5 October 2006 SLOTTED SUBSTRATES AND METHODS AND SYSTEMS FOR FORMING SAME
BACKGROUND [00011 Inkjet printers and other printing devices have become ubiquitous in society.
These printing devices can utilize a slotted substrate to deliver ink in the printing process. Such printing
devices can provide many desirable characteristics at an affordable price. How Yifncrtbgérez%ggire for
more features and lower prices continues to presslmanufacturers to improve efficiencies. Consumers
want, among other things, higher print image resolution, realistic colors, and increased pages or
printing per minute. Accordingly, the present invention relates to slotted substrates. BRIEF
DESCRIPTION OF THE DRAWINGS [00021 The same components are used throughout the drawings
to reference like features and components. [00031 Fig. | shows a front elevational view of an
exemplary printer. [00041 Fig. 2 shows a perspective view of an exemplary print cartridge in
accordance with one embodiment. 2 5 October 2006 100051 Fig. 3 shows a cross-sectional view of a
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BACKGROUND
[0001] Inkjet printers and other printing devices have become ubiquitous in
society. These printing devices can utilize a slotted substrate to deliver ink in the
printing process. Such printing devices can provide many desirable
characteristics at an affordable price. However, the desire for more features and
lower prices continues to press manufacturers to improve efficiencies. Consumers
want, among other things, higher print image resolution, realistic colors, and
increased pages or printing per minute. Accordingly, the present invention relates

to slotted substrates.

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

accordance with one embodiment.



accordance with one embodiment. [0008] Figs. 7, 7a and Figs. 8, 8a and 8b each show a
cross-sectional view of a substrate in accordance with one exemplary embodiment. [00091 Fig. 9
shows a top view of a substrate. [00010] Fig. 10 shows a top view of an exemplary substrate in
accordance with one embodiment. [00011] Figs. 11 and 12 show top views of psr%c(iisos sieps of an
exemplary substrate in accordance with one embodiment. [00012] Figs. | la-b and Figs. 12a-b show

cross-sectional E&ygg of proc%ag SRRl AL SR AN PURRY Bl f@ﬂﬂp&?ﬂ'mﬁﬂ bodlment

DETAILED DES ION OVERVIEW [00013] The embodiments bed below in to methods

and systems for, fﬁﬁwﬁ%ﬁ%& égu &g&%ﬁ&%ﬁ%ﬁgaéﬁmgb ftants of this process will be described in

the context of fo ming slots in a substrate that can be incorporated into a print head die or

other fluid ejecti @ ice. [0 Jh com used in rlnth ad dies, the .subsir n comprise a
semiconductor S’lﬁg}ﬁ te thatqf Owrﬁlcrc?glece[ |cz'lsn|§cor %S te gc(‘jo?&%}-:‘%r%m%

deposited over, and/or suppor '{Ir the substrate on a thin-film surface that can be opposite a back
surface or backs 1 ORE GRIRE ot(s) can allow fluid, commonly ink, to be supplied from an ink
supply or reservoir to fluid ejecting _elements contained |n ejyﬁlon chambers thln the print head.

1000151 In som&&WbodimedteSmaO P BPSERGTN G By L8R FE MR ubstrate in

accordance with one embodiment.

[0008] Figs. 7, 7a and Figs. 8, 8a and 8b each show a cross-sectional view
of a substrate in accordance with one exemplary embodiment.

[0009] Fig. 9 shows a top view of a substrate.

[00010] Fig. 10 shows a top view of an exemplary substrate in accordance
with one embodiment.

[00011] Figs. 11 and 12 show top views of process steps of an exemplary
substrate in accordance with one embodiment.

[00012] Figs. 11a-b and Figs. 12a-b show cross-sectional views of process

steps of an exemplary substrate in accordance with one embodiment.

DETAILED DESCRIPTION
OVERVIEW
[00013] The embodiments described below pertain to methods and systems
for forming slots in a substrate. Several embodiments of this process will be
described in the context of forming fluid-feed slots in a substrate that can be
incorporated into a print head die or other fluid ejecting device.
[00014] As commonly used in print head dies, the substrate can comprise a

semiconductor substrate that can have microelectronics incorporated within,



fluid-feed slot to one or more ink feed passageways, each of which can supply an individual ejection
chamber. The fluid ejecting elements commonly comprise piezo-electric crystals or heating elements
such as firing resistors that energize fluid causing increased pressure in the ejection chamber. A
portion of that fluid can be ejected through a firing nozzle with the ejected fluid ?%@ gglq@&ad by fluid
from the fluid-feed slot. Bubbles can, among other 8rigins, be formed in the ink as a byproduct of the

ejection process.,If the bubbles accumulate in id- te lot they:can oc | to some or
all of the ejectiond%%%lsrnltg(g?évgt|r'ici1 nccg%rs%ldmge% %ﬁ(ri:t%%fetlg% S’[%forsﬁg fﬁ%c %%Xlﬁ)agl})r% n %%%E%qr%\é%diment, the
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multiple slots or e trenchcan In the substrate an nec e Mmultiple slots or

holes formed intg the SUPS,E,%% '[)he hOI?Fﬁ‘P%ghe coqwnﬁ)(oundlslot can, re&%iyetjﬂk froggtan ink supply
Rch that ply

and provide ink O the tre cgrsiué)LPp e vaar}ioussl%%peYe%]iiror? champbers. THe comr%pound slots

can be configured to re Suce alfgeb ena(glc%rt'nulac'orrln aerr'g/o{t 1rl(l)rt’rﬁote %Lf%%'ﬁ to migrate out of the
compound slot. § TRERGFPELRT ISP AARST the LhHeeRIE o' Fefhain much stronger than a
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comprises a individual ejection chamber. The fluid ejecting elements commonly comprise
piezo-electric crystals or heating elements such as firing resistors that energize
fluid causing increased pressure in the ejection chamber. A portion of that fluid
can be ejected through a firing nozzle with the ejected fluid being replaced by
fluid from the fluid-feed slot. Bubbles can, among other origins, be formed in the
ink as a byproduct of the ejection process. If the bubbles accumulate in the fluid-
feed slot they can occlude ink flow to some or all of the ejection chambers and
cause the print head to malfunction.

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

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

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



printer 100. The printer shown here is embodied in the form of an inkjet printer. The printer can be, but
need not be, representative of an inkjet printer series manufactured by the Hewlett-Packard Company
under the trademark "DeskJet". The printer 100 can be capable of printing in black-and-white and/or in
black-and- white as well as color. The term "printing device" refers to any type og Brip%nlgz&)%vice and/or
. . . . VUClo . .
image forming device that employs slotted substraté(s) to achieve at least a portion of its functionality.

Examples of 5“C%agi;ﬁgir'}f?o?seé’ﬁ‘&%&%’élg&céﬂﬂ?tré’é’é%ﬁ#%_”gﬂi%f@'o%élﬂgi%rﬁ @Cﬁmﬂslm&hme&

photocopiers, an uid ejecting devices. shows dan exemplary print cartridge 202
that can be used, in;an._exemplary printing device such as pginter 100. The print cartridge 202 is
comprised of thet%%%gaﬁ? Iﬁ%ﬁuglﬁ?ds %qeogaarﬂcpgrg%gabp . Other exemplary configurations will be
recognized by those of skill in the art. [000201 Fig. 3 shows a cross-sectional representation of a
portion of the exemplary print cartridge 202 as shown in Fig. 2. Fig. 3 shows the cartridge body 206

containing fluid 302 fo]%w W(ﬁgﬁf@dﬁ%%ls embodiment, the print cartridge is
configured to supply ore IL [ in ead. 5 5 October 2006 In other embodiments,
as described above, other exemplary print cartridges can, supply multiple colors and/or black ink to a
single print head[%&l] OthEeplittiey siaRiex rﬁtﬂﬂ@%&lﬂ%ﬁ%ﬁﬁ?&%&&é@@&ch of which can
supply a single color or black ink. In this embodiment, a number of different fluid-feed slots 304 are

provided. In this SFRBBAREH ot SHhttated [a s S@&%%ﬁ%ﬁﬂ@%%%ﬂl%@é’é&ﬁﬁed in more

detail below in relation i ) Lo o .
printer 100. The printer shown here is embodied in the form of an inkjet printer.

The printer can be, but need not be, representative of an inkjet printer series
manufactured by the Hewlett-Packard Company under the trademark "DeskJet".
The printer 100 can be capable of printing in black-and-white and/or in black-and-
white as well as color. The term "printing device" refers to any type of printing
device and/or image forming device that employs slotted substrate(s) to achieve at
least a portion of its functionality. Examples of such printing devices can include,
but are not limited to, printers, facsimile machines, photocopiers, and other fluid
ejecting devices.

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

[00020] Fig. 3 shows a cross-sectional representation of a portion of the
exemplary print cartridge 202 as shown in Fig. 2. Fig. 3 shows the cartridge body
206 containing fluid 302 for supply to the print head 204. In this embodiment, the

print cartridge is configured to supply one color of fluid or ink to the print head.



to Figs. 4-12. [00022] Alternatively or additionally to the configuration shown in Fig. 3, other exemplary
embodiments can divide the fluid supply so that each of the three fluid-feed slots 304 receives a
separate fluid supply. Other exemplary print heads can utilize less or more slots than the three shown

here. 1000231 The fluid-feed slots 304 pass through portions of a substrate 30@.(5@ glirsz%gmplary
embodiment, silicon can be a suitable substrate. InSsome embodiments, substrate 5’ 6 comprises a

crystalline SUbs“iﬂt&ﬁgi:Qxﬁﬁoﬂ%@ﬁ&ya%ta@&%ﬁﬂ'@%o@f%%@P&Qﬁx@ﬁ'ﬂ?g jﬁﬁ%@h@tﬂ&%@%&%s include,
among others, gallium arsenide, glass, silica, ceramics, or a semi-conducting material. The substrate

can comprise vay ﬁﬂﬂg fggg S ' ggpf d mg il 'in the art. [00024] The
substrate 306 hag%bil}rpst surpace 3%0%%‘%‘;1%% at é%(she sf% rll?ﬂ%ftmﬁé;d{éecond surface 312. The
described emboefid S can work satisfactorily: ‘with various thigknes { rate, For example, in
some embodim n?szfzme thicﬁﬂn?ggg ré%{rlmn %%%llcf?gr%a elslg?%ﬁgrrln g%lt(g% ?gﬁ %é#ﬁl&é‘t% %%%ég about 2000

microns. Other ex lary embodiments can be qutside of this,range, The 6 5 Octo 2006 thickness
t of the substrat&%p%ﬁr)lgagxseu Pysén Leo%‘l)r{:?(rar?f %g%cxééngbé%t ‘é‘?s"gﬁ%’.‘c’ﬁi%%%‘?“ ?08 gA%écs’ own in Fig.

3, the print head further camprises jindependently cantrollable fluid drop genetatars positioned
over the su bstraflglg%gl.1t Iﬁ%ég'%eg %ﬁf%etgcﬁ%e?ﬁps?fﬂgl#ggd otglagﬁeébr%aé%eg%r%%rislen%?ﬁegfesistors 314.

In this exemplaQfoﬁgqg)o%dgr%ecrgr’r}gguggns?ogg%iés E?(V)lrﬁ gel é‘ie%gla'i g&tigfrr?o?éagektzﬁi E)helﬂ)wq;l relation
to Figs. 4-12.
[00022] Alternatively or additionally to the configuration shown in Fig. 3,
other exemplary embodiments can divide the fluid supply so that each of the three
fluid-feed slots 304 receives a separate fluid supply. Other exemplary print heads
can utilize less or more slots than the three shown here.
[00023] The fluid-feed slots 304 pass through portions of a substrate 306. In
this exemplary embodiment, silicon can be a suitable substrate. In some
embodiments, substrate 306 comprises a crystalline substrate such as
monocrystalline silicon. Examples of other suitable substrates include, among
others, gallium arsenide, glass, silica, ceramics, or a semi-conducting material.
The substrate can comprise various configurations as will be recognized by one of
skill in the art.
[00024] The substrate 306 has a first surface 310 separated by a thickness ¢
from a second surface 312. The described embodiments can work satisfactorily
with various thicknesses of substrate. For example, in some embodiments, the

thickness 7 can range from less than about 100 microns to at least about 2000

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



layers positioned over the substrate's first surface 310. For this reason, the first surface is often

referred to as the thin-film side or thin-film surface. The thin film layers can further comprise a barrier

layer 316. [00026] The barrier layer 316 can comprise, among other things, a photo-resist polymer

substrate. In some embodiments, above the barrier layer is an orifice plate 3185I one diment,
e . . . . QOCT

the orifice plate comprises a nickel substrate. In arfother embodiment, the orifice pfate IS the same

materia) 2 ihe SEldaFL: eaRlea PG ARG A AR ALIRAS A8 Haauch viich ud
heated by the various firing resistors 314 can be ejected for printing on a print media (not shown). The
various layers caigigleol‘l%rmed, deposited, or attached upon the preceding layers. The configuration

given here is but one possible configuration. For example, in an alternative embodiment, the orifice

plate and barrie@m{g are intﬁ%ﬁﬁl?%r]ée IB;Sac ggat&] gan Iﬁ?{%ﬁ%‘g@%‘%@fum as a hard mask 320,

positioned on or over some or all'o ide suffac ﬁ%meg(résrﬁ%lary print cartridge
h in Figs. 2.and 3i ide d t ientation duyi . Wh itioned f
e, flid can TR N T, b0reD PO U CONEH0R PSP R Bots the
fluid t |t h a flyid-feed 322 that leads t 7 5 October 2006, ejecti firi
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substrate layers positioned over the substrate’s first surface 310. For this reason, the first
surface is often referred to as the thin-film side or thin-film surface. The thin film
layers can further comprise a barrier layer 316.
[00026] The barrier layer 316 can comprise, among other things, a
photo-resist polymer substrate. In some embodiments, above the barrier layer is
an orifice plate 318. In one embodiment, the orifice plate comprises a nickel
substrate. In another embodiment, the orifice plate is the same material as the
barrier layer. The orifice plate can have a plurality of nozzles 319 through which
fluid heated by the various firing resistors 314 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 alternative embodiment, the orifice plate and
barrier layer are integral. The substrate can also have layers, such as a hard mask
320, positioned on or over some or all of the backside surface 312.
[00027] The exemplary print cartridge shown in Figs. 2 and 3 is upside down
from the common orientation during usage. When positioned for use, fluid can

flow from the cartridge body 206 into one or more of the slots 304. From the

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



306a. Three fluid-feed slots 304a are shown. Each fluid-feed slot extends along a long axis, an
example of which is labeled "x". In this embodiment, the three fluid-feed slots 304a can be termed
compound slots, as will be explained below in relation to Figs. 5-8a that show various views of an
expanded portion 306al of the substrate 306a as shown in Fig. 4. [00029] Figs. %@%%e@ QW
perspective views of substrate portion 306al. Fig. 3 shows a perspective view from slightly above a

first surface 310al, and Fig,. 6 shows ctive view,from slightly above a secpond surface 312al.
Slot 3044, a porﬁbﬁ&b?‘?hﬂigé‘ﬁl@gs#&mﬁﬁﬁ?ﬁgﬁ & 83ﬁ€1§elgst éa%%s?tl pﬁﬁﬁ?’ii@%, APRast in part,
by a trench 502 formed in the first surface 310al of the substrate .306al and, connected to multiple slots
504. Slot(s) 504,%%‘%?&&@%%%%% ?ﬁﬁ’y 86%@%@318%%%%‘?5&%%’?&7&%%@’Iﬁdividual slots
504 can pass through the substrate from the substrate's backside 312a and connect with the trench
502. [00030] In % DL BHET RS SBAPRIRI R s SNy ORI BUFROTS FERPLY the

compound slot 304a as shown in Fig. 4, while the slots 504 can be shorter. Adjacent slots 504 can be
separated from dinssibistner by substrate material. Such substrate material can comprise a
reinforcement structure 506 that can provide characteristics to the slotted substrate as will be
discussed in mof80828hil beldigstskansiseyionoEorebays mitshudaspddPaciia subsEeispound slots
can be defined, at least in par;@béﬂaﬁgenerally planar surface that intersects two or more other generally

planar surfaces 80fe ddrgsofl sloteXednee shows.-sHeasluidnfeadslat gdendsidengaween and

intersecting with surfaces "b' and "¢’ of compound slot
long axis, an example of which is labeled “x”. In this embodiment, the three

fluid-feed slots 304a can be termed compound slots, as will be explained below in
relation to Figs. 5-8a that show various views of an expanded portion 3062, of the
substrate 306a as shown in Fig. 4.

[00029] Figs. 5 and 6 show perspective views of substrate portion 306a,;.
Fig. 5 shows a perspective view from slightly above a first surface 310a;, and Fig.
6 shows a perspective view from slightly above a second surface 312a,. Slot
304a, a portion of which is shown here, is a compound slot since it is comprised,
at least in part, by a trench 502 formed in the first surface 310a; of the substrate
306a; and connected to multiple slots 504. Slot(s) 504, as referred to herein, may
comprise slots, slot portions and/or vias. Individual slots 504 can pass through the
substrate from the substrate’s backside 312a and connect with the trench 502.
[00030] In this embodiment, the trench 502 can have essentially the same
length as the compound slot 304a as shown in Fig. 4, while the slots 504 can be
shorter. Adjacent slots 504 can be separated from one another by substrate
material. Such substrate material can comprise a reinforcement structure 506 that
can provide characteristics to the slotted substrate as will be discussed in more

detail below.



304a. Other embodiments may have other configurations. For example, some embodiments can have
a more rounded configuration that lacks definitive intersections of various surfaces comprising a
compound slot. [00032] Exemplary compound slots can have various suitable configurations. In one
example, a compound slot can have a length of about 23,000 microns and can chﬁgb@fﬂﬁ%d of a
trench of similar length. The compound slot can al€o be comprised of one or more reinforcement

structures. In o plary embodiment, the ¢ ound slot h IX reinfor ent str res each of
which has a Ien&&%ﬁgout 6 Sr%‘fé?&r‘?ig While 3 Jg}cgéen(forrél 8&:@%@&0%%%%{?1%6?@%%%%&:5 ed by

lots of about 2600 microns. In this embodiment, the . slot th bout 90 tof th
SUbetate's thick e B ESRE U L e BB AB AR LD RerEEr g nodments, the

depth of the trench can range fram less than 50 microns to mare than 400 microns.among others.
[00033] Fig. 7 SHOMRS s O T P one S R ggaéié?s@w ﬁ%"é%ﬁ‘?p%und slot 304a
as shown in Fig. 4. In this view, the compound slot 304a is extending into and out of the page. In the
cross-section shBAfHHRRd betiesrhang mtetseatingawith, syifacste & A <rpicemresRd slafe substrate
material in the form of the reinforcement structure 506 extends across the compound slot to connect
substrate materiaP4# dgptssicbadimsnts @ay vk Athersorfissions: 5ep6%10mRIs45°mE. 7a shows an
expanded view of a portion of the substrate 306a, shown in Fig. 7. Fig. 7a shows the trench 502 being
defined, at least §mpasinsntran e Amosxewmiedsonfiguabondbaidncksdefiditivan angle a of less

than 90
intersections of various surfaces comprising a compound slot.

[00032] Exemplary compound slots can have various suitable
configurations. In one example, a compound slot can have a length of about
23,000 microns and can be comprised of a trench of similar length. The
compound slot can also be comprised of one or more reinforcement structures. In
one exemplary embodiment, the compound slot has six reinforcement structures
each of which has a length of about 600 microns while adjacent reinforcement
structures are separated by slots of about 2600 microns. In this embodiment, the
slots can pass through about 90 percent of the substrate’s thickness while the
trench can pass through about 10 percent. In various embodiments, the depth of
the trench can range from less than 50 microns to more than 400 microns among
others.

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

connect substrate material on opposite sides of the compound slot.



degrees and greater than about 10 degrees relative to the first surface 310al. In one embodiment, the

sidewalls can lie at an angle a of about 54 degrees. 100035] In the embodiment shown here, a

v-shaped portion, shown generally at 706, can at least in part, define the trench 502. As shown here,

the two sidewalls 702 and 704 comprise at least a portion of the v-shape 706. JSCQQ%GJ?BI@ trench 502
. . . . . . ctQ 6

can further comprise a first width w, that is proximé&te the first surface 310a, and that is less than a

second width wzldgﬁrgys mﬁ%ﬁ%&%‘?&@%ﬁﬁﬁe gy; ggr?ﬁg%gqf?ﬁéég\ﬁs&g gﬁgaslecond

widths are define eto second sidewalls 702"a such need not be the
case. [00037] Fig, 8 shows. a crogs-sectional view, as indi din Fig, 7. .This cross-section is taken
along the long ag%oylgfl ?ﬁ%’o?h%%ghzas%?gé aeagellﬁ%ﬁf:gaqg?ellﬁ%%&i Afl.el(—iiga.{ CSRow %rgréXch 502
running generally continuously alon first surface, 310a while.two slots 504 that are, moge proximate
the second surfa}%‘é0 %’fﬁ%ﬁaﬁﬁe@p“‘ %@bjéﬁggﬁgf ™3 Zsrl%ar%%ﬁw?)?r%?nad‘é?e%q 8?83“ ugc ure 506.
This may be morg clearly seen in Fig. 8a which, shows the same embadiment as Fig. 8 and aids in
illustrating the re‘g&gﬁ%g‘}%&fgﬁ%ﬁﬁ?ﬁeﬁ’&{&i}h %gﬁéf%&‘ﬁ%%gﬁgﬁﬂg%%cg?T%ﬁgéa‘r’e%]forcement
structure 506 can in s mﬁ.embo imﬁekgs, fE%/e a ferminus 8 Oﬁxi?ateé%lgﬁrst surface 310a, that
can comprise tWOURFEPSARIAlglas AR FOF Rk aRHHAD % ARGV SF85 October 2006
shown in Fig. 8 and have different angles relative to the first surface. In some embodiments, the

angled walls cad ¥38hmed 2B iREEARIHREE ShAYRNET & Rhan6e PosH AR AROBTR BERHAE, the two

angled walls can also form a portion of
at 706, can at least in part, define the trench 502. As shown here, the two

sidewalls 702 and 704 comprise at least a portion of the v-shape 706.

[00036] The trench 502 can further comprise a first width w; that is
proximate the first surface 310a; and that is less than a second width w, which is
more distal to the first surface. In this embodiment, the first and second widths
are defined relative to the first and second sidewalls 702 and 704, though such
need not be the case.

[00037) Fig. 8 shows a cross-sectional view as indicated in Fig. 7. This
cross-section is taken along the long axis x of the compound slot 304a as indicated
in Fig. 4. Fig. 8 shows a trench 502 running generally continuously along the first
surface 310a, while two slots 504 that are more proximate the second surface
312a, are separated by substrate material comprising a reinforcing structure 506.
This may be more clearly seen in Fig. 8a which shows the same embodiment as
Fig. 8 and aids in illustrating the respective regions for the reader.

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

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



a triangle. This can be more clearly seen in Fig. 8b that shows an expanded view of a portion of the
substrate 306al in a little more detail. In this example, the reinforcement structure's two angled walls
802 and 804 form a portion of a triangle 806 shown in dashed lines. In this embodiment, the triangle

comprises an isosceles triangle, though such need not be the case. Other embg)giéﬁ)%rgg&%n have a
t

terminus 800 comprising more angled walls. For eX8mple, in some embodiments, the terminus can

comprise four angledyalis Inat IO AR RnPASBAN P43t AR $1RP&.iRE ¢ Thgshape of the

reinfprcement structure’s te minus can aIIowla conipound slot's trench to be deeper at regions
(1 of he.trencr ELS S Lo g A e T Fo e e b oot
factor, reauce DUBRE accurf NS UL Rl SR NP ABE K CEAL SRR e 0L Bubples
cubsirate SUppIBSTTE ot 1 T 1 IS5 A et S B g horrle
fow 10 some o S POREDBIBR CHRSHEA LA et '3 TSR A, 15 S SURSB 2800 [00042)
some of the described embodiments, the slotteq subsirate can riented in a printing device so that
the first surface §'B 858%3?8&5%?&?@éﬂ&?ﬁ%ﬂ?‘i&ﬁ%ﬁ%&%f@%ﬁ@@ ﬁ&‘ﬁ‘ﬂ&é‘ &E At cartridge body
through the Sec?xri]gngle 806 shown in dashed lines. In this embodiment, the triangle comprises an

isosceles triangle, though such need not be the case. Other embodiments can have

a terminus 800 comprising more angled walls. For example, in some

embodiments, the terminus can comprise four angled walls that form at least a

portion of a pyramid shape.

[00040] The shape of the reinforcement structure’s terminus can allow a

compound slot’s trench to be deeper at regions proximate a slot 504 than at

regions more distant to the slot 504. For example, Fig 8b shows a depth d; of the

trench 502 proximate a slot 504 while a second depth d, is more distant the slot.

The depth d, is greater than the depth d, The increasing depth of the trench

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

compound slot in some embodiments.

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

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

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

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

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



surface or backside, toward the thin film surface, where it can ultimately be ejected from the nozzles.
Bubbles can travel in a direction generally opposite to the ink flow. The described embodiments can
increase the propensity of bubbles to migrate as desired. For example, as shown in Fig. 8b, the
increasing depth of the trench 502 can allow bubbles to migrate toward a slot 59%3{\6%%{3?}6}?/ can
migrate generally away from the first surface 310allinto the slot 504 and ultimately out of the substrate

306al. [00043] Thgogepcribeq plfted SRS RIRSOMRIHIAEARC WA S Cab AfatE i Rironger than

previous designs. Consider Fig. 9 which shows a traditional slottéd substrate, and Fig. 10 which shows

an exemplary slcfiehsuiaARHil: GomAR e BOUMEDINONAE SOBIAGIAR L has

three slots 902 formed therein. Almost all substrate material is removed within ividual slots 902 so

that adjacen slqts g SppRRIGA i SURSERLE A'RHal at IS VRBAUeR SpIRSIYGE respective

adjacent slot en IS substrate"materi oftén fererre eam’,"an example of which is

o1 the Subsirate SU0-S LR HASh T H O A EEIT) RAIE 1G98 THCAS BE ocpecially
2005 1000451 ABELH B0 JER BRSO e PR SO T S TRARP T
e b haR gt A R Rs RS RS e oot

to migrate as desired. For example, as shown in Fig. 8b, the increasing depth of

the trench 502 can allow bubbles to migrate toward a slot 504 where they can
migrate generally away from the first surface 310a, into the slot 504 and
ultimately out of the substrate 306a;.

{00043] The described slotted substrate comprising compound slots can be
much stronger than previous designs. Consider Fig. 9 which shows a traditional
slotted substrate, and Fig. 10 which shows an exemplary slotted substrate with
compound slots.

[00044] Fig. 9 shows a substrate 900 that has three slots 902 formed therein.
Almost all substrate material is removed within individual slots 902 so that
adjacent slots are separated by substrate material that is supported solely between
respective adjacent slot ends. This substrate material is often referred to as a
“beam”, an example of which is shown generally at 904. Such beams 904 tend to
deform relative to the substrate material at the ends of the substrate 900, an
example of which is shown generally here at 906. This can be especially
problematic as slots 902 are positioned closer together to achieve a smaller print

head.



substrate when integrated into a print head. For example, torsional forces can be measured by a

resistance of the slotted substrate to deviance from an ideal configuration relative to an axis that is

parallel to a long axis of the substrate. The long axis of the substrate being generally parallel to the

long axis of the slots. The distortion or deformation can make the substrate Weglgfar %ndme prone to
. . . . . ctober )

breakage during processing. [000461 Distortion and/or deformation can also make Integrating the

substrate into a giggaspther fiigLipcons devine kAl SRR RGO Gdsepadag to other

different substrates to form a print head and ultimately a print cartridge. These different subStrates can

be stiffer than a rﬁiQHﬁchHﬁﬁﬁPéﬁd?{ B GRS QY @_@d%‘éﬂﬁﬂwﬁo‘i‘@g SR foRrRmdae siatpd

substrate to deform to their"configuration. The distortion of the prfint head can change the geometries

at which fluid is giegiedfrofh Be glegian sambiersiosaied ondhe disloricdbarians gf s stoted

substrate. [0004 e exemplary slotted substrates are more r rrmation, and can

better maintain the planar configuration,that is desjred i any print heads. This can be seen by
comparing the e&@r%ﬁ%?y“’s Sﬁé%%%%%ia eto sﬁ%@v@ iﬁgffia%{)@qcf: tf?%r%ﬁ% E&S%rﬁggt?%{tle% €hown in Fig.

9. Fig. 10 shows the substrate 306b with three, compound slots 304b formed therein, The compound
REAEH B e BB DS S PR EREE (1S R

slots have reinfdfcemen ?1.113 5 October
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long axis of the substrate being generally parallel to the long axis of the slots. The
distortion or deformation can make the substrate weaker and more prone to
breakage during processing.
[00046] Distortion and/or deformation can also make integrating the
substrate into a die or other fluid ejecting device more difficult. Often the
substrate is bonded to other different substrates to form a print head and
ultimately a print cartridge. These different substrates can be stiffer than a slotted
substrate produced by existing technologies and can cause the slotted substrate to
deform to their configuration. The distortion of the print head can change the
geometries at which fluid is ejected from the ejection chambers located on the
distorted portions of the slotted substrate.
[00047] The exemplary slotted substrates are more resistant to such
deformation, and can better maintain the planar configuration that is desired in
many print heads. This can be seen by comparing the exemplary slotted substrate
306b shown in Fig. 10 to the slotted substrate shown in Fig. 9. Fig. 10 shows the
substrate 306b with three compound slots 304b formed therein. The compound
slots have reinforcement structures 506b positioned intermittently along their

length.



304b. The reinforcement structures can support the substrate material or beam along its longitudinal
side between adjacent compound slots. One such beam is shown here generally at 904b. The
reinforcement structures can support the beam and reduce the propensity of the beam to deform
relative to the substrate material 906b at the slot ends. This can be especially %dda}ngagg&%s in

. .. . ) 0DC
embodiments where slot length is increased and/dPthe distance between slots’is decreased. When a

wraditional slot i iggqiencad g crdagcies of e, PEANIEHIR ARIOUR IS MARBIIithtereazth the

exemplary comp!oun lots, more reinforcement structures can be pro e-slot ng'31 is

Figs, 12, 125 gl IOE L L T R e Gt
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layer 316c, have been positioned over the substrate's, ) i
906b at the slot ends. This can be especially advantageous in embodiments where

slot length is increased and/or the distance between slots is decreased. When a
traditional slot is lengthened the tendencies of the beam(s) to deform is magnified,
whereas with the exemplary compound slots, more reinforcement structures can

be provided as the slot length is increased to maintain substrate continuity.

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

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



first surface 310c to form firing chambers 324c and associated structures, such as fluid-feed
passageway 322c, as described above. As such, in this implementation, the first surface 310c can be
referred to as the thin-film surface. Additionally, in this implementation, a hard mask layer 320c has
been patterned over the substrate's second surface 312c, which in this implemesrtgac%%rgr%la e referred
to as the backside surface. [000521 A plurality of $fbts 504c and 504d can be formed into the substrate

306¢ as shown genarellyt #0942k o ﬁi@éﬁﬁé@ra’f&g-Ih'&W&%Méﬁ&ﬁ?ﬁﬁﬂﬁh%ﬁﬁi—ﬂﬁﬁre two slots

504c and 504d were formed through the substrate 306¢, while Fig. | Ib shows a cross-sectional view of

the substrate whegoialatae ey IaHTEM SRR BiGk ddsAhdd AreReciatiaggets of slots

504c and 504d have been formed for two Tespective compouhd slots (304c and 304d shown Fig. 12).

100053] In ths ANeRERIRNSTdS ik ARG aRENISHdAINGaRetNdq WiRRG Y Sl

re the
second surface comprises a backsi IS implementation, the slots are space%ggenerally

evenly along a | is pf an individyal compound slot, For example, one such lon is 'X' Is shown
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another and/or be positioned offset from a long axis. Furthet,. ag shown, here, the slots are bisected by
the compound sﬁg'f‘ﬁféh € g?‘?gslh%ﬁe%a& ?)%th‘?etiygéﬁﬁ?é}l&?ﬁﬁﬂ&@fﬁ%ﬁ?iﬁy efftbodiments,
the slot be qffset the. | is, 15 5 October 2006 [000541 The slots 504c-d be f d
utﬁizsir?gsa%?/nsuigﬁ?e?r?@é%%r}n&ﬁ@%gﬂ% ﬁé{% mas lage? 3%r0c?1as b[een patterne?i g\(fjex$ the ¢-d can be forme

substrate’s second surface 312c, which in this implementation can be referred to
as the backside surface.

[00052] A plurality of slots 504c¢ and 504d can be formed into the substrate
306c¢ as shown generally at 1102. For example, Fig. 11a shows a cross-sectional
view where two slots 504c and 504d were formed through the substrate 306c,
while Fig. 11b shows a cross-sectional view of the substrate where no slots were
formed. As shown in Figs. 11 and 11a, two distinct sets of slots 504c and 504d
have been formed for two respective compound slots (304c and 304d shown Fig.
12).

[00053] In this implementation, the slots 504c-d are formed in the second
surface 312c where the second surface comprises a backside surface. In this
implementation, the slots are spaced generally evenly along a long axis of an
individual compound slot. For example, one such long axis ‘x’ is shown in Fig.
11. In other implementations, a plurality of slots can be formed at varying
distance from one another and/or be positioned offset from a long axis. Further,
as shown here, the slots are bisected by the compound slot’s long axis, though
such may not be the case. For example, in other embodiments, the slots can be

offset from the long axis.



For example, in one implementation, the slots are formed utilizing laser machining. Various suitable
laser machines will be recognized by one of skill in the art. For example, one suitable laser machine
that is commercially available can comprise the Xise 200 laser Machining Tool, manufactured by Xsil
Itd. of Dublin, Ireland. [000551 Other suitable techniques for forming the slots, $ h as 596160d can

. . 11 . - . ctober e
include etching, sand drilling, and mechanical drillihy, among others. In one implementation utilizing

etching, areas ofgfippackside iacg,askcan e ppUSHRALIR SRRl RAipIRRSAAAHgR Which Slots

are formed. Alternating acts of etching and passivating can form slots into the substrate. In some

embodiments, stgh. Alierating At IEIRbiIRg BN RESRINAURORSAR-RAMRGAR Rk ching. Such an

etching technique, among others, can form individual slots having an anisotropic slot profile. An

cxample of suc Ry 30U APl IR AHAILR AL PSR U SRR E0RAIN G nk B [99P] Sand

drilling is @ mechanical cttting process where target material is remo articles, such as

aluminum oxideydelieredt o ARGl PUERIE LI A SYSIE . SEAd ARG Alvasigired o as

sand blasting, abraswe san ining, an abrasion. Mechanical machiming can include the

use of various saws and drill thﬁ\t} ar, itabl?}éor removi ubstrate material,, Alternatively or
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advantageouslyﬁobrélbicﬁ%égéorm the slots. [00057] In Figs. 12, 12a and 12b a trench is formed in the
substrate 306c as' SHY erally at 1202. In some implementations, the trench is contiguous with 16

5 October 2006
ctober [00055] Other suitable techniques for forming the slots, such as 504c-d, can

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

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

shown generally at 1202. In some implementations, the trench is contiguous with



the plurality of slots, such as 504c (as described with respect to Fig. 11), to form a compound slot
304c. As shown here, two trenches are formed, each trench having an inverted v-shape when viewed
in transverse cross-section. Trench 502c is contiguous with slots 504c and trench 502d is contiguous
with slots 504d. To aid the reader, Fig. 12a indicates trench 502c and slot 504%%%?(%6}' a%ith arrows,
while the respective areas of trench 502d and slot BD4d are generally shown within a dashed line.

(00058] In some{mpIamARIIARSUDING: SHRNGR SEANSEAHE RRgeR: PP I CREroHA

implementation, second surfaces strate ca exposed to an etchant sufficient
to remove subst r rma.t ti S ‘g@ g’ ity of S lfﬂimz?l ompound
slot. An exampléegg%%] |c§1£2éttn%égcs’e§rs1 %rl?é]‘eglgtfliog# t%éj{?}q % zé;iﬁg%%%%vaﬁégee%%mpoﬁn slots
304c and 304d were formcied fﬁ)m sloﬁs 504c¢ aHd trench 502c¢c. and slots 5Q4d aH%(I)Tnch 502d,

V-S WeE

respectively. Altrnative y or aaacﬂﬁ%a‘?@/,v {6 conlf]rct)fﬁﬁavﬁlésﬁcﬁosﬁ%gﬁg,n 6 s rgrﬁ% ot individual slots

comprising a finished compound slots can be conjr ,.In some embodjments erning a
backside maskSRCEEH e SIS BAR AoV B AR LERC Rt T RS A HLIA [00059] I
i one implemeEAISHITNIAE (A PAHRBLRS Ao P Gl K e B AL SE 0 process can
form a compounce1 lot while retaining substrate material omPr' ing a trench while retaining at least
one reinforcemel @ﬁé&d?é?gfféﬁeﬁg‘?%ﬁrﬂgp?éWé@gﬂﬁﬁﬁﬁ@ é@ébg §ﬁ%§ﬁ?ﬁ5"lﬁ§§%§. some
embodiments where an etchant.is used to form the trench, some or all of the thin-film layers positioned
over the first sufafun a dashed line.

[00058] In some implementations, forming a trench comprises etching a

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

the trench, some or all of the thin-film layers positioned over the first surface,



17 5 October 2006 such as 31 Oc, can be patterned to define the trench dimensions at the first
surface. Alternatively or additionally, in some implementations, the shape of individual slots
comprising a compound slot can be controlled by patterning a backside mask in a desired ratio to the
dimensions of a given slot portion. [00060] For example, in the embodiment sh%v&ti&gri%o(jll, lla and
| Ib through 12, 12a and 12b, the finished slots 504¢ and 504d are formed with a re- entrant profile

when viewed in graaS:S8¢HENAR 56 pAHBRMY thafbridl e RIRAUMRAS SR PMERAISuMIRA different

cross-sectional view. For example, Figs. 5-7 show an embodiment where the widest portion of an

individual slot, ieadeviad i UARYGESR, CIRSSIREHitteERuAS S HOWNR BidndiRulipximate the
the s

second surface 312al. [000611 The configuration of ots can be controlled by, among other ways,

patterning a bachiﬁ%gr%ﬁgsé%ggr&%ﬂlﬁ&ﬁﬂ%i‘&&%ﬂ%@@oH&ﬁﬁgigg@g%ﬂ%%gﬁ%kﬁ% ple, one

way of achieving the wn in Fig. 12a1sto pattern e same width as the

individual slots. For xamﬁle %%F;%ltg{%a shows a patterned bac 5|dr%&11§sklng layer 320c that is the

generally the sa%%%&%fﬁ arsa T qo"&leél%lr? ﬁgtﬁﬁbé TRE masking layer can limit etching of

for ot 5042 i HL08La, Ond WKAPREbNE SRR W o HSel SOt B roximate the
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form a trench ane%tqggtcgrgﬁle when viewed in cross-section as seen in Fig. 12a. Other

embodiments can have slots with a different cross-sectional view. For example,

Figs. 5-7 show an embodiment where the widest portion of an individual slot,

when viewed in transverse cross-section, such as is shown in Fig. 7, is proximate

the second surface 312a;.

[00061] The configuration of the slots can be controlled by, among other

ways, patterning a backside mask to control etching during the trench formation

process. For example, one way of achieving the profile shown in Fig. 12a is to

pattern the backside mask the same width as the individual slots. For example,

Fig. 11a shows a patterned backside masking layer 320c that is the generally the

same width as the slots 504c and 504d.

[00062] The masking layer can limit etching of the backside layer during the

trench formation process to produce the re-entrant slot profile shown in for slot

504c in Fig. 12a. One way of achieving a configuration with a wider slot profile

proximate the backside surface, such as shown in Fig. 5-7, is to pattern a backside

hard mask to leave a desired area of the backside surface exposed to the etchant

while removing additional substrate material to form a trench and hence a

compound slot.



compound slot. 18 5 October 2006 [00063] Desired geometries of the respective features can be
controlled by, among other factors, an amount of time that the substrate, such as 306c, is exposed to
the etchant. For example, in one embodiment, etching can be stopped when substrate material is
removed along <111> planes sufficient to form a reinforcement structure's term%rwcsto%sr%%%ribed
above. [00064] Forming the trench, such as 502c, b§ exposing the substrate to an etchant can remove
sharp and/or rou strate material that could gtherwise serve as crack initiation sites, The etching
procgss can alsﬁsar(r]l%(?gth out ls%rsfé?:(ef‘ggﬂ#g%%cr#p%aﬁ%;%%f{gﬁ %&c %540 (?, %‘i’n%%v"ﬁr?a‘fé?’ more

efficient ink flow. 1J{QOOGS The exemplary emhodiments described sq far have rised removal steps
to remove substfate ?ﬁa‘{é‘r?&?ﬁg %)rrsm & cgﬁ?pc()%rg%n glt(t)?féjf fﬁlg\l?/%%setf?%%t ef e%sergnt%.’pryl/sembodiments can

include various steps where, material is. added to.the substrate quring the slotting process. For
example, in one f@fﬁ%e rtr?ea}e, e&ﬁ@% ﬁﬁg‘mﬁr}ﬂ@&%’@éﬁgﬂﬂﬁ’sﬁgﬁ%@a SSKRRyer of
material through which the trench is formed to form the compouynd slot. Other embodiments can also
include one or MRS RUBSHAtE MAtCriAldS FamoYFRAORSR! IC]OEWPEWQ ’(ge’l‘ﬁgérg)%(ﬂtional steps can
occur intermediate tq, or subsequent 1o, the described steps. CONCLUSION [00066] The described
embodiments caS{GUFERFRE STOWEUR S LTERimyS 751987HRRYG 2PAYRI-feed slot in a substrate. The

fluid-feed slots can Stﬂoply ink to the various fluid ejecting elements connected to the fluid-feed slot
while allowing thi90064] Forming the trench, such as 502c, by exposing the substrate to an

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

to, the described steps.

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

slotted substrate to be stronger than existing technologies. The described fluid-



slotted substrate to be stronger than existing technologies. The described fluid 19 5 October 2006 feed
slots can have a compound configuration comprised of a trench received in the substrate's first surface
and connected to a plurality of slots passing through the substrate from its second surface. The
described embodiments leave substrate material between the various slots corrgqﬁin %glurality of

. . . Ctoper .
slots and therefore enhance the structural integrit} f the slotted substrate. This can be especially

valuable for longer slots that can otherwise tend t@ cause the substrate t ittle have a
propensity to de%%erfns. ‘%ec%gg?’i%gcf %%%ud}gn%% 21 rgaixgglggirépt%s% I§€vg§p§8?r§p%)eﬁﬁa%%l -feed slot of

almost any desifed length tg be formed. The, compound slots can have,beneficial strengt
characteristics t %tscﬁagrgrrgt u%g &eS%%%t§ngncg %Iﬁ%%eg% d ?%reglﬁt S?XSE,%% %?Sé‘é%gtﬁt)}b‘é’%%gr on the die,
while reducing potential occlusion of the ink feed sl gs) 10006 1Aéth ugh the inventjon has been
Gescried in larGAE CRGHOR TS S EROHL LR sl RE GBS B B aerstooc
that the invention defined in the appended claims is not necessarily limited to the specific features or
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implementing the claimed invention, 5 Octpber 2006 20 CLAIMS What is claimed is; h A print head
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substrate (306) FUMARFRMG STU B ARteests) A dbme oftad Sehauate) dbisernRr ssmetalitace (310) and

a .
valuable for longer slots that can otherwise tend to cause the substrate to be brittle

and have a propensity to deform. The described embodiments are scalable to
allow a compound fluid-feed slot of almost any desired length to be formed. The
compound slots can have beneficial strength characteristics that can reduce die
fragility and allow slots to be positioned closer together on the die, while reducing
potential occlusion of the ink feed slot(s).

[00067] Although the invention has been described in language specific to
structural features and methodological steps, it is to be understood that the
invention defined in the appended claims is not necessarily limited to the specific
features or steps described. Rather, the specific features and steps are disclosed as

preferred forms of implementing the claimed invention.



generally opposing second surface (312); a trench (502) received in the first surface (310) and
extending through less than an entirety of the thickness (t) of the substrate (306), the trench (502)
being defined at least in part by two sidewalls (702, 704); and, a plurality of slots (504) extending into
the substrate (306) from the second surface (312) and connecting with the trep C&) %g)ﬁéggiorm a
compound slot (304) through the substrate (306), wherein at least portions of individual sidewalls
(702, 704) of the trench (502) are positioned at ar%%ngle (a) of greater than about 10 degrees and
less than about 90 degrees relative to the first S‘Iéﬁ%?fdglm. 2. A printing device (100) comprising, at
least in part, the print head substrate (306) of ctaim 1."3. A structure comprising: a substrate (306)
having a thi essé) defined by a first surface (310) and a generally opposing second surface (312);
atrench (SO%EHE i La cﬂﬁ'axis and received in the first surface (310) and extending through less

than an entirety of the thickness (t) of the sub (306); and, a plurality of slots (504) extending into

the substrate (306)]‘from t‘ﬁ(-,p E&Eég%g %‘3??&8&%@5 SPYR %ﬂ%‘cting with the trench (502) to form a

compound slot (304) 5 Octob 6 21 through the substrate (306),.the plyralit lots being

coparated from catit SEHGrL CbEALE AT HIoEA AR Rt LS SHAPGSALE) Gbfoin o

cross-section of r(tal;{f trench (502) taken ?féje the long axis has a first width (wi) that is proximate
e

th first surBLE IR FRRI S SR SHEACS Liadig

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

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

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

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

substrate (306) of claim 1.

3. A structure comprising:

a substrate (306) having a thickness (t) defined by a first surface (310) and a
generally opposing second surface (312);

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

a plurality of slots (504) extending into the substrate (306) from the second

surface (312) and connecting with the trench (502) to form a compound slot (304)



width (w2) that is more distal to the first surface (310). 4. The structure of claim 3, wherein the
compound slot (304) comprises a fluid-feed slot. 5. A print head substrate (306) comprising: a
substrate (306) having a thickness (t) defined by opposing first and second surfaces (310, 312); a

trench (502) received in the first surface (310) and extending through less than n.e ntirety of the

thickness (t) of the substrate (306); and, a plurality of slots (504) extending into the substrate (306)
from the second surface (312) and connecting witr?llthe trench (502) to form a compound slot (304)

th h the substrate (306), wherein the trench. (502) |s deeper at portio, roximate to said slots
(500 AT R G L A PRl ot BTy AR <R B o &, whoncin
the trench (5 2?) has a ma imumgde %é% in a range of about 10 percent to about 80 percent of the
thickness ('8P e%ﬁgf?ﬁg’@ﬁ 3n§ SP2HUE" 229 rhe print head substrate of claim 5, wherein

individual slots (504 mprising the _pl ity of sl 4 d Il nly al I
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width (w-) that is more distal to the first surface (310).

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

fluid-feed slot.

5. A print head substrate (306) comprising:

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

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

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

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

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

() of the substrate (3006).



along a long axis, and at least one reinforcement structure (506) within the compound slot (304), the
reinforcement structure (506) having a terminus (800) proximate the first surface (310); and, the
terminus (800) comprising at least two differently angles walls (802, 804). 9. A printing device (100)
comprising, at least in part, the slotted print head substrate (306) of claim 8. 19.&:t5%%;%g6comprising:
forming a plurality of slot portions in a top surface (?f a substrate (306); and, etching a trench (502) in a
back surface of the substrate (306) contiguous an n fluidic communication with the plurality of slot
portions to form a ;;ompori?g slottéiog ‘fﬁlié:h tha%ai least one reinfo(g];f:ve?egt strtg%th%sa extends across
the compound slotto conn&d S AR & aHBéogﬁéeléﬁH]elél el SIRls slot, wherein the
at least one reinforcement strlfctur Sclg?sn(es%ti)with the tgp surfaﬁ;e of tr]e ) bstra{(en.lg axis of

comprising the plurality o are spaced generally evenly along a
the compound slot (304).
8. A slotted print head substrate (306) comprising:

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

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

the terminus (800) comprising at least two differently angles walls (802, 804).

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

head substrate (306) of claim 8.

10. A method comprising:

forming a plurality of slot portions in a top surface of a substrate (306); and,

etching a trench (502) in a back surface of the substrate (306) contiguous and in
fluidic communication with the plurality of slot portions to form a compound slot (304)
such that at least one reinforcement structure extends across the compound slot to
connect substrate material on opposite sides of the compound slot, wherein the at least

one reinforcement structure connects with the top surface of the substrate.





