the process as desired to form a trench. For example, a
masking agent such as ep24620 can be used, followed by a dry etchant such as

10 CF,.

The embodiments of Figs. 9a and 9b show part of a first trench 802a formed
from the thin film side 610 of the substrate 606. A subsequent dry etch process
forms the first part of the trench having length 1, and depth x,. In the embodiments
of Fig. 9c, a subsequent dry etch process forms the second part of the trench

15 having the length I, which is less than I; and increases the trench dgpth to X,
Other embodiments can include multipie etching steps where each etching step
covers about the same or greater width anfl length as the previous one.

The embodiments shown in Figs. 9e-9f show the results of a third dry etch
process that creates the deepest portions of the trench. In Figs. 9e-9f, the deepest

20  portions of the trench are considered to define the depth x;. As with the second

etch, this dry etch resulted in a trench portion having a length 1, that is shorter than

the one preceding (1;). These multiple dry etches can create a “stair step” pattern
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The embodiments of Figs. 9g-9h show a second partially formed trench
804a from the backside 612 of the St'lbstrate 606. In this exemplary embodiment,
the second trench 804a was formed by sand drilling, though other embodiments
can utilize other methods. _

The embodiments of Figs. 9i-9] show the completed second trench 804a. It
can be seen by comparing the length 14 with the length 1; that the backside trench
804a intercepts less than the entirety of the length of the front side trench. Such
need not, however, be the case. The walls of the second trench in this embodiment
are somewhat curved as can be achieved by sand drilling and other methods.
Other embodiments can have trenches having different wall shapes from those
shown in this embodiment.

As shown in this embodiment, the stair step configuration was achieved by
making a shallow drv etch having a relatively large length and width (footprint),
followed .by subsequent dry etches of érogressively smaller footprints. Other
embodiments can achieve similar results @hrough other techniques. For example, a
first dry etch from a first side having a relatively small footprint can be completed
to a desired final depth. This etch can then be incorporated into subsequent etches
from the front side that have larger footprints but are shallower in depth. The
skilled artisan will recognize other satisfactory embodiments.

The stair step configuration can reduce the amount of silicon removed from
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slot.
5 In some embodiments, gas bubbles can be generated in the fluid ejection
_process. The bubbles can accumulate in the fluid feed slot or passageways leading
to the firing chambers anci occlude fluid from reaching some or all of the resistors,
thus causing printer failure. Bubbles tend to accumulate on extended horizontal
surface instead of migrating up toward the backside surface and into the cartridge
10  body. The stair step configuration can reduce the occurrence of bubble
accumulation by reducing areas where bubbles tend to accumulate.
Specifically, recall that, as shown in the embodiments of Figs. 9a-9j, the
substrate is effectively upside down from the configuration in which it is
commonly used. The stair step configuration shown in these embodiments can
15 eliminate broad horizontal surfaces where bubbles tend to accumulate.
Specifically, by having multiple narrow shelves, bubbles that tend to form and
accumulate are allowed, during the fluid ej ection process, to migrate upward into
the backside trench away from the thin film side, or otherwise dissipate. The stair
step configuration can be utilized on both the width and the length of the slot as
20 shown in previous embodiment, or alternatively the stair step configuration can be

on either the width or the length. For example, a common width w can be

maintained in the multiple dry etches forming the first trench while the lengths |;,
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&* #10%sbotting techniques. For example, slots made by dry etching can have sidewalls

5 variations of less than about 5-10 microns, whereas existing sand drilling
technology can create chips in excess of about 45-50 microns. This feature of this
cmbodiment, in addition to the incfeased substrate strength and higher aspect ratio,
can further allow slots to be placed closer together on the substrate than existing
technologies.

10 The illustrated embodiments describe the first trench being constructed
using dry etching followed by various other removal techniques forming the
second trench. In other exemplary embodiments, the act of dry etching(s) can be
performed after the other act(s) of removal of the substrate. Other exemplary
embodiments also can have other intermediary steps.

15
CONCLUSION

The described embodiments can p;ovide methods and systems for forming
slots in a semiconductor substrate. The slots can be formed by dry etching from a
first surface and removing material through the use of various techniques from the

20 other surface. The slots can be inexpensive and quick to form. They can be made
as long as desirable and have higher aspect ratios than existing technologies. The

resultant substrate can have beneficial strength characteristics that can reduce die
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a thickness between the first and a second opposing surfaces; and,
5 sand drilling (822) through the second surface (612) of the substrate (606)

effective to form, in combination with said etching, a slot (604) at least a portion

" of which passes entirely through the thickness of the substrate (606).

2.  The method of claim 1, wherein said dry etching (820) removes from about

10 25 percent to about 75 percent of the thickness of the substrate (606).

3.  The method of claim 1, wherein said act of dry etching (820) is performed

before said act of sand drilling (822).

15 4. A fluid ejecting device (142) having a substrate (606) formed in accordance

with the method of claim 1.

5. A method of forming fluid handling slots (604) in a semiconductor substrate
(606) having a thickness between opposing first and second surfaces comprising:

20 dry etching (820) into the substrate (604) from the first surface (610) to
form a first trench (802) having a length and a width; and,

removing (822) substrate (606) material through the second surface (812) to
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drilling,

7.  The method of claim 5, wherein the second trench (804) formed by said
10 removing (822) has a maximum width of about 50 percent or less the thickness of

the substrate (606).

8.  The method of claim 5, wherein the first trench (802) formed by said dry
etching (820) has a depth of about 25 percent to about 75 percent of the thickness

15  of the substrate (606).

9. The method of claim 5, wherein the second trench (804) formed by said
removing (822) has a maximum width of less than or equal to about 300 percent
the maximum width of the first trench (802) formed by said dry etching (820).

20

10. A fluid ejecting device (142) having a substrate (606) made in accordance

with the method of claim 5.



