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1.0 SLOTTED SUBSTRATES AND METHODS AND SYSTEMS FOR FORM NG SAME *159159*
W15 BACKGROUND OF THE | NVENTION I nkj et printers have ?egogﬁ lébi gquitous in
‘'society. These printers provide many desirable characte lstils at an

af fordabl e price. However, 'the desire for ever eg at
' 0020808

ever-|lower prices continues to press manufactur effic¥enci es.
Consuners want ever higher print imge resolution, realistic colors, and

i ncrgased pages or printing per rinute. One way of ac mer 2
demaﬁds is by inmproving the print head and its net hodWlWlumm"mﬁ re.
Currently, the print head is tinme consum ng and costly tegdRke.

Accordi ngly, the present invention arose out of a desire to provide fast
and econom cal nmethods for formng print heads and other fluid ejecting
devices 5 having desirable characteristics. BRI EF DESCRI PTI ON OF THE
DRAW NGS

10 SLOTTED SUBSTRATES AND METHODS AND SYSTEMS FOR FORMING

SAME

—————
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BACKGROUND OF THE INVENTION
Inkjet printers have become ubiquitous in society. These printers provide
many desirable characteristics at an affordable price. However, the desire for ever
20 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. One way of achieving consumer



AMYEE e conponents are used throughout the drawings to reference |ike
eatures and conponents. 10 Fig. 1 is a front elevational view of an
.exenplary printer. Fig. 2 is a block diagramthat illustrates various
“conponents of an exenplary printer. Figs. 3 and 4 each show a perspective
view of a print carriage in accordance wth one exenplary enbodi nent. 15
Fig. 5 is a perspective view of a prindt cartridge in accordance with one
exenpl ary enbodinent. Fig. 6 is a cross-sectional view of a top of a print
cartridge in accordance wth one exenplary enbodinent. Fig. 7 is a top

vi ew of LRt LQ n | 1 h, one axe ar 20 e diment. Fig.
8a- 8f ar(}%ﬂé%lgg%s Eg@ﬁ'pg%d&gggésﬁggﬁ%agc djismetho cffm%u%ﬁ%?'r ALY,
accordance with one exenplary enbodinment. 3 Fig. 1 Cais a top viewof a
pri nt hébgiprint headois dame eonsurhingrandesestipitamakeerbodi nent . Fig. | Ob-10d each
show a cross-sectional view of a substrate in accordance wth one
exenpl ary enbadordingly, th&pesedt iQ@exhﬁqrﬁafotQP ot 61"a GEsife 1 provideead: Ady

accordance with one éxenplary enbodi nment.

economical methods for forming print heads and other fluid ejecting devices

5 having desirable characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS
The same components are used throughout the drawings to reference like
features and components.
10 Fig. 1 is a front elevational view of an exemplary printer.
Fig. 2 is a block diagram 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.
15 Fig. 5 is a perspective view of a print cartridge in accordance with one
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
20 embodiment.
Fig. 8a-8f and 9a-9h each show a cross-sectional view of a substrate in

accordance with one exemplary embodiment.



Jﬁ@ﬁﬁj O - 10h each show a cross-sectional view of a substrate in accordance
with one exenplary enbodinent. Fig. | la-1 Id each show a cross-secti onal
view of a substrate in accordance 10 with one exenplary enbodi nent. Fig.
12a is a top view of a substrate in accordance with one exenplary
enbodinent. Fig. 12b is a top view of _an exenplary geonetrical pattern in
accordance wth one exenplary embodi frent. . 15 Fig. 12c is a top view of
an exenplary geonetrical pattern in accordance wth one exenplary
enbodinent. Fig. 12d is a top view of an exenplary geonetrical pattern in

accor dance 5 I gﬂﬁﬁ QB | ' | of a
substrate i nwzla%ggraggr?géﬁv?%‘ﬁ dgre]1 exgiﬁpgggé ?ceafga%cr#b?%i&ﬁr?gﬁ:eggﬁ%&%4 Is a
cross-sectiqgnal view of a substrate in accordance with one exenplary
enbodi nEAI0AMNENly 15 js a cross-sectional view of a substrate in
accordance wth one exenplary enbodi nent. DETAI LED DESCRI PTI ON OF THE

PREFERRED E | 10BMNIGd escHAHOWh EYdsEhectohdldiew if s sibsedtelifdcberdanceer t ai n
to met hods and systens for
with one exemplary embodiment.
5 Fig. 10e is a top view of a print head in accordance with one exemplary
embodiment.
Fig. 10f-10h each show a cross-sectional view of a substrate in accordance
with one exemplary embodiment.
Fig. 11a-11d each show a cross-sectional view of a substrate in accordance

10  with one exemplary embodiment.
Fig. 12a is a top view of a substrate in accordance with one exemplary
embodiment.
Fig. 12b is a top view of an exemplary geometrical pattern in accordance
with one exemplary embodiment.
15 Fig. 12c is a top view of an exemplary geometrical pattern in accordance
with one exemplary embodiment.
Fig. 12d is a top view of an exemp}ary geometrical pattern in accordance
with one exemplary embodiment.
Fig. 13 is a top view of a substrate in accordance with one exemplary
20 embodiment.
Fig. 14 is a cross-sectional view of a substrate in accordance with one

exemplary embodiment.



forming slots in a sem conductor substrate. One enbodi ment of this process
wll be described in the context of formng fluid feed slots in a print
head di e substrate. As commonly used in print head dies, the sem conductor
‘substrate often has 10 microel ectronics incorporated within, deposited
over, and/or supported by the substrgte. The fluid feed slot(s) allow
fluid, comonly ink, to be supplied to fluid ejecting elenents contained
in_ ejection chanbers within the print head. The fluid ejection elenents
commonly conprise heating elenments or firing resistors that heat fluid

causi ng incrﬁgepb RIL&05E-Sedtibnall Vit 6£4 sEbstt@ P Sécordarit@Witpone! that fluid
15 can be ejecied through a firing nozzle with the ejected fluid being

repl aced_b ui f om he fluid feed slot. The fluid feed slot can be
made in® 5% I?EXW ‘one enbodi nent material is removed fromthe

substrate by |aser nachlnlng a trench through a first substrate surface. A
second trench can be fornmed by various techni ques, such as 20 sand
drilling, so that the first and second trenches neet to forma slot through

the substrg qde @ﬁp ﬁm Wﬁ}ﬁcsthat t hey
are about equa ept o enggggﬁb a?ﬂtﬁﬁ)e%ﬁprrg a € mddle of the

substrate's 5 thickness. Slots nade this way can be very narrow and as | ong
as desi QYE W%W slots renove |l ess material and have beneficial strength
characteristics that can reduce die fragility. This, in turn, can allow

slots to be Mheiembuditheatsodascribedbelos pertdin td enelhéds ﬁld%ﬁeémstmodl ment s
i ncl ude features that reduce the accunul ati on of
forming slots in a semiconductor substrate. One embodiment of this process will
be described in the context of forming fluid feed slots in a print head die substrate.
As commonly used in print head dies, the semiconductor substrate often has
10  microelectronics incorporated within, deposited over, and/or supported by the
substrate. The fluid feed slot(s) allow fluid, commonly ink, to be supplied to fluid
ejecting elements contained in ejection chambers 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
15 can be ejected through a firing nozzle with the ejected fluid being replaced by fluid
from the fluid feed slot.

The fluid feed slot can be made in yarious ways. In one embodiment
material is removed from the substrate by laser machining a trench through a first
substrate surface. A second trench can be formed by various techniques, such as

20  sand drilling, so that the first and second trenches meet to form a slot through the

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



‘bubbl es in the slot. Bubbles can result fromthe fluid ejection process and
can occlude fluid feed if they accunulate in the slot. Various techniques
can be wutilized to pronote bubble mgration away fromthe thin film
surface where they are nost prone to blocking fluid flow. 10 Although
exenpl ary enbodi nents described herein are described in the context of
providing dies for use in inkjet printers, it is recogni zed and under st ood
that the techni ques described herein can be applicable to other
applications where slots are desired to be forned in a substrate. The

vari ous tFRERERCM1StsURIES {6 WaYal We Rty BafroReard A IDhpak HdsREEUNARRIW 15 as

far as their size 1s concerned. Rather] the included figures are I ntended

as dia mmati c fepresentatians to illustrate, to the reader various

ovent | Sloth ey <58 et el nd e ine ots? Horisth cRaebfopioRRY CIRICAER. SvSTEM
20 Fig. 1 shows one enbodi nent of a printer 100, enbodied in the formof an
i nkj et meduceatie frigdityr iThigrin10h, can aHew dlots tabegpositioned closeptegativrat i ve of
an inkjet printer series manufactured by the Hew ett-Packard Conpany under
the tradempelgid ""DeskJet”. The inkjet printer 100 is capable of printing

i n bl ack-and-white and/or in color. The term"printer"” refers to any type

ot 651 a5 oniQUhEF FnARITRG Sic g lghiiss Ak bice e RerERSOB Run 1 o
exenpl ary purposes, it is noted that aspects of the described 5 enbodi ments
can be ibubbregmtiedslon Bubblescan tesudd from theifluid die¢tion prodess agdehay

occlude fluid feed if they accumulate in the slot. Various techniques can be

utilized to promote bubble migration away from the thin film surface where they

are most prone to blocking fluid flow.

.10 Although exemplary embodiments described herein are described in the
context of providing dies for use in inkjet printers, it is recognized and understood
that the techniques described herein can be applicable to other apgycaﬁéns where
slots are desired to be formed in a substrate.

The various components described below may not be illustrated accurately

15 as far as their size is concerned. Rather, the included figures are intended as

diagrammatic representations to illustrate to the reader various inventive principles

that are described herein.

EXEMPLARY PRINTER SYSTEM
20 Fig. 1 shows one embodiment of a printer 100, 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



inkjet printing elenents or other fluid ejecting devices, such as facsimle
machi nes, photocopiers, and the like. Fig. 2 illustrates various
conponents in one enbodi nent of printer 100 that can be utilized to
inmplenent the inventive techni ques described herein. Printer 10 100 can

I ncl ude one or nore processors 102. The processor 102 control s various
printer operations, such as nedia handling and carriage novenent for |inear
positioning of the print head over a print nedia (e.g., paper,

transparency, etc.). Printer 100 can have an electrically erasable

progr am@&sﬁ]é@?%ﬁ%ﬂ%} gﬁ%ﬁgryl 005EREpM1e %gégﬁﬁgy:%?%&%'ﬂhﬁ?@w and/ or

a random access 15 RAM) 108." Al'th ustrated
havi ng an EEP 104 _and ggvl 06, a particular printer may only include
one of tlﬂémfﬂim teEgpoind tsrf’géA%Itﬂ Wgﬁ'&el%ﬁp%t%@wmd%‘ﬁ%ﬂlma system

bus typically connects the various conponents within the printing device
100. Thejents fluid ori Gther pigmerntod inzaterials bntorapriat amdimnThoughléh inkjét i s 20
i npl emented as a pernanent nmenory nodul e stored on ROM 106, in one

o0 Bl TS PE bl b ARE AN SEAEH L Agliar . ond s
o 008 am ARG AR S WRBIGTED RSO GSheR o0 o6 PEIEOB Sy ices AhalATRpleNbodi ment
processor(s) 102 process various instructions to control the operation of
the pri rhkget pAnting dlentents oruthiee fluid Yettingdbeices saeh a8 TadsiMilé machines,
| photocopiers, and the like.
Fig. 2 illustrates various components in one embodiment of printer 100 that
can be utilized to implement the inventive techniques described herein. Printer
10 100 can include one or more processors 102. The processor 102 controls various
printer operations, such as media handling and carriage movement for linear
- 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
15 memory (RAM) 108. Although printer 100 is illustrated having an EEPROM 104
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 printing device 100.
The printer 100 can also have a firmware component 110 that is
20 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



‘5 conputing devices. The nenory conponents, EEPROM 104, ROM 106, and RAM
108, store various information and/or data such as configuration
information, fonts, tenplates, data being printed, and nenu structure
information. Although not shown in this enbodi nent, a particular printer
can also include a flash nenory devige in place of or in addition to
EEPROM 104 and ROM 106. 10 Printer 100 can al so include a disk drive 112, a
network interface 114, and a serial/parallel interface 116 as shown in the
enbodi ment of Fig. 2. Disk drive 112 provides additional storage for data

bei ng pr.l # [ ' ' | 4+ pter 100. Although
printer c?%cﬁﬂ%@ﬂplgtigﬁngtdféﬂ f}g\!ﬁd r‘@‘ﬁ Bg? Hﬂﬁﬁ%g@#{i@mgi&s drive 112, a
particular printer may include either M 108 or disk drive 112, 15

dependi ®§° SRopsHPets {ised {0 BErIPHB SPER RPERUORYr exanpl e, an i nexpensi ve
printer may include a small anmount of RAM 108 and no disk drive 112,

t her eby redun tigis endbodiment, peocessorgs)cld protessharious Mstructivak WO cntrslt er f ace
114 provides a connection between printer 100 and a data commrunicati on

net wor K i . | een { [ 114 20 all ows

devi ces %%E%%ﬁgﬂ?g{@n#}gg gg?gd;:{%?rrom I‘llllu\é@F 'Jlft(‘:a)ﬁ{:i %}g{)g\%?glef%ogécnﬂ] rint jobs,
menu_data, and other information to printer 100 via the network. Simlarly,
serial / Gampuiag dexicess dbe mamopy exmpenerys.EERROMI04; ROMJIO6p80d direct |y

between 8 printer 100 and another el ectronic or conputing device. Although

pri nt er RIAM 168, stdrk watibas atfohnuiiog and/oe daey dachak ebhfigeratibs and
serial/parallel interface 116, a particular printer may only include one

Interf afrﬁ'oﬁﬁgﬁ&lﬂ%hts, templates, data being printed, and menu structure information.

Although not shown in this embodiment, a particular printer can also include a
flash memory device in place of or in addition to EEPROM 104 and ROM 106.

-iO Printer 100 can also include a disk drive 112, a network interface 114, and a
serial/parallel interface 116 as shown in the embodiment of Fig. 2. Disk drive 112
provides additional storage for data being printed or other information maintained
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

Jjobs, 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 can al so include a-user interface and nmenu browser 118, and a
5 di splay panel 120 as shown in the enbodi nent of Fig. 2. The user
interface and nenu browser 118 allows a user of the printer 100 to
navigate the printer's nmenu structure. User interface 118 can be
indicators or a series of buttons, swifches, or other selectable controls
that are mani pul ated by a user of the printer. Display panel 120 is a
graphi cal display that provides information regarding the status of 10 the
printer 100 and the current options available to a user through the nenu

Struct ur Srintkpil 60 A QbR eledtroRic & ESmpEEn@liSAcE." infd gine 124
that i ngll-ﬂlljdes mechani sns arrgnged toméel e%t ?‘\gg yﬁgtggﬁgh?f’&fééquqg , liquid
ink) to i nt., nmedia such, as er,.. .pl asti.c, fapri.c nd the like in
accor danﬁl@géﬁcﬁ having a Bﬁwrﬁ“@gfar%@éﬂéﬁﬁaﬁﬁnﬁl@a&gﬁ?li lﬂterf%s.l Iopa print

engi ne 124 can conprise a print carriage 140. The print carriage can

cont ai n particalar pontermayonkyanthiddgme ifte?fach @bmponpat. se a print head 144 and
a print cartridge body 146. Additionally, the print engine can conprise

and i § mat el y st 100 AR ERo R Be HEHAG, ddiEnh BrowCer i mndl, | 0%
(1428 orRAYBRIFLI 20 35 ShAWR b Bie ATRbOent LL 8 P TRecHSeT MjeHagEmIG od a1 o
configured to hold four print cartridges although only one print cartridge
i s shownmedabiowderd 8lloRa) fager of the printer 100 to navigate the printer’s menu
structure. User interface 118 can be indicators or a series of buttons, switches, or
other selectable controls that are manipulated by a user of the printer. Display
panel 120 is a graphical display that provides information regarding the status of
10  the printer 100 and the current options available to a user through the menu
structure.
This embodiment of printer 100 also includes 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 cormresponding 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 1'44 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



‘configurations are possible. Fig. 3 shows the print cartridge 142a
configured for 5 an up connect to a fluid source 148a, while Fig. 4 shows
print cartridge 142b configured to down connect to a fluid source 148b.
Ot her exenplary configurations are possible including but not linmted the
print cartridge having its own self-contained fluid supply. Fig. 5 shows
an exenplary print cartridge 142. The® print cartridge. is 10 conprised of
the print head 144 and the cartridge body 146. O her exenpl ary
configurations will be recognized by those of skill in the art. Fig. 6
shows a crosg;.segt L g% f g4 f . e ary print
cartridge 14gxg[§agtgh82|a§gl%v€%§tgﬁg_}gbfxﬂf‘ | g.&%égqllﬁmés)ﬁ%%“tﬁﬁ):mc% {Hr?!l dge body
146 cont ai ni ng flyid 602 for su l#g&o the prin ‘Ogle(ga 44, 1n this

enbodi neaTage Aa01 Fhgmrmt ce&ae&%@ 1 %@rﬂqn@%“%i ﬁéwp’aﬂ'e col or of
fluid or ink to the print head. In this enbodinment, a nunber of different
fluid featiddestaithaugh phby bfegrint\edriridgerisshowne by wtier @kémphirpg shown at
604a, 604b,d§and 604%. ?xwher gxenpl arygv enbodi menth?can divide the fluid

supply . fe thre | - ceives a
separ at ée&}ff%?%n @%;%Fﬁos%ﬁ%ﬁeér é(gr#)l*)g?gll %ﬁﬁﬁ% 34{@'2@&6: g‘g‘f\éacﬁ?%q §° | ess or
nore slots than the three shown here, The various fluid feed slots pass

t hr sughatpup coaRest do afluidiseurcs: 8gowhils Rigi 4 shawpprnteartridgs 142bon can be a
suitabl e substrate, for this enbodinent. In sone 10 enbodinents, substrate

606 congyriffgeged tedywhalonneeét tounfiidabarceuid8baOtepekemphiyst al | i ne silicon
or polycrystalline silicon. Exanples of other suitable substrates

configurations are possible including but not limited the print cartridge having its
own self-contained fluid supply.
Fig. 5 shows an exemplary print cartridge 142. The print cartridge is
10  comprised of the print head 144 and the cartridge body 146. Other exemplary
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 i)ody 146
containing fluid 602 for supply to thé 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 diﬂ'erent_ fluid feed slots are provided, with three
exemplary slots being shown at 604a, 604=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



‘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 exenplary

enbodi nent, the substrate conprises a base |ayer, shown here as silicon
substrate 608. The silicon substrate l@as a first surface 610 and a second
surface 612. Positioned above the sili'Con substrate are the independently
controllable fluid drop generators that in this enbodiment conprise firing
resistors 614. In this exenplary enbodinent, the 10 resistors are part of a

stack of einbbdirhérts) Suby@ste 606 dodiprifestaGystallifeubseRRtshah Gs QQJ%ie The thin
a

filmlayers can further conprise a barrier |ayer 616. The barrier |ayer can
, conpri se ng .ot her thjngs hqgt o-resi st_pol r substrate. Above the
barr 1 er SsBUnG silicon g pelyceystpiling seicen Examalfs ebathier suitablesubdirates

limted to a nickel substrate. The orifice plate has a plurality of nozzles

619 t hr cingludehamonglothets, gilinmadreehitly, glass, viicapcsramis Gidsemican be ej ect ed
for printing on a print nmedia (not shown). The various |ayers can be

formed, dep@sh . 1at on .t e ina. lavers. The .
configurati o%hgg Snearfet}[%aelf eﬁ?egﬁ‘g’gFH%n%np%gns? Ig{ee&a?goﬁ’fg %Sﬂﬁél'f%lr?.ns a&é‘fﬂl&?arrpl e,

in an alternatiye enbodinent, the orifice plate and barrier |ayer are

i nt egr al recognized bx,oagaf skill sy therare Jln; thisieerplanhernbodiment, the snbisttate s upsi de
down from the common orientation during usage. \Wien positioned for use,

fluid caoripises of bRelaye, s hé&easmﬁdoxﬂﬁﬁ)shﬁie%me{ﬁé si'l‘i@ﬁﬂ gﬂ%t{ﬁ?ﬁ slots

604a- 604c. Fromthe 11 slots, the fluid can travel roug f eed
Passagevay %Rt glrl]x%cel & fadjgmi gsgcgnl surface 612. Positioned above the silicon

substrate are the independently controllable fluid drop generators that in this
embodiment comprise firing resistors 614. In this exemplary embodiment, the
10  resistors are part of a stack of thin film layers on top of the silicon substrate 608.
The thin film layers can further comprise 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 give:n here is but one possible configuration.
For example, in an alternative 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



"chanber 622. A firing chanber can be conprised of a firing resistor, a
nozzl e, and a given volunme of space therein. OQther configurations are al so
possi ble. Wien an electrical current is passed through the resistor in a
given firing chanber, the fluid 5 can be heated to its boiling point so
that it expands to eject a portion of .the fluid fromthe nozzle 619. The
ejected fluid can then be replaced by additional fluid fromthe fluid feed
passageway 620. The enbodi nent of Fig. 7 shows a view from above the
thin-filmsurface of a substrate incorporated into a print head. The

subst r atstots sthedheid edn pavehehrotgh b dRiid TeedpabLreniay 630 thatdas ko h Fiting
structures of the print head indicated in dashed lines in this enbodi nent.

The orif}] [ : ' r lres- 619. Bel ow_ each nozzle
[es 't neTpHRE 823, ' GEB Ao HHel ool BE O T MR Tiring fesioior B922findt ey
(feed channel) 620 and then to sl ot 604a-c. The slots are illustrated in
this entsogivemvolume ghspaceithereim| Otherrdopfigurations arealso possibilet r'Whenlaove t he
first 15 surface of the substrate. O her exenplary geonetries include

r ect ang ¥ @stridIuren® is issed Eir@ﬁ(g)h s t%fsis@&qn%:gi%n ﬁﬁﬂ?’ é:k‘%@lg%i‘,tetgg lftgfrlén one or

enbodi ments in which portions f the substrate are

nore_slots, thro t. substrate. JThe. illustrated substrate 606 has a

t hi che§§ntb?rhﬁqg¢%}8§E‘ret?q}§Hgé’%Wr@ﬂV§ CEH?P‘%GPPJ%aM% atthe flwd wi t h
vari ous thicknesses of substrate. For exanple, in the specific described

embodi ndrams the hezzle6¢9nd3e eeoted fmid cdn thren beseplabedbgladditiohd flwidr ons  to
at | east about 2000 m crons. O her exenplary enbodi nents can be outside of

12 from the fluid feed passageway 620.

The embodiment of Fig. 7 shows a view from above the thin-film surface of

a substrate incorporated into a print head. The substrate is covered by the orifice

10  plate 618 with underlying structures of the print head indicated in dashed lines in
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 conﬁéuration when viewed from above the first

15 surface of the substrate. Other exemplary geometries include rectangular among
others.

Figs. 8a-8f and 9a-9h show two exgmplary embodiments in which portions
of the substrate are removed to form one or more slots through the substrate. The
illustrated substrate 606 has a thickness t. The described embodiments can work

20  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 t in sone exenplary enbodi nents
can be about 675 mcrons. The slots can conprise a first trench 802 that
originates froma first side of the substrate, and a second trench 804
(shown Fig. 8c) that originates fromthe 5 second side of the substrate.

For ease of appreciating these trenches,, the figures are shown in
correspondi ng pairs. For exanple, Fig. ?a Is a portion of a cross- section
taken along line b-b indicated in Figs. 5 and 7, and shows a |length 11 and
depth x of the first trench. Fig. 8b is a portion of a cross section taken
al ong | i nehig rarge. e thickneskiof the3ubstrawst in sohfétdxerripldfy diBodinfitd\ca)2 and
the sanme depth x 10 shown in Fig. 8a of the first trench 802. In the

i1l ustrat mhodidrent s, the length lies along the long axis of the trench
and the mﬁg@ﬁonégnggﬁasthe short axis, transverse the long axis. Figs. 8c
and 8d and Figs. 8e and 8f have simlar relationshi ps show ng correspondi ng
cross sect i onJhefslathean engprisaracfinst ttemch 802 that eriginatest foomi ayfirstaideaoff i r st
trench 802 is forned by |laser nachining a portion of the substrate using a
sui tabl e Way. ' | ‘s machi ni ng
t ool has gﬁﬁﬁggﬁaﬁﬂhﬁﬂgq?ﬁgﬁag@ﬁg}g?@gﬁﬁ |J§§?§ egﬁgéggkp%g%§§§§enachine,
abl ate, or otherw se renpve substrate paterial. Many satisfactory |aser
machi nds serongsideafithesufsiraten £ oreasnof sppresigting these trepehes the figureshe art .
In this exenplary enbodi nent, the | aser machine has a | aser source that
gener at es afe sHdwriiedo Bhdfapepdits. (FoRleRainphe Fig 8 ' r

machi ne called a Xi se 200 Laser Machi ni ng Tool, naﬁ&ﬁg¥§8§§§¥ﬁga§§il of
Dubl i n,

section taken along line b-b indicated in Figs. 5 and 7, and shows a length 1, and
depth x of the first trench. Fig. 8b is a portion of a cross section taken along line a-
ain Fig. 5. Fig. 8b shows a width w; of the trench 802 and the same depth x

10  shown in Fig. 8a of the first trench 802.

In the illustrated embodiments, the length lies along the long axis of the
trench and the width lies along the short axis, transverse the long axis. Figs. 8c
and 8d and Figs. 8e and 8f have similar relationships showing corresponding cross
sections of the length and width.

15 Referring to Fig. 8a, a first trench 802 is formed by laser machining a
portion of the substrate using a suitable laser machining tool 806. In this
embodiment, the laser machining tool has a laser source that generates a laser
beam 808 that can machine, ablate, or otherwise remove substrate material.

Many satisfactory laser machines can be used as will be recognized by one
20 of skill in the art. In this exemplary embodiment, the laser machine has a laser
source that generates a UV laser beam. One suitable laser machine is a UV laser

machine called a Xise 200 Laser Machining Tool, manufactured by Xsil of Dublin,



‘13 Ireland. In this enbodi nent, a suitable |aser source can use power in
the range of about 2 to 100 Watts. In one particul ar enbodi nent, the | aser
source power can;, be about 4.5 Watts and can have a wavel ength of (1060
nm/n or (1053 nm/n, where n =2, 3 or 4. In a specific enbodinent, the
W wavel ength can be | ess than about 5 &0 nm or, in one particular
exanpl e, about 355 nm Any suitable pulse wdth can be enployed. In this
particul ar exanple, the pulse width of the |aser beamis about 15 ns, and
the repetition rate is about 30 kHz. Additionally, the |aser beam can have
a di anmet edreddndabinithi§ embodi@ent, arsustablenlasér soueceheati wsenpowemnimthe rapge of cul ar
exanpl e, the dianeter is about 17 mcrons. Further, the |aser machine 10

P _ . . ' ' f th
can have ghg@s t§1%wg§tg§.gy;%xgﬁy§§é§teyra9 eﬁ%MﬁeﬁP&@ﬁ?ﬂﬂsﬁ%gfiﬁé\gm gom ! he

| aser machining int To effectuate su

desired pajtern, e | aser heam passes ve e substrate in at |east one
of severaF’{’Q‘atr‘?—éu‘yqa%ﬁFag@P vg@swavpﬁmtg ofre(ﬂ,bg@mﬁ?n or CH}53-nm)p) wherene

| aser beam can be passed over the substr ate a 15 single tine or multiple

times. Addi=2oBarldy, Intdspdcific embedithera)theld¥ wavdlemsth cafdsesless i abesy t ai n
substrate areas and a single pass over other areas. The speed at which the

ol 50 b5 APPa: B dbriyns, Bedten i e oo 23808 B8 anitehls BSF Mg on.
The trench 802 shown in Fig. 8a extends through approximtely 50 percent
20 of thecambelemployed. ihdhisyiasticularexamplestheapulde widthhef theplabendeaami t hus
has a depth of about 335 mcrons in this particular exanple. In other
embodi mentgout! 15 nk ! &l the repetition rate is about 30 kHz. Additionally, the laser beam
can have a diameter of about 5 to 100 microns in this embodiment. In one
particular example, the diameter is about 17 microns. Further, the laser machine
10  can have a debris extraction system to remove any debris resulting from the laser
machining in this embodiment.
To effectuate substrate removal in a desired pattern, the laser beam passes
over the substrate in at least one of several various configurations in this
embodiment. For example, the laser beam can be passed over the substfate a
15 single time or multiple times. Addi.t_ional]y, the laser beam can make multiple
passes over certain substrate areas and a single pass over other areas. The speed at
which the beam is moved over the subs.trate, as well as the focus of the beam can
also be varied to achieve different results depending on the application.
The trench 802 shown in Fig. 8a extends through approximately 50 percent
20  of the thickness of the substrate as indicated by the depth x, and thus has a depth of

about 335 microns in this particular example. In other embodiments, the trench

can be any depth from less than about 10 microns to a depth that passes through



‘can be any depth fromless than about 10 mcrons to a depth that passes
through 14 the entire thickness t. In a nost particul ar enbodi nent
however, the depth x of the trench can be from about 25 percent to about
75 percent of the thickness of the substrate. Fig. 8c shows a partially
conpl eted second trench 804 that is forged from 5 the substrate's second
side or surface 612. In various enbodi nents, the trench can be fornmed by
renovi ng substrate material through the second surface. In this exanple,
sand drilling can be used to formthe second trench. Sand drilling is a

mechani cathecetitire thiicknesses dn wmost pasti@dar embedinadnt howesen teeldépthpesf thel es,
such as alum num oxi de, delivered froma high pressure air flow system

Sand dril i ' f | : Y nd
machi i ngtreBfta, G ST 008 2 BéiEedlo3BoRP7E pRERL o e dRRIRRSE "5, e
exenpl ary enbodi mrents can use one or nore of the follow ng techniques to
form t he suhstmate.t rench: |aser machining, dry etching, wet etching,

mechani cal nmachi ning, and others. Mechani cal nachining can include the use

of various s a“@‘i%?_@ gﬂbgﬁg@ééﬂ?l?% ?gxﬁxgﬁﬁe&Q Al tYerith®04'tRat 1§ iffied ﬁ%ﬁf rate

material . Figs. second trench having a l'ength 12, a
wdth w2 and ~a depth y. The trench intercepts or otherwise joins with a

portich otheibstratesy secopd sids o 38%%1%'(15? ivariows empadimgnts,the tigach €3t s a
sl ot 604d that extends through the thickness of the substrate and through

whi ch a fbefeinsed by fembvingdubstrat ndtérdal. thfsughcthe 8econdastirfage PO thien of t he
substrate, the depths (x and y) of the two
example, sand drilling can be used to form the second trench. Sand drilling is a
mechanical cutting process where target material is removed by particles, such as
aluminum oxide, delivered from a high pressure air flow system. Sand drilling is
10  also referred to as sand blasting, abrasive sand machining, and sand abrasion.

As an alternative to sand drilling, other exemplary embodiments can use
one or more of the following techniques to form the second trench: laser
machining, dry etching, wet etching, mechanical machining, and others.
Mechanical machining can include the use of various saws and drills that are

| 15 commonly used to remove substrate material.

Figs. 8e-8f show a finished second trench having a length 1, a width w, and
a depth y. The trench intercepts or othgrwise Jjoins with a portion of the first
trench. The combination of the two trenches forms a slot 604d that extends
through the thickness of the substrate and through which a fluid such as fluid can

20 flow. So for at least a portion of the substrate, the depths (x and y) of the two

trenches, when taken together, equal the thickness t. As shown in this exemplary

embodiment and as best viewed in Fig. 8¢, the second trench intercepts the entire



‘trenches, when taken together, equal the thickness t. As shown in this
exenpl ary enbodi ment and as best viewed in Fig. 8e, the second trench
intercepts the entire 15 length 11 of the first trench. O her exenplary
enbodi ments can have less than the entirety of the length of the first
trench intercepted by the second trenchs An exanple of such a relationship
w Il be discussed in regard to Figs. 11 a-11 d. Additionally, as can be
appreciated fromFig. 8e, the second trench can be |longer 5 than the first
trench so that it enconpasses a portion of the first trench for its entire
| engt h wi lemigth I, hof the fiostdremchn dDthell bxemplany embpdiemdntsicarchave k3o dian the Fi g.

8f, has a slot 604d forned from a first trench 802 having generally planar

thi's oxenghry & SEIPHRSIE EritenchMicRbesRare Bl £eSRRERKER A, Ineh®i & "

| ess than the maxi mumw dth w2 of the second trench. O her exenplary
enbodi nenexample aftsuch agelationshiprivilkhe disgussed imregard m FigsuyhalAd. descri bed

enbodi ments illustrate only renoving material fromthe substrate to form
the desiradditigRAhess dﬂ"&@éﬁﬁ%ﬁﬁé‘d fbRPPig. Be SRS OHAAHHBRY tually
add material to t?’e S(l:JbStI‘a e. For exarrpllgle,e’rrat e?i als mg taibbe&%@galc

deposijted, thyough depgpsitjon, techniques, as.part of_ the slol formation
sequerie thap qﬁ%{t{@c iSO ?t‘}SSP?‘?@PWC%PPGBtFﬁﬂ@@Fﬁﬁ@ﬁ@ﬂ}‘&j{“menme

Al ternatively, sone exenplary enbodi ments can utilize one or nore

addi t i onalengthowitii ®he seeynd trehtlnse descri bed above and bel ow to clean or

otherwi se inprove a slot. For exanple, in one exenplary enbodi nent, a first

The exemplary embodiment, shown in Fig. 8f, has a slot 604d formed from
a first trench 802 having generally planar side walls and a second trench 804
having generally concave side walls. In this exemplary embodiment, the

10  maximum width w, of the first trench is less than the maximum width w; of the
second trench. Other exemplary embodiments can utilize different configurations.

Although the described embodiments illustrate only removing material from
the substrate to form the desired trenches, intermediate steps in some embodiments
can actually add material to the substrate. For example, materials might be

15  deposited, through deposition techniques, as part of the slot formation sequence
and then be either partially or completely removed.

Alternatively, some exemplary ex_nbodiments can utilize one or more
additional procedures beyond those described above and below to clean or
otherwise improve a slot. For example, in one exemplary embodiment, a first -

20 trench can be made by dry etching from one side and a second trench can be laser

machined from the other side until it intercepts the first trench to form a slot.

Another additional procedure, such as sand drilling, can be utilized to clean up or



20 trench can be made by dry etching fromone side and a second trench can
be laser nachined fromthe other side until it intercepts the first trench
to forma slot. Another additional procedure, such as sand drilling, can
be utilized to clean up or 16 renove any debris left fromthe slot
formati on process in this exenplary egpodi ment. The cl ean up procedure can
be performed once the slot is fornmed a described in this exanple, or
alternatively, can be done after some naterial has been renoved, but
before the slot is conpletely formed. 5 The di mensi ons of the trenches can
be nodi fi d%kdﬁe s{BRATHSA | : or width. For
exanpl e, It%ﬁled‘jlteen t bglfs ltgtr:te sl gég%ﬁ%?ﬁ%ﬁiﬁgﬁ%ggﬁg so“that it
resenbl es hal e or_via, The process of fornm.,ng a portjon of the slot from
each si deTapodiment, ifhe clgap umawcsswme armeronge dhe alo s fymed agne
advant age pertains to the dinmensions 10 of the slot width. For exanple, a
greatly rdedubed &l tiis eahples anaktembavelpdcatthd dodd Witdraohit Matsriddas! | bed
above, as conpared with the width of a slot that is formed entirely froma
single side. For e l,e. on.a _standard Semcron thick substrate, a first
trench ofbeeglfSWtovgé’atﬁBé)Fg?fg%ﬁSéﬂtﬂﬁ ﬁO'BBlr??ej¥f?% machi ned t hrough about
one-half of the 15 thickness of the substrate froma first side. The

remai Ader of tHhe dimensinsofdhe tieachesnanrbet modifiedie makea drofighsidtioé second
side by sand drilling. In an exenplary enbodi nent where the first side

conpri sesanyhisirbd meﬁg'éh Fhdfor @ dtH. NPorn@Renip1e) the WrpR b tiesot O4n 68 M | ocat ed

on a portion of the backside

short enough so that it resembles a hole or via.
The process of forming a portion of the slot from each side of the substrate
can provide many desirable advantages. One advantage pertains to the dimensions
10  of the slot width. For example, a greatly reduced slot width can be formed using
the techniques described above, as comi)ared with the width of a slot that is formed
entirely from a single side.

For example, on a standard 675 micron thick substrate, a first trench of
about 80 microns in width can be laser machined through about one-half of the

15  thickness of the substrate from a first side. The remainder of the thickness of the
substrate can be removed from the second side by sand drilling.

In an exemplary embodiment wh?re the first side comprises the thin film
side, the maximum width of the slot can be located on a portion of the backside
trench near or at the backside surface and can be about 300 microns. In one

20 exemplary embodiment, the maximum width of the backside trench is about 240
microns where the front side width is about 80 microns. This allows a maximum

trench width of about 300 percent of the width of the thin-film side of the slot.



‘trench near or at the backside surface and can be about 300 microns. In one
20 exenpl ary enbodi nent, the maxi num wi dth of the backside trench is about
240 mcrons where the front side width is about 80 mcrons. This allows a
maxi rum trench width of about 300 percent of the width of the thin-film
side of the slot. 17 Viewed anot her way, the maxi numw dth of the through
slot is about 50 percent or |ess of tHg t hi ckness of the substrate. In
this exenplary enbodi ment, the aspect ratio is about 2.8, where the aspect
rati o equals the substrate thickness divided by the slot width. The

descri bedyt | g,gn.Pj t ' t: L.eved as
desired. ﬁ\gléysei y,ér %#”?nmﬁgrma S ﬁwﬁgﬁgpggrgﬁgpﬁﬁtﬁgagﬁ%ﬁse@ﬁ%h%or m a
slot wwth a w dth of about 80g1'crons on the thin film side and a
backsi de 9 Eshobthedbisknesssof theisupsirates n this syemplasy embodiment, theraspestcr ons

t hi ckness. Thus, the maxinumslot width is approximately equal to the

subst r at ergtidii§ hBEEE2.85 WheREthRB3BENt rafld eQuals tHOsEbREraRXthieknRsY divided 1%# ot,

sand drilled froma single surface, often renoves a | arge anount
substrate materi i t he renmmi.ni ng substrate pore fragile. . Further,
the wide B&S i%@@-?&ﬁﬁﬁ%ﬁgg&dr?%ﬂ“% ‘f’r‘%}!ﬂ?yh‘ggg’g%spﬂ%‘fa&ﬁééo bet ween
adj acent slots on a nulti-slot substrate or die. Form ng a significant

porti @n oichidvedsdsadesiredm each side not only allows a 15 narrower sl ot
wi dth than sand drilling alone, but can also forma slot of nuch better

R O e i T S
Front St CGidth of about 180 microns on the thin film side and a backside width of about 650
microns for a substrate of about 670 microns thickness. Thus, the maximum slot
width is approximately equal to the s;ubstrate thickness, so the aspect ratio is
10  approximately 1. A slot, sand drilled from a single surface, often removes a large
amount of substrate material making the remaining substrate more fragile.
Further, the wide backside trench leads to an undesirably large distance between
adjacent slots on a multi-slot substrate or die.
Forming a significant portion of the slot from each side not only allows a
15 narrower slot width than sand drilliné élone, but can also form a slot of much
better quality. For example, a slot that is sand drilled entirely from the backside
creates stresses on the underside of the thm film layer on the front side of the
substrate before “breakthrough” occurs. Breakthrough is the moment when the
entire thickness of a given portion of the substrate has been removed. When
20  breakthrough occurs at the thin film side, large stress forces can often weaken the

substrate and associated microelectronics, and often can, when completed by sand

drilling, cause large chips of at least about 45-50 microns to be broken from the



‘'substrate before "breakthrough”" occurs. Breakthrough is the nonment when the
entire thickness of a given portion of the substrate has been renopved. Wen
20 breakt hrough occurs at the thin filmside, |arge stress forces can often
weaken the substrate and associ ated microel ectronics, and often can, when
conpl eted by sand drilling, cause Iargp chi ps of at Ieast about 45-50
mcrons to be broken fromthe 18 sides of the slot. This chipping often
hinders the print quality of the die. In one particular enbodi nent, when

| aser machining is conducted first from the first side through about one

hal f of fsgglsyf?éﬂe%ep&@aﬁg@h pOfiEn Hih@éps'the pARcqiflity oF g glecur s general Iy

in the m t he Consequently, chipping is 5 both reduced at
this md |ocati and |ess tlcal when on.the thi,n fil
it/ sur f ace. 1RaRE pamcular aRbedigigbdrheh st wacEhing s sopdhcted st from

susceptible to stress induced breakage when the breakthrough occurs toward

t he cent gie fifstside theought abiue one hhlfalfithe subsitase) breakthrioughdndmdhesedond! aser
machi ning can create trenches with much I ess variation than sand drilling.

Irnnc(r)?)ﬁsegg% cggltsktg dﬁ@@éa{f&on an ggﬁle e?ﬁ%ﬁ@%ﬂ% {Hp?]'t?g)clrjz)ng of
eapech al boUveRgY &t G T aaRRny wgppagmm 3 0B11he Uh 8% Sel y f or
trench can be advantageous to printer function. The |aser also allows
I ncr easegdidessurfiace oFuithet, gtk esttaément the sibstratesie 1¢3s gnsecdptibde aastrdss 15
advant ageous and will be discussed in nore detail below The laser cutting
Process §fueRbrediGEk Shen Mk bréakthildughl foa% HFArdtHY Rhid} of the
substrate’s thickness. Also, in this embodiment, laser machining can create
trenches with much less variation than sand drilling. In one embodiment, laser
10 machining can cut a trench within about 7 microns of a desired location and can
have less than about 4 microns of variance along a given laser cut trench. This
small variance can be especially valuable on the thin-film portion where such a
precisely formed trench can be advantageous to printer function. The laser also
allows increased variation in trench shape. Both of these properties can be
15 advantageous and will be discussed in more detail below.
The laser cutting process is very precise, but its efficiency can diminish
when making deep cuts, such as cutting 5111 the way through a substrate from one
side. By laser cutting a portion of the trench from one side in combination with
removing material from the other side, the advantages can be increased and the:
20 disadvantages reduced.

Figs. 9a-9h show an exemplary embodiment, where the laser is used to

make a stair stepped or graduated trench from one side after a first trench is made



‘when maki ng deep cuts, such as cutting all the way through a substrate from
one side. By laser cutting a portion of the trench fromone side in
conbination with renoving material fromthe other side, the advantages can
be increased and the- 20 di sadvantages reduced. Figs. 9a-9h show an

exenpl ary enbodi nent, where the | aser j¢s used to nmke a stair stepped or
graduated trench fromone side after a first trench is nade 19 fromthe
other side. In Figs. 9a and 9b substrate material has been renoved to form
a trench 802a through the second surface 612. In this enbodi nent, sand

dril i ng frean theidbiber gdd, t hough as descri bed above, other techni ques can
forma satisfactory 5 trench. In this enbodinent, Figs. 9c¢-9d show a

partially for -seeand ;tyiengh 4a _ f.0 by | aser hi ni fromthe
Prrst "side o108 HifE SBa0g " TRanal Bawial B bedh s veq Wigadtoncha 1 n' ¢ ne
enbodi mrent of Figs. 9e-9f, the |l aser beam has renoved additional 10

mat er i al 802athrongh the secondrsusface 612+ Ire this bmbodiment| sartddrillimgbwas ment, this
second |aser renoval step has increased the depth x of the trench 804a. In

t hi nmb Hgg t . ' . { i dth w2
eal:?\ gf i |C‘${ %?gﬁggﬁ%ﬁﬁ%?&g%ﬁ% %?ﬁll—lﬁgés cﬁ’gc.g%@gﬂnges in
trench di nensi ons can be achi eved by, anong other things, changing the

pat-t ePn @ienﬁbotpri nt that the 15 | aser beamtraces on the substrate.
Various other configurations will be discussed

In this embodiment, Figs. 9¢-9d show a partially formed second trench 804a

formed by laser machining from the first side 610. The second trench 804a has
length |; and width w;.
In the embodiment of Figs. 9e-9f, the laser beam has removed addiﬁonal
10 material from the first surface of the substrate. In this embodiment, this second
laser removal step has increased the depth x of the trench 804a. In this
embodiment, the newly removed pdrtion has a length 1, and width w, each of
which are less than l; and w; of Figs. 9c-9d. These changes in trench dimensions
can be achieved by, among other things, changing the pattern or footprint that the
15 laser beam traces on the substrate. Yaﬁous other configurations will be discussed
in more detail below.

Figs. 9g-9h show the results wherg the laser beam has removed additional
substrate material from the thin film side to form a finished trench 8045 and a slot
604e. This technique has created a stzﬁr step configuration or pattern as can be -

20  seen in the alternating vertical and horizontal surfaces comprising the laser
machined trench in these Figs.

Though only three distinct stair steps are shown, other exemplary



in nore detail below Figs. 99-9h show the results where the | aser beam has
renoved additional substrate material fromthe thin filmside to forma
finished trench 804a and a slot 604e. This technique has created a stair
step configuration or pattern as can be 20 seen in the alternating verti cal
and horizontal surfaces conprising the, aser nmachined trench in these
Figs. Though only three distinct stair“Steps are shown, other exenplary 20
enbodi ments can have any nunber of steps or graduations. In sonme exenplary
enbodi ments, the nunber of graduation can be such that individual steps

becone  aribsdimemREEAERAVAS nitnBér of stéfs dr SadEiinsaNalsbale y

enbodi nent utilizing a stair-step or graduated | aser machin rench in
a substrate havin I croekectroni,cs. incofrporated uppn jt. Fi 10a shows a
i ow 1 r onpeiiiebf, T R hf EfEion BSEhE S Fat HEBTIdyal sieesbedased r oni cs
1001 incorporated thereon, in one enbodinent. A |aser beam has made a

first cutalmostimperoeptiblehe thin fil msurface 610 of the substrate to
partially 10 forma trench 802f in this enbodinment. This first cut has

damaged subst rgge 10%RI6 idw iaﬂotl%?éié&;%o 49m'bBﬁgﬁéﬂt ddiizﬂgt% sﬁgﬁg@gggg“t-

Thi s damaged or ""heat affected zone" can be cause ot her

energy fromthe,laser beam, that .damages suyrrounding substrate materi al
and/ of i n%léqq%cuafsgmr@gﬁmfﬂ&gnc {0 eéHgS%ei’avmra&éeﬁgcwmpﬁmt t he heat

affected zone especially where any portion of the
incorporated upon it.

Fig. 10a shows a view from above the thin film side of a substrate having
microelectronics 1001 incorporated thereon, in one embodiment. A laser beam has
made a first cut 1002 through the thin film surface 610 of the substrate to partially

10  form a trench 802f in this embodiment. This first cut has damaged substrate
material in proximity to the cut in this embodiment. This damaged or “heat
affected zone” 1004 can be caused by heat and other energy from the laser beam
that damages surrounding substrate material and/or microelectronics. Thus, it can
be advantageous to limit the heat affected zone especially where any portion of the

15  microelectronics is within it.

The embodiment of Fig. 10b shows a cross-section taken along line c-c of
the substrate shown in Fig. 10a, and Sho?vs the relatively deep but narrow first cut
1002. As illustrated in this embodiment, the trench is generally rectangular, and in
this particular embodiment, the sidewalls of the trench are generally orthégonal to

20  the first surface 610. Fig. 10c is an embodiment that shows the results of a second
cut 1006 that removed additional material, in a process after the formation of the

substrate shown in Fig. 10b. It will be noticed that this second cut increased the



‘15 mcroelectronics is wwthin it. The enbodinent of Fig. I Ob shows a
cross-section taken along line c-c of the substrate shown in Fig. 10a, and
shows the relatively deep but narrow first cut 1002. As illustrated in
this enbodinment, the trench is generally rectangular, and in this
particul ar enbodi nent, the sidewalls of, the trench are generally orthogonal
to 20 the first surface 610. Fig. I Oc is an enbodi nent that shows the
results of a second cut 1006 that renoved additional material, in a
process after the formation of the substrate shown in Fig. 10b. It will be

noticed tfBaiprinkbof tHeSsatidilg formhed treaciebut it tRe depthO TR thif enftfodimenO@id i al | y

formed trench but not the depth. In this enbodinent, the trench has
alternatin neral |y .hori zontal, and ner,al | ertical syrfaces that can
create a@%@ﬁ%@ﬂaﬁﬁpﬂﬁﬁpf’ y mﬂ@ﬂgaﬁﬁpﬂgaspé?ﬁaﬁe&%ll 5@%@’@4&?% a plan
viewin Fig. 10 at a subsequent step in the process of the current

enbodi merteats a\stdpped eobfigusations €rhis vonfigwratioh 2ah bbséenfrom gplan Wewshows a
further cross-sectional view of this enbodinent taken along line d-d in

erboct monie ke XhpSRERE 4D 1R ThL bhokes pfedufipl R Bhsiiins SREN A g o °

W thout increasing the depth. This enbodi nent further contributes to the
st eppéd ﬂ@ﬁ@éﬁﬂdilgunmeidﬂﬁallbge@dﬂi ng an additional step fromthe previous
enbodi nent shown in Fig. 10c. The enbodi nent of Fig. 10e returns to the

top side vi eWF@é. dshotvsCafunthidt crédisseetldhali view W this @nfbvddmenetalled hi rd cuts.
It can be seen 1n the enbodi ments shown .

along line d-d in Fig. 10e. Fig. 10d shows the results of a third laser cut 1008. In

this embodiment, this cut further increases the footprint of the trench 802f without
increasing the depth. This embodimer;t further contributes to the stepped

10  configuration by adding an additional step from the previous embodiment shown
in Fig. 10c.

The embodiment of Fig. 10e returns to the top side view of Fig. 10a with
the addition of the second and third cuts. It can be seen in the embodiments shown
in Figs. 10d and 10e that much of tﬁe heat-affected zone made by the first laser cut

15  has been removed by the subsequent cuts.

In this embodiment, the heat affe_cted zone caused by the first deép narrow
trench did not extend into the nearby niic:roelectronics 1001 and much of it was
removed in the subsequent steps. In one embodiment, the subsequent cuts remove
most of the damaged material without creating a significant additional heat

20 affected zone, because any heat generated can dissipate into the first cut and the

ambient air rather than the adjacent substrate, among other reasons.



in Figs. | Od and | Ce that nmuch of the heat-affected zone nmade by the
first laser cut 15 has been renoved by the subsequent cuts. In this

enbodi ment, the heat affected zone caused by the first deep narrow trench
did not extend into the nearby mcroel ectronics 1001 and nuch of it was
renoved in the subsequent steps. In one enbodi nent, the subsequent cuts
remove nost of the damaged material w2 hout creating a significant
additional heat 20 affected zone, because any heat generated can dissipate
into the first cut and the anbient air rather than the adjacent substrate,

anong ot her r I odi nent an_renove. damaged
substrate nat gﬁgﬁ%ﬁa&’@gﬁgﬁéﬁ?k%éﬂgggee@%ﬁ%etfﬁéﬁa (ORI backsi de
that intercepts the first trench associated with the danaged substrate
mat eri al 100 by sand dodling aseeonshwenedy fromnthe bavkside that interdeptsthetfisthini que
descri bed above with respect to the 5 enbodi rents shown in Figs. | Cc- |

Od. For exenclhssochited whthGhe daniped Bubstrdte shdieidl. qfhiébﬁxsgeéhéa edgpi ct ed

in Fig. 10d with a second trench 804f partially fornmed fromthe Second

surface ol O | hows, one enbodi t of ..the s ubstrate right
after brgéé?tﬂf’ “Eﬁnﬁggh °cﬁFP%ﬁ“8{%°§‘Hﬁ?‘%rﬁ?XFmeegggaﬁ?e of the
substrate's thickness. Fig. | Qg is an enbodi nent where the second 10
trench 8Gmboﬂa'selyéﬁb¢‘émlly%ogmd@0e10dalﬂwammpée,tﬂig. t0frshowsranch 804f has a
stair step configuration. Fig. I Ch shows an enbodi nent having further

subst r at embBHRhéR| of tREBYISHratOWepibRdSATg A10d With% d¥c8a& Bench Bokfi S exenpl ary

enbodi nent, sand drilling was
partially formed from the second surface 612. Fig. 10g shows one embodiment of

-

the same substrate right after breakthrough has occurred at approximately the
middle of the substrate’s thickness. Fig. 10g is an embodiment where the second

10 trench 804f has generally concave walls while the first trench 804f has a stair step

configuration.

Fig. 10h shows an embodiment having further substrate material removed
by the sand drilling process. In this exemplary embodiment, sand drilling was
used to remove damaged substrate material and clean up the slot 604f. This

15 embodiment can be advantageous since breakthrough occurred away from the
microelectronics and thin film surface. In addition to removing damaged substrate
material, the sand drilling of this embodiment was used to further configure the
slot 604f. In this exemplary embodiment, the sand drilling process was continued
after breakthrough to achieve a smootl;er more uniform slot. The sand drilling -

20 process can also be utilized to control the final width of the slot in another
embodiment. The described embodiments can provide a slot that has an aspect

ratio that is favorable relative to a slot formed by sand drilling alone. In one



‘used to renove damaged substrate material and clean up the slot 604f. This
15 enbodi nent can be advant ageous since breakthrough occurred away fromthe
m croel ectronics and thin filmsurface. In addition to renoving danaged

substrate material, the sand drilling of this enbodi mrent was used to

further configure the slot 604f. In this exenplary enbodi nent, the sand
drilling process was continued after 28reakthrough to achi eve a snoot her
nore uniformslot. The sand drilling 20 process can also be utilized to

control the final width of the slot in another enbodinment. The descri bed
enbodi nep an nrovide a.slot that.has an aspect ratip that i.s favorable
ol at i veotBodiled i fofetls Stneeh Tariq B VAT stronget SHEStze aafigem non
this favorabl e aspect ratio can provide a stronger substrate and can

m ni nmi zemitimize the totalqproeessing timewf sfot fomatiar amd thus nainémizeusostri ni mi ze
cost. The enbodi ment of Fig. 10h can additionally be beneficial in

preventing thepe @ﬁfb‘éﬁﬁhéﬁﬁ]@}gg; }é’ﬂ'&m Qﬁbﬂnmbé bgﬁeﬁc-{&ﬁn];{%éwvlg; of

bubbl es can result fromt urd ejection process.

bubbl es can ogcl.ude_.fluid frgm reachipg the firing chanbers and hence
cause pr‘i“'r?f‘&“ﬁﬁ%?q Bﬁg‘éﬁﬂﬁﬁqg‘e -&i’e ﬁg’éﬂ’é’f"%io&lb“bg]&’é can eAudtsframtthe enai n i n
proximty to the inlets of the fluid feed passageways or any other region

of tlife ffluidiejéetioh plostsswhén acturaylationlof babblés canocolkde Yigd filom d supply to
the firing chanbers. 10 In sone enbodi nents, bubble accumnul ati on has

D SR Bl oy TR RSB ARG, S 865 e 1
The pr evliae%léls‘ilc}/al ?l?ast ru&)%ﬁ:% n%rtﬂ;gx(rjlialrrrlg irrlltpsro;(:i(;‘rrllit}(il Itcl) t%vt\sl iil]r:fzet:s of the fluid feed
passageways or any other region of the fluid feed slot where they could hinder or
occlude fluid supply to the firing chambers.

10 In some embodiments, bubble accumulation has hindered previous attempts
to make a front side trench that was substantially longer or wider than the backside
trench that supplied it. The previously described embodiments can allow the
backside trench to be shorter than the front side trench without having gas bubbles
accumulate in the slot. Specifically, recall that, as shown in the embodiments Figs.

15  9a-9h, the substrate is effectively upside down from the configuration in which it is
commonly used. In this embodiment, the stair step configuration can eliminate
areas where bubbles would otherwise tenfi to accumulate. Specifically, in this
embodiment by having multiple narrow shelves, bubbles that tend to form during
the fluid ejection process tend to migrate or disperse into the backside trench away

20  from the thin film side.

The stair step configuration can be utilized on both the width and the length

as shown in the embodiment of Fig. 10e. Alternatively, a stair step configuration



backside trench to be shorter than the front side trench w thout having gas
bubbl es accunulate in the slot. Specifically, recall that, as shown in the
enbodi ments Figs. 15 9a-9h, the substrate is effectively upside down from
the configuration in which it is commonly used. In this enbodinent, the
stair step configuration can elim nat areas where bubbl es woul d ot herw se
tend to accunul ate. Specifically, in this enbodinent by having nmultiple
narrow shel ves, bubbles that tend to formduring the fluid ejection
process tend to mgrate or disperse into the backside trench away 20 from
t he thi rahibeNiséd @@.onl} theSlenpth 61t the veidtH.| Bor eddniple CaBomgo wWidthedn®e bot h
the wdth and the length as shown in the enbodi nent of Fig. 10e.

Al ternatj ve stai.t. st c Laurat i 4 .can be. d,on only the

engt n Gaipiplnef i ubiple ERer it bt b O Afse Rt Rkt 368 1ebbeBReskeq T or
multiple laser cuts that formthe first trench while the lengths are nmade
pr ogr es smads| progtessively shorteriogdonges asdesiredi. The stair step or graduated
configuration of the enbodi nent shown in Figs. 5 10g and 10h are two of

t he possible s | &ggg‘{rg Pl renmoved
fromthe subg?fregdelgt egfsdrﬁé?deﬁgq ?\g e gﬁ?ﬁ%@ﬁ@“ﬁ%@?éﬁ%ﬁgﬁhw&

manuf acturing cost and tjpe. In sone_enbodi nents, other configurations can
al so” r ed{igan e tﬂ@&fﬁﬁ:ﬁ?? ?Wﬁggﬁra&?ﬂé(ﬁhmﬁq‘%ltﬁ@é}nqmtaﬁdi tion to
the stair step 10 configuration, contoured and tapered configurations,
among okflizoa.removed fromktite substrgte thid ircrédsihg divstrengticaeddeaessiggbodi nent
where a | aser beamforned a .

manufacturing cost and time.

In some embodiments, other configurations can also reduce bubble
accumulation. These embodiments include, in addition to the stair step
10 configuration, contoured and tapered configurations, among others. For example,
Figs. 11a-11b show an exemplary embodiment where a laser beam formed a
contoured trench that can reduce bubble accumulation in the slot. |
Referring now to Fig. 11a, a laser beam has formed a first contoured trench
802g of length 1, in the thin film side 610 of the substrate 606 in this embodiment.
| 15 This trench is shallowest toward its peripheral edges or region 1102 that define the
borders of the trench at the thin film surface and is deeper in a central region 1104.
Fig. 11b shows an embodiment of §ubstrate 606 that has a second trench
804g formed from the backside and intercepting portions of the first trench to form
a slot through substrate 606. In this embodiment, the backside trench 804g
20 intercepts the central region 1104 of the first trench 802g. In this exemplary
embodiment, the first trench 802g has a maximum length 1, that is near the first

surface 610. The second trench 804g also has a length 1, where it intercepts the



‘contoured trench that can reduce bubble accunulation in the slot. Referring
nowto Fig. | la, a |laser beamhas fornmed a first contoured trench 802g of
length 11 in the thin filmside 610 of the substrate 606 in this

enbodi ment. 15 This trench is shallowest toward its peripheral edges or
region 1102 that define the borders of the trench at the thin filmsurface
and is deeper in a central region 110% Fig. | |b shows an enbodi nent of
substrate 606 that has a second trench 804g fornmed fromthe backsi de and
intercepting portions of the first trench to form a slot through substrate

606. In I de trench 804g 20 intercepts the central
region 1 g&ec-)fﬁ{)g@%”ﬁr}iqs H{gﬂgﬁﬁ%ﬁ In this exenplary enbodinment, the
first trench 802g has a maxi rrumlength 11 that is near the first surface

610. The secoNten thmfitstseaghas fumedsonthedhin film sidenbesontourader cept s the 25

first trench 802g in this enbodi ment. Wen the first trench is forned on

the thin E,Eg{cltafsﬁogxe Cof thizCeriBodigtene an ﬁﬂfﬁv' the bakside RéndHiobemiieH shBAEr Can

al |l ow t he trench to be nuch shorter t han the thin filmtrench

accum dhenle i bl SRR sl Bisioing S8R IR HoS T eGP rachi nea

trench 11 can be at |east about 200 percent the | ength 12 of second trench

80495 | rbubble anchouilatiort., Imar exernpkarylembodimént; thetlengthifghé lasennt | y | onger
than the backside trench can all ow the backside trench to be forned faster

Pnce, L FaRfend chn Sl s b khghfor ot i
804g.

In one embodiment, a front side trench that is significantly longer than the
backside trench can allow the baclm'de trench to be formed faster since the amount

10  of substrate material that is removed in the longitudinal direction in forming the
slot can be reduced. Additionally, since less substrate is removed, the remaining
substrate of this embodiment is structurally stronger and less likely to break when
incorporated into an end use product such as a print cartridge. Also, since the
substrate is stronger in this configuration, the slots can be placed closer together on

15  the substrate thus allowing for decreased material costs.

In some exemplary embodiments, the thin film trench can have a minimum
depth at the peripheral edges 1102 to ensure adequate fluid flow to the various
fluid feed passageways 620 and ejection chambers 622 (Fig. 7) supplied by the
slot. In some exemplary embodiments, this minimum depth can be about 10

20  microns.

In other exemplary embodiments, the peripheral region of the thin film

trench can also be configured to allow the various fluid feed passageways to be of



‘sl ot can be reduced. Additionally, since |less substrate is renoved, the
remai ning substrate of this enbodinment is structurally stronger and | ess
likely to break when incorporated into an end use product such as a print
cartridge. Al so, since the substrate is stronger in this configuration
the slots can be placed closer togethgr on 15 the substrate thus all ow ng
for decreased material costs. In sone exenplary enbodi nents, the thin film
trench can have a mninmum depth at the peripheral edges 1102 to ensure
adequate fluid flowto the various fluid feed passageways. 620 and

ej ect i ouniformiength ead/or gegmeny Gomghe slot ity thenadivgdual finpg shambes@| ar y

enbodi nents, this mnimum depth can be about 10 20 m crons. |In other

exepl afy R 4GEl0 BA g g el B BIother) By ¥uply | Bor bbiniplel  Shelfr ench can

al so be*contigure w the various fl'uid fleed passageways to be of 26
uni form |l ength, and/.or_geonetry fromthe slot to,the.indLvidual firing
chanber pesion qf P%ﬂé@gﬁp%cgéag@&ﬁ’iﬁbﬂﬁ%&%t&%&#ﬂ%ey suppl y. For
exanple, a shelf portion of the thin filmtrench can be fornmed that

provi degorfipvration.f Betausedasdranactiniag. is Be peecise, hdditionabebodingerits cam
preci se, additional enbodinments can 5 provide fluid feed passageways, that

Foatr caroyie i it ipeasdiav Bl ok S afrina REE e R esPEE s hape o
trench 802g illustrated in the enbodinents Figs. 1 1 a-11 b can be
achi evekinown bengths. Thesesfeatires gan allowiiingressedpomt deadpeformance.f ocus of the
| aser beam can be adjusted so that the part of the beamstriking a nore
The contoured shape of trench 802g illustrated in the embodiments Figs.
11a-11b can be achieved with many satisfactory techniques. For example, the
focus of the laser beam can be adjusted so.that the part of the beam striking a more
10 central area of the slot receives greater energy than the portion striking more
peripheral areas. Additionally, or altemaﬁvely, the speed at which the laser beam
is passed over the substrate can be adjusted as desired. For example, the laser
beam can be slowed over the central areas of substrate and sped up over the
peripheral areas to create varying depths as desired.
15 Satisfactory embodiments of laser trenches can be made in many ways. For
example, Figs 12a-d show an exemplary embodiment in which a stair stepped
configuration is achieved by tracing the la:ser beam over the substrate in a multiple
cookie cutter pattern. The embodiment shown in Fig. 12a is a view from above the
first surface of a substrate, similar to Fig. 10e. The trench 802h depicted in the -
20 embodiment of Fig. 12a is basically a trench 1203 within a trench 1205 within a
trench 1207. In one embodiment, this configuration can be achieved by passing

the laser beam over the substrate following the multiple cookie cutter shapes or



‘10 central area of the slot receives greater energy than the portion
striking nore peripheral areas. Additionally, or alternatively, the speed
at which the |aser beam is passed over the substrate can be adjusted as
desired. For exanple, the |laser beam can be sl owed over the central areas
of substrate and sped up over the peripheral areas to create varying
depths as desired. 15 Satisfactory enbodi ments of |aser trenches can be
made in many ways. For exanple, Figs 12a-d show an exenplary enbodi nent in
which a stair stepped configuration is achieved by tracing the |aser beam

over th t [ ' he. e | ment
shown ig,aéggl.% (&%\9}139 g%\t/tlgg\l;\} % rgo%zoszggéh’[%rg&li?ﬁ's s%%%@gggﬁlgd‘ggs) %trate,

simlar to Fig. 1 Ce. The trench 802h depicted in the 20 enbodi nent of Fig.
12a i s lugershapgs are shayvemindroidually in Higs. d2brd@d- 1205 within a trench 1207.
I n one enbodi nent, this configuration can be achieved by passing the |aser

beam over thqhpyokicéifttdr@hhped Showin il éhBbdintea® kicresttnkflarSha@pes or 27
patterns (shown as dotted lines) 1202, 1204, and 1206. The correspondi ng

cookie _cut shapes.are.showa i ndividual ly.in Figs. 12b-12d. .The cookie
cutter I e‘gﬁ’g'h P W?“‘?@gtfm%%aiéﬁ?pcgrcén%%ﬂ?ﬁﬂj%%arfheostﬂeegr?gny ot her
shapes including elliptical shapes can al so be used. The speed of 5

nov efrenmovemenisintgnsitynand faous ofthe laser beam cae henheldcanstang od admstedant  or
adjusted as desired to achieve a given configuration in alternative

enbodi magidesiréd fecdchiéviel £51ven Confighfiionsn uiRehdtive chtitidimenss. @ desired trench
configuration. For exanple, Fig. 13 shows an exenplary |aser path as

dotted line {iRZ SaQtetrrrl]seceIﬁ 4136 be used for achieving a desired trench configuration.

For example, Fig. 13 shows an exemplary laser path as dotted line 1302 on the first
side 610 of the substrate 606. The laser path in this embodiment is an expanding

10  pattern that can remove substrate in a rectangular configuration to form a ﬁrst
trench. Those of skill in the art will recognize other satisfactory embodirﬁents.

The illustrated embodiments havé been generally symmetrical; however,

such need not be the case. For example, Fig. 14 is a cross-sectional view taken
transverse the long axis of a trench similar to the view shown in Fig. 8f. This

15 exemplary embodiment shows a cross-section of a width of a slot 604i that is
defined by a first trench 802i and a second trench 804i. In this exemplary
embodiment, the first trench is asymmctrigal in the sense that relative to or about a
plane into and out of the page that is orthogonal to the first surface 610 and that
bisects the cross-section of the trench, the portion of the trench on the left side of

20  the plane does not match that on the right. The described plane passes through
dashed line e that is shown in Fig. 14 as a reference. It can be seen from the

drawing that substantially more of trench 802i is on the right side of line e through



‘side 610 of the substrate 606. The |aser path in this enbodinent is an
expandi ng 10 pattern that can renove substrate in a rectangul ar
configuration to forma first trench. Those of skill in the art wll
recogni ze other satisfactory enbodi nents. The illustrated enbodi nents have
been generally symetrical; however, mich need not be the case. For
exanple, Fig. 14 is a cross-sectional view taken transverse the |long axis
of atrench simlar to the view shown in Fig. 8f. This 15 exenplary

enbodi nent, shows a cross-section of a width of a slot 604i that is defined

by a fi metich thewsference plang passesdbariis onthenleSeade. Inrthisimb
enbodi nent, the first trench is asymetrical in the sense that relative to

or aboutpoftioPbfhe slotien4R s tHelefobf liie eld@enéraRy plahaf hhd the first
surfacetp610 and thsat bi sects ?he croses-gggtio%pof t he tgragﬁl3 I,lélﬁﬂe portion

of the trepch on.the |left side. of t he plane. does nat matfch th on the
i ht . PG siacs dhsredsA paiabiof the ko B3 ciebyor fedin ¢ Ingenesibionn i
Fig. 14 as a reference. It can be seen fromthe draw ng that substantially

nor e of conitonedd.802i is on the right side of line e through 28 which the
ref erence plane passes than is on the left side. In this enbodi nent, a

portion of tRhe slqt 6041 ;on..the legfkt qQf: Line e is generall. l.anar and
or t hdgonal tglmlslﬁ‘gy £ F§P%WP§BE?F&}€E%£@’°§’%?P§% C&Pﬂi?lh\egg’f)%m%n t he
right of the line e is generally contoured. 5 Simlarly, the enbodi nent of
Fi g. 15thehlong axiscofothe sboti0dpn i this exemplany entbodithentgthexfirst trén¢th802j1 ot 604 .

In this exenplary enbodinent, the first trench 802 1is asymetrical in the

sense t falsyhfth@lricUPin the SendPMhidt rélatb&RFor AWdht 3 pariihtPind 8t of the
paée that is orthogonal to the first surface 610 and that bisects the cross-section of
the trench, the portion of the trench on the left side of the plane does not match that
10  on the right. Dashed line f'is provideci as a point of reference through which the
described plane passes. In this embodiment, a portion of the slot 604j on the left of
line f has a contoured configuration whereas a portion of the slot 604j on the right
is generally planar and generally orthogonal to the first surface 610. Other
satisfactory embodiments can comprise a combination of various areas of
| 15 symmetry and asymmetry as well as offsetting the first and second trenches in

relation to one another.

CONCLUSION
The described embodiments can provide methods and systems for forming
20  slots in a substrate. The slots can be formed by laser machining from a first
surface and removing material through the use of various techniques from a second

surface. The slots can be inexpensive and quick to form and have aspect ratios



‘page that is orthogonal to the first surface 610 and that bisects the
cross-section of the trench, the portion of the trench on the left side of
t he pl ane does not match that 10 on the right. Dashed line f is provided as
a point of reference through which the described plane passes. In this
enbodi ment, a portion of the slot 604] on the left of line f has a
contoured configuration whereas a portion of the slot 604) on the right 1is
general ly planar and generally orthogonal to the first surface 610. O her
satisfactory enbodi nents can conprise a conbi nation of various areas of 15

symet r ; YeXiBid, a f S et .y tdaﬁ# renches
in rel g;[ ogﬂt%?)l one %tg?ﬁggﬁg&%gl%wfﬂgd%%?%b%di e o%?‘ﬁrrlg%grscan
provi de, mret hods and systens for formng K 20 slots..in a substrate. The slots
can be bw@wyepﬁwh%@ﬁnﬁm g} 1R e die aghibeandalow siels foBe mat eri al
t hrough the use of various techniques froma second surface. The slots can

be i nexpesitioned clodertogethet onfthe dieand have aspect ratios 29 higher than
exi sting technol ogi es. They can be nmade as | ong as desirabl e and have

benef i ci al Pt ' L . d al |
Sl ots t o be MEBHEH YETANEALE ra bes, hARkbERT LAHAE: SHetins BuRdinTC T on
has been described in_| anguage specific to structural . 5 features and

met hbdofeagires and megthodalogical stephdt istabedindststagdhthat the invontion definrd | ned i n

t he appended clains is not necessarily limted to the specific features or

steps fftheappended elaiing is Adthesosatily kmitedito esspueificfRires bf siepscl osed as

preferred forns

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

of implementing the claimed invention.

10



-of inplementing the clained invention. 10 30 Wiat is clainmed is: 1. A

nmet hod of formng slots (604) in a substrate (606) having opposing first
(610) and second (612) surfaces conprising: making a | aser cut through
either the first or second surface of the substrate (606) sufficient to
forma first trench (802); and, 5 renoving material (804) through the other
of the first and second surfaces of theosubstrate (606) effective to form

in conbi wgdd 98 W the$Faisd | aser cut, a slot (604) at |east a portion of
whi ch passes, entjrely through the substrate (606 and _ wherein said slot
(604) his arfd Zagibe Orfaftprr@ng& slots (6441 @ sulsimate (%Qﬁ)lhavmg 2pposiagriitshod of
claim1, wherein said renoving (804) conprises one or nore of. |aser

machi ni(‘@\,,(\)%&ﬁd(ie&ﬁﬂd (6129 sutfayesésfipfigingand wet etching. 3. The method of
claim1l, erein said making a laser cut forns a first trench (802) having

a shape that_facilitates bbl e di spers uring fluid ejection. 15 4. A
fluid ejecti m?iaese{ f}{%ﬁrﬂg&l ﬁbtﬁgr @83@‘?83{ ¥C B@é}“’fgﬁ? ﬁgah‘? . dance
with the method of claim1l. 5. A nethod of forming fluid handling slots
(604) i h08) sefficentdodoum asfitst treack (802); 46d)6) havi ng a t hi ckness defined by
athin filmside (610) and a backside (612) conprising:
5 removing material (804) through the other of the first and second surfaces
of the substrate (606) effective to form, in combination with said laser cut, a slot

(604) at least a portion of which passes entirely through the substrate (606), and

wherein said slot (604) has an aspect ratio greater than or equal to 1.

10 2.  The method of claim 1, wherein said removing (804) comprises one or more

of: laser machining, sand drilling, dry etching, and wet etching.

3.  The method of claim 1, wherein said making a laser cut forms a first trench
(802) having a shape that facilitates bubble dispersal during fluid ejection.

15
4. A fluid ejection 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
20  (606) having a thickness defined by a thin film side (610) and a backside (612)
comprising:

laser machining into the semiconductor substrate (606) from the thin film



‘l'aser machining into the sem conductor substrate (606) fromthe thin film
31 side (610) to forma first trench (802); and, renoving seni conductor
substrate (606) nmaterial fromthe backside (612) to forma second trench
(804), wherein at |east a portion of the first (802) and second (804)
trenches intersect to forma slot (604) through the sem conductor 5
substrate (606). 6. The nethod of claim4, wherein said | aser nmachining
forms a first trench (802) at |east portions (1102) of which are

configure | | ow buhbl es t 1.9y at away fromthe thin filmside (610).
10 7. Tﬁ@%@?ﬂﬁw g?mb? ' tﬂ‘?nc\%f{gbgf’ﬁm aid |aser machining forms a first
trench that is asymmetrical (802i). 8. A nethod of formng a fluid

handl i ng sl oteri60it)g semiaonéudtopsubsttiter (OGP atatarial frdrh thé Backside/(612) a
t hi ckness between first (610) and second (612) opposing surfaces "and

m cr oel ' ' rislpg: at-l 1th,a | aser
machi ni ﬁg%pr?}gégggdﬂa&%%@@gﬁéﬁ&%%@%%ﬁ ﬁ%@gngyﬁ%gﬁ%}gépﬁr%bst rate
(606) within one of the first and second surfaces; and, formng a second
trench teomd (8A4) Henchasiiatarsked to foroup stot §6@4) thomghshetsemiesndustorot her of
the first and second surfaces, wherein at |east portions of the first and

second hil@begc0@i N together to forma slot (604), wherein the naxinum
width of the slof is about 50 percent or |less of the thickness of the

substrate (606).

6.  The method of claim 4, wherein said laser machining forms a first trench
(802) at least portions (1102) of which are configured to allow bubbles to migrate
away from the thin film side (610).

10
7.  The method of claim 4, wherein said laser machining forms a first trench

that is asymmetrical (8021).

8. A method of forming a fluid handling slot (604) in a semiconductor substrate
15  (606) having a thickness between first (610) and second (612) opposing surfaces
and microelectronics integrated thereon, comprising:
creating, with a laser machining process, a first trench (802) in the
semiconductor substrate (606) within one of the first and second surfaces; and,
forming a second trench (804) in the semiconductor substrate (606) within
20  the other of the first and second surfaces, wherein at least portions of the first and
second trenches join together to form a slot (604), wherein the maximum width of

the slot is about 50 percent or less of the thickness of the substrate (606).



32 9. The nethod of claim8, wherein creating a first trench (802)
conprises creating a first trench (802) that passes through about 25
percent to about 75 percent of the thickness of the substrate (606). 5 10.
The nethod of claim8, wherein the act of formng a second trench (804)
occurs after the act of creating the first trench (802).

32

9. The method of claim 8, wherein creating a first trench (802) comprises
creating a first trench (802) that passes through about 25 percent to about 75

percent of the thickness of the substrate (606).

10.  The method of claim 8, wherein the act of forming a second trench (804)

occurs after the act of creating the first trench (802).



