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(57) ABSTRACT 
The described embodiments relate to features in substrates 
and methods of forming same. One exemplary embodiment 
can be a microdevice that includes a substrate extending 
betWeen a ?rst substrate surface and a generally opposing 
second substrate surface, and at least one feature formed into 
the ?rst surface along a bore aXis that is not transverse to the 
?rst surface. 
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FEATURES IN SUBSTRATES AND METHODS OF 
FORMING 

BACKGROUND 

[0001] Many microdevices include substrates having fea 
tures formed therein. Existing feature shapes, dimensions, 
and/or orientations can limit microdevice design. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0002] The same components are used throughout the 
draWings to reference like features and components Wher 
ever feasible. Alphabetic suf?xes are utiliZed to designate 
different embodiments. 

[0003] FIG. 1 illustrates a front elevational vieW of a 
diagrammatic representation of an exemplary printer in 
accordance With one exemplary embodiment. 

[0004] FIG. 2 illustrates a perspective vieW of a diagram 
matic representation of a print cartridge suitable for use in 
the exemplary printer shoWn in FIG. 1 in accordance With 
one exemplary embodiment. 

[0005] FIGS. 3-3a illustrate diagrammatic representations 
of a cross-sectional vieW of a portion of an exemplary print 
cartridge. 

[0006] FIG. 4 illustrates a diagrammatic representation of 
a cross-sectional vieW of an exemplary substrate in accor 
dance With one exemplary embodiment. 

[0007] FIGS. 4a-4b illustrate diagrammatic representa 
tions of top and bottom vieWs respectively of the substrate 
illustrated in FIG. 4 in accordance With one embodiment. 

[0008] FIG. 5 illustrates a diagrammatic representation of 
a perspective vieW of a portion of a print cartridge in 
accordance With one exemplary embodiment. 

[0009] FIG. 6 illustrates a diagrammatic representation of 
a top vieW of an exemplary substrate in accordance With one 
exemplary embodiment. 

[0010] FIG. 6a illustrates a diagrammatic representation 
of a perspective cut-aWay vieW of the exemplary substrate 
illustrated in FIG. 6 in accordance With one exemplary 
embodiment. 

[0011] FIG. 6b illustrates_a diagrammatic representation 
of a cross-sectional vieW of the exemplary substrate illus 
trated in FIG. 6 in accordance With one exemplary embodi 
ment. 

[0012] FIG. 6c illustrates a_diagrammatic representation 
of a cross-sectional vieW of an alternative con?guration of 
the vieW represented in FIG. 6b in accordance With one 
exemplary embodiment. 

[0013] FIG. 7 illustrates a diagrammatic representation of 
a cross-sectional vieW of an exemplary substrate in accor 
dance With one exemplary embodiment. 

[0014] FIG. 8 illustrates a diagrammatic representation of 
a perspective vieW of an exemplary substrate in accordance 
With one exemplary embodiment. 

[0015] FIGS. 8Ll-8b illustrate a diagrammatic representa 
tion of cross-sectional vieWs of an exemplary substrate in 
accordance With one exemplary embodiment. 
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[0016] FIGS. 9a-9b illustrate a diagrammatic representa 
tion of cross-sectional vieWs of an exemplary substrate in 
accordance With one exemplary embodiment. 

[0017] FIGS. 10a-10b illustrate a diagrammatic represen 
tation of cross-sectional vieWs of an exemplary substrate in 
accordance With one exemplary embodiment. 

[0018] FIGS. 11a-11c illustrate process steps for forming 
an exemplary substrate in accordance With one exemplary 
embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0019] The embodiments described beloW pertain to meth 
ods and systems for forming features in a substrate and to 
microdevices incorporating such substrates. Feature(s) can 
have various con?gurations including blind features and 
through features. Ablind feature passes through less than an 
entirety of the substrate’s thickness. Afeature Which extends 
totally through the thickness becomes a through feature. A 
blind feature may be further processed into a through feature 
during subsequent processing steps. 

[0020] Exemplary substrates having features formed 
therein can be utiliZed in various microdevices such as 
microchips and ?uid-ejecting devices among others. Fluid 
ejecting devices such as print heads are utiliZed in printing 
applications. Fluid-ejecting devices also are utiliZed in 
medical and laboratory applications among others. Exem 
plary substrates also can be utiliZed in various other appli 
cations. For example, display devices may comprise features 
formed into a glass substrate to create a visual display. 

[0021] Several embodiments are provided beloW Where 
the features comprise ?uid-handling slots (“slots”). These 
techniques can be applicable equally to other types of 
features formed into a substrate. 

[0022] Slotted substrates can be incorporated into ?uid 
ejection devices such as ink jet print heads and/or print 
cartridges, among other uses. The various components 
described beloW may not be illustrated to scale. Rather, the 
included ?gures are intended as diagrammatic representa 
tions to illustrate to the reader various inventive principles 
that are described herein. 

Exemplary Printing Device 

[0023] FIG. 1 shoWs a diagrammatic representation of an 
exemplary printing device that can utiliZe an exemplary 
print cartridge. In this embodiment the printing device 
comprises a printer 100. The printer shoWn here is embodied 
in the form of an inkjet printer. The printer 100 can be 
capable of printing in black-and-White and/or color. The 
term “printing device” refers to any type of printing device 
and/or image forming device that employs slotted sub 
strate(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, and photocopiers. In 
this exemplary printing device the slotted substrates com 
prise a portion of a print head Which is incorporated into a 
print cartridge, an example of Which is described beloW. 

Exemplary Products and Methods 

[0024] FIG. 2 shoWs a diagrammatic representation of an 
exemplary print cartridge 202 that can be utiliZed in an 
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exemplary printing device. The print cartridge is comprised 
of a print head 204 and a cartridge body 206 that supports 
the print head. Though a single print head 204 is employed 
on this print cartridge 202 other exemplary con?gurations 
may employ multiple print heads on a single print cartridge. 

[0025] Print cartridge 202 is con?gured to have a self 
contained ?uid or ink supply Within cartridge body 206. 
Other print cartridge con?gurations may alternatively or 
additionally be con?gured to receive ?uid from an external 
supply. Other exemplary con?gurations Will be recogniZed 
by those of skill in the art. Though the term ink is utiliZed 
beloW, it should be understood that ?uid-ejecting devices 
can deliver a diverse range of ?uids. 

[0026] Reliability of print cartridge 202 is desirable for 
proper functioning of printer 100. Further, failure of print 
cartridges during manufacture increases production costs. 
Print cartridge failure can result from a failure of the print 
cartridge components. Such component failure can be 
caused by cracking. As such, various embodiments 
described beloW can provide print heads With a reduced 
propensity to crack. 

[0027] Reliability of print cartridge 202 also can be 
affected by bubbles contained Within the print cartridge, 
especially Within the print head 204. Among other origins, 
bubbles can be formed in the ink as a byproduct of operation 
of a printing device. For example, bubbles can be formed as 
a byproduct of the ejection process in the printing device’s 
print cartridge When ink is ejected from one or more ?ring 
chambers of the print head. 

[0028] If bubbles accumulate Within the print head the 
bubbles can occlude ink How to some or all of the ?ring 
chambers and can cause the print head to malfunction. Some 
embodiments can evacuate bubbles from the print head to 
decrease the likelihood of such a malfunction as Will become 
apparent beloW. 

[0029] An additional desire in designing print cartridges, 
is the reduction of their cost. One Way to reduce such cost, 
is to reduce the dimensions, and therefore the material and 
fabrication costs, of print head 204. 

[0030] FIG. 3 illustrates a side-sectional diagrammatic 
representation of a portion of the exemplary print head 204 
as indicated in FIG. 2. FIG. 3a illustrates an alternative 
print head con?guration sometimes referred to as an edge 
feed con?guration. 

[0031] The vieW of FIG. 3 is taken transverse an axis 
normal to ?rst substrate surface (“?rst surface”) 302, the axis 
extending into and out of the plane of the page upon Which 
FIG. 3 appears. In this particular embodiment this axis is the 
long axis Which lies betWeen the ?rst and second surfaces 
and extends generally parallel to those surfaces. Here a 
substrate 300 has a thickness tWhich extends betWeen a ?rst 
surface 302 and a second substrate surface (“second sur 
face”) 303. In this embodiment three features 305a-c com 
prising ?uid-feed slots (“slots”) pass through substrate 300 
betWeen ?rst and second surfaces 302, 303. For purposes of 
explanation in this embodiment the terms “slot” and “fea 
ture” are utiliZed interchangeably. Examples of other feature 
types are described beloW in relation to FIGS. 9a-9b and 
FIGS. 10a-10b. 

[0032] In this particular embodiment, substrate 300 com 
prises silicon Which either can be doped or undoped. Other 
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substrate materials can include, but are not limited to, 
gallium arsenide, gallium phosphide, indium phosphide, 
glass, quartZ, ceramic or other material. 

[0033] Substrate thickness t can have any suitable dimen 
sions that are appropriate for an intended application. In 
some embodiments substrate thicknesses t can range from 
less than 100 microns to more than 2000 microns. One 
exemplary embodiment can utiliZe a substrate that is 
approximately 675 microns thick. Though a single substrate 
is discussed herein, other suitable embodiments may com 
prise a substrate that has multiple layers during fabrication 
and/or in the ?nished product. For example, one such 
embodiment may employ a substrate having a ?rst compo 
nent and a second sacri?cial component Which is discarded 
at some point during processing. 

[0034] In this particular embodiment, one or more thin 
?lm layers 314 are positioned over substrate’s second sur 
face 303. In at least some embodiments, Where substrate 300 
is incorporated into a ?uid ejection device, a barrier layer 
316 and an ori?ce plate or ori?ce layer 318 are positioned 
over the thin-?lm layers 314. 

[0035] In one embodiment one or more thin-?lm layers 
314 can comprise one or more conductive traces (not shoWn) 
and electrical components such as transistors (not shoWn), 
and resistors 320. Individual resistors can be controlled 
selectively via the electrical traces. Thin-?lm layers 314 also 
can at least partially de?ne in some embodiments, a Wall or 
surface of multiple ?uid-feed passageWays 322 through 
Which ?uid can pass. Thin-?lm layers 314 also can comprise 
among others, a ?eld or thermal oxide layer. Barrier layer 
316 can de?ne, at least in part, multiple ?ring chambers 324. 
In some embodiments ?uid-feed passageWays 322 may be 
de?ned in barrier layer 316, alone or in combination With 
thin-?lm layers 314. Ori?ce layer 318 can de?ne multiple 
?ring noZZles 326. Individual ?ring noZZles can be aligned 
respectively With individual ?ring chambers 324. 

[0036] Barrier layer 316 and ori?ce layer 318 can be 
formed in any suitable manner. In one particular implemen 
tation both barrier layer 316 and ori?ce layer 318 comprise 
thick-?lm material, such as a photo-imagable polymer mate 
rial. The photo-imagable polymer material can be applied in 
any suitable manner. For example, the material can be 
“spun-on” as Will be recogniZed by the skilled artisan. 

[0037] After being spun-on, barrier layer 316 then can be 
patterned to form, at least in part, desired features such as 
passageWays and ?ring chambers therein. In one embodi 
ment patterned areas of the barrier layer can be ?lled With a 
sacri?cial material in What is commonly referred to as a ‘lost 
Wax’ process. In this embodiment ori?ce layer 318 can be 
comprised of the same material as the barrier layer and can 
be formed over barrier layer 316. In one such example 
ori?ce layer material can be ‘spun-on’ over the barrier layer. 
Ori?ce layer 318 then can be patterned as desired to form 
noZZles 326 over respective chambers 324. The sacri?cial 
material then can be removed from the barrier layer’s 
chambers 324 and passageWays 322. 

[0038] In another embodiment, barrier layer 316 com 
prises a thick-?lm, While the ori?ce layer 318 comprises an 
electroformed nickel or other suitable metal material. Alter 
natively the ori?ce layer can be a polymer, such as “Kapton” 
or “Ori?ex”, With laser ablated noZZles. Other suitable 
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embodiments may employ an ori?ce layer Which performs 
the functions of both a barrier layer and an ori?ce layer. 

[0039] A housing 330 of cartridge body 206 can be 
positioned over substrate’s ?rst surface 302. In some 
embodiments, housing 330 can comprise a polymer, ceramic 
and/or other suitable material(s). An adhesive, though not 
speci?cally shoWn, may be utiliZed to bond or otherWise join 
housing 330 to substrate 300. 

[0040] In operation, a ?uid, such as ink, can enter slots 
305a-c from the cartridge body 206. Fluid then can ?oW 
through individual passageWays 322 into an individual ?ring 
chamber 324. Fluid can be ejected from the ?ring chamber 
When an electrical current is passed through an individual 
resistor 320 or other ejection means. The electrical current 
can heat the resistor suf?ciently to heat some of the ?uid 
contained in the ?ring chamber to its boiling point so that it 
expands to eject a portion of the ?uid from a respectively 
positioned noZZle 326. The ejected ?uid then can be replaced 
by additional ?uid from passageWay 322. 

[0041] As represented in FIG. 3a, slot 305b1 extends 
betWeen ?rst and second surfaces 302, 303. Slots 305a1, 
305c1 extend to second surface 303 from ?rst and second 
sideWalls 340, 342 that are orthogonal or oblique to the 
second surface. Such a con?guration may alloW reduced 
print head die siZes to be used that provide the same 
functionality as larger die siZes. 

[0042] FIG. 4 illustrates a diagrammatic representation of 
substrate 300 illustrated in FIG. 3. In this embodiment each 
slot 305a-c extends through substrate 300 along a bore axis 
b1, b2, and b3 respectively. Abore axis intersects the ?rst and 
second surfaces and can generally correspond to a direction 
of intended ?uid ?oW through the slot. Slot 305b extends 
along bore axis b2 Which is transverse to second surface 303. 
Slots 305a and 305c extend along bores b1, b3 Which are not 
transverse to second surface 303. Individual slots 305a, 305a 
lie at angles (x1, (x2 With respect to second surface 303. 

[0043] Angles (x1, (x2 can comprise any angle less than 90 
degrees relative to second surface 303 With some embodi 
ments having a value in the range of 10 degrees to 80 
degrees. In some embodiments angles (x1, (x2 can range from 
about 60 degrees to about 80 degrees. In other embodiments 
angles (x1, (x2 can range from about 40 degrees to about 59 
degrees. In still other embodiments angles (x1, (x2 can range 
from about 20 degrees to about 39 degrees. In this particular 
embodiment angles (x1, (x2 each comprise about 62 degrees, 
another particular embodiment has angles of about 45 
degrees. Though in this embodiment angles (x1, (x2 comprise 
similar values, other embodiments may have dissimilar 
values. For example in an alternative embodiment angle (x1 
can have a value of 45 degrees While angle (x2 has a value 
of 55 degrees. Having one or more angled slots can alloW 
greater options in print cartridge design, as Well in the design 
of other microdevices, as Will be described in more detail 
beloW. 

[0044] In this embodiment slots 305a, 305a are angled 
relative the second surface 303 When vieWed transverse the 
long axis. Alternatively or additionally, other embodiments 
may be angled relative to second surface 303 When vieWed 
along the long axis. Examples of such a con?guration Will 
be described in more detail beloW in relation to FIGS. 8-8b. 
Embodiments having one or more angled slots can alloW 
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greater design ?exibility. For example, angled slots can 
alloW a ?rst geometry at ?rst surface 302 and a second 
different geometry at second surface 303. 

[0045] FIGS. 4a and 4b illustrate top vieWs of substrate’s 
?rst surface 302 and second surface 303 respectively. In this 
embodiment slots 305a-305c de?ne a ?rst footprint 402a at 
?rst surface 302 and a second different footprint 402b at 
second surface 303. First footprint 402a de?nes a ?rst area 
While second footprint 402b de?nes a second area. In some 
embodiments the ?rst area can be at least about 10 percent 
greater than the second area. In this particular embodiment 
?rst area is about 20 percent greater than second area. 
Further, in this embodiment the increased area is due pre 
dominately to a greater Width Wa of footprint 402a When 
compared to Width Wb of footprint 402b. 

[0046] FIG. 5 shoWs a cut-aWay perspective vieW of a 
portion of another exemplary print cartridge 202a. Substrate 
300a is positioned proximate housing 330a in an orientation 
in Which the tWo components might be bonded together to 
form print cartridge 202a. In this embodiment three slots 
305d-305f are de?ned, at least in part, by substrate material 
remaining betWeen the slots. This substrate material remain 
ing betWeen the slots is referred to herein as “beam(s)”502a 
502d Which extend generally parallel to the long axis of the 
slots. Beams 502a and 502d can be referred to as external 
beams as they de?ne a slot on one side and a substrate edge 
on the other. Similarly, beams 502b-502c can be referred to 
as internal beams as they de?ne slots on tWo sides. Beams 
502a-502d have Widths W1-W4 respectively at ?rst surface 
302a as measured transverse the slots’ long axes. 

[0047] Some print cartridge designs achieve effective inte 
gration of substrate 300a With cartridge body housing 330a 
by maintaining the Widest possible beam Width of the 
substrate’s narroWest beam relative to ?rst surface 302a. 
Such a con?guration can among other factors aid in molding 
cartridge body housing 330a. In this illustrated embodiment 
beam Widths W1-W4 are generally equal. 

[0048] Beams 502a-502d also de?ne Widths W5-W8 
respectively at second surface 303a as measured transverse 
the slots’ long axes. Some print cartridge designs con?gure 
substrate’s second surface 303a so that external beams 502a, 
502a' are relatively Wider than internal beams 502b, 502c to 
alloW placement of various electrical components overlying 
second surface 303a on the external beams. As shoWn in 
FIG. 5 print head substrate 300a incorporating one or more 
angled slots can achieve both a desired ?rst surface con 
?guration and a desired second surface con?guration. Fur 
ther, internal beams 502b, 502c of substrate 300a are stron 
ger and less likely to crack than a con?guration Where 
second surface Widths W6, W7 are maintained through the 
substrate’ thickness t. 

[0049] The embodiment shoWn in FIG. 5 has generally 
continuous slots When vieWed along the long axis. Other 
embodiments may have substrate material or ‘ribs’ extend 
ing across the substrate’s long axis from a beam de?ning one 
side of a slot to another beam de?ning an opposing side of 
the slot. 

[0050] FIGS. 6-6c illustrate one example Where ribs 602 
extend generally across an axis of slots 305g-305i. FIG. 6 
illustrates a top vieW of substrate’s second surface 303b. 
FIG. 6a illustrates a cut-aWay vieW of substrate 300b as 
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indicated in FIG. 6. FIGS. 6b-6c illustrate views taken 
generally orthogonally to the y-axis Which provide tWo 
exemplary rib con?gurations. 

[0051] As illustrated in FIGS. 6-6a ribs 602 extend 
betWeen beams 5026 and 502f, beams 502f and 502g, and 
beams 502g and 502k. FIG. 6b illustrates rib 602 illustrated 
in FIG. 6a in a little more detail, While FIG. 6c comprises 
a vieW similar to that illustrated in FIG. 6b of another 
exemplary rib con?guration. 

[0052] FIG. 6b illustrates an embodiment Where rib 602 
tapers from a ?rst Width W1 proximate ?rst surface 302b to 
a second Width W2 proximate second surface 303b. This is 
but one exemplary con?guration. For example other 
embodiments may maintain a generally uniform Width 
betWeen the ?rst and second surfaces. In this instance rib 
602 can approximate a frustrum. Such a con?guration may 
supply generally uniform ?uid How to various chambers, 
described above, Which can be supplied by slot 305g. Other 
embodiments may utiliZe other rib shapes. In the embodi 
ment illustrated in FIGS. 6a-6b height h of rib 602 equals 
thickness t of substrate 300b. 

[0053] FIG. 6c illustrates an alternative con?guration 
Where rib height h is less than thickness t. In this particular 
instance rib 602a extends from ?rst surface 302b but does 
not reach second surface 303b. Con?gurations Which utiliZe 
a height h less than thickness t may contribute to a uniform 
?uid environment for various chambers supplied by slot 
305g. 
[0054] FIG. 7 illustrates a cross-sectional representation 
of another exemplary substrate 300c. This cross-sectional 
vieW is similar to the vieW illustrated in FIG. 4 and is 
transverse the long axis. TWo slots 305j, 305k extend 
through substrate 300c along bores b 4, b5 respectively Which 
are not transverse to ?rst surface 302c. In this instance bores 
b4, b5 intersect midpoints of Widths W8, W9 and W10, W11 
respectively. 
[0055] In this embodiment slot 305j is de?ned, at least in 
part, by a ?rst sideWall 702a and a second sideWall 702b. 
Similarly, slot 305k is de?ned, at least in part, by a ?rst 
sideWall 702c and a second sideWall 702d. 

[0056] During operation of a print cartridge incorporating 
substrate 300c bubbles may occur. Some of the described 
embodiments can alloW a bubble to evacuate more readily 
from the print head compared to a traditional print head 
design. In this particular embodiment, a bubble is indicated 
generally at 704. Buoyancy forces acting upon bubble 704 
are directed along the Z-axis. Fluid ?oW along bore b5 can be 
represented as a vector having both y-axis and Z-axis com 
ponents. Generally only the Z-axis component of the ?uid 
?oW acts against the bubble’s buoyancy forces and the 
bubble is more likely to migrate toWard ?rst surface 302c 
and ultimately from the slot. In some instances bubble 704 
may migrate toWard ?rst sideWall 702c and then up the ?rst 
sideWall toWard ?rst surface 302c. 

[0057] Where multiple bubbles occur the bubbles may 
migrate toWard and up ?rst sideWall 702c. FolloWing a 
common path may tend to force the bubbles together leading 
to agglomeration. If the bubbles agglomerate they may pass 
out of the slot more quickly than they otherWise Would. 
Agglomeration may assist With bubble removal because the 
buoyant force acts to move the bubble upWards against the 
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ink ?oW. This buoyant force may become increasingly 
dominant as the bubbles agglomerate and groW because it 
increases With the cube of the bubble diameter Whereas the 
drag force induced by the doWnWard ink ?oW increases only 
With the square of the bubble diameter. 

[0058] As represented in FIG. 7 Width W8 of slot 305j at 
?rst surface 302c is greater than Width W9 at second surface 
303c. Similarly, Width W10 of slot 305k at ?rst surface 302c 
is greater than Width W11 at second surface 303c. In this 
embodiment slots 305j, 305k have a slot pro?le Which 
generally increases from second surface 303c toWard ?rst 
surface 302c. As such if bubble 704 has a volume suf?cient 
to contact both sideWalls 702a, 702a' simultaneously the less 
constrictive Width environment progressively available 
toWard ?rst surface 302c can provide a driving force to move 
bubble 704 toWard the ?rst surface 302c and ultimately out 
of the print head. 

[0059] FIGS. 8-8b represent another substrate 300d. FIG. 
8 represents a perspective vieW, While FIG. 8a represents a 
cross-sectional vieW taken along line a-a indicated in FIG. 
8 and FIG. 8b represents a cross-sectional vieW taken along 
line b-b. In this embodiment line a-a is generally parallel to 
a long axis of slot 3051 and line b-b is generally orthogonal 
the long axis. 

[0060] In this embodiment, When vieWed along its long 
axis slot 3051 generally approximates a portion of a paral 
lelogram 804 as best can be appreciated from FIG. 8a. Also, 
in this particular embodiment slot 3051 approximates a 
portion of a parallelogram 806 When vieWed transverse the 
long axis as best can be appreciated from FIG. 8b. Other 
slots can approximate other geometric shapes. Various slot 
shapes can alloW increased ?exibility of print head design 
over standard slot con?gurations. 

[0061] FIGS. 9a-9b and 10a-10b represent exemplary 
features and process steps for forming the features. In these 
tWo embodiments the term feature is employed. The feature 
may be a bind feature or a through feature comprising a slot. 

[0062] FIGS. 9a-9b represent cross-sectional vieWs of 
substrate 3006. FIG. 9a represents an intermediary step in 
forming a feature in the substrate, While FIG. 9b represents 
feature 905 formed in substrate 3006. Feature 905 can be 
utiliZed as a ?uid-handling slot or electrical interconnect, 
eg a via, among other uses. Feature 905 de?nes a bore axis 
b7 Which is not transverse ?rst surface 3026 and Which 
intersects a midpoint of the feature Width W12, W13 at the ?rst 
surface 3026 and the second surface 3036 respectively. 

[0063] Feature 905 is de?ned, at least in part, by one or 
more sideWalls. In this embodiment tWo sideWalls 902a, 
902b are indicated. Also in this embodiment individual 
sideWalls 902a, 902b have a ?rst sideWall portion 904a, 
904b respectively that is generally transverse to ?rst surface 
3026. Further in this embodiment individual sideWalls 902a, 
902b have a second different sideWall portion 906a, 906b 
that is not transverse the ?rst surface. 

[0064] Feature 905 can be formed With one or more 
substrate removal techniques. Examples of suitable substrate 
removal techniques are described beloW in relation to FIGS. 
11a-11c. One suitable formation method can involve remov 
ing substrate material from second surface 3036 as indicated 
generally at 910. The substrate removal process indicated at 
910 can form ?rst sideWall portions 904a, 904b. The same 
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removal process and/or one or more different removal 
processes can be utilized to remove substrate material indi 
cated generally at 912. In this instance the sideWall removal 
process indicated generally at 912 can form sideWall por 
tions 906a, 906b. The second removal process can be 
accomplished from either ?rst surface 3026, second surface 
3036‘ or a combination thereof. Other embodiments may 
conduct the substrate removal process indicated at 912 
before the substrate removal process indicated at 910. 

[0065] FIGS. 10a-10b shoW feature 905a formed in sub 
strate 300f. Feature 905a de?nes a bore axis b8 Which is not 
transverse ?rst surface 302f and intersects a midpoint of the 
feature Width W14, W15 at the ?rst surface 302f and at a 
bottom surface 1000 respectively. In this embodiment fea 
ture 905a can comprise a ?rst region 1001a and a second 
region 1001b. In some embodiments the tWo regions 1001a, 
1001b can be formed in distinct steps or as a single process. 

[0066] Feature 905a can be de?ned, at least in part, by one 
or more sideWalls. In this embodiment tWo sideWalls 1002a, 
1002b are indicated. Also in this embodiment individual 
sideWalls 1002a, 1002b have a ?rst sideWall portion 1004a, 
1004b respectively that is not transverse to ?rst surface 302f 
and lies at a ?rst angle (x4 relative to ?rst surface 302f 
Further in this embodiment individual sideWalls 1002a, 
1002b have a second different sideWall portion 1006a, 
1006b respectively that is not transverse the ?rst surface and 
Which lies at a second different angle as relative to ?rst 
surface 302f. These exemplary sideWall con?gurations can 
alloW greater microdevice design ?exibility. 

[0067] FIGS. 11a-11c shoW process steps for forming an 
exemplary feature in a substrate. 

[0068] FIG. 11a, illustrates a laser machine 1102 for 
removing substrate material suf?cient to form feature 905b 
in a substrate. Feature 905b generally can approximate a 
circle, an ellipsoid, a rectangle, or any other desired shape 
Whether regular or irregular. For purposes of explanation, an 
individual substrate 300g is illustrated here. Other embodi 
ments may act upon a Wafer or other material Which sub 
sequently can be separated or can be diced into individual 
substrates. 

[0069] In this embodiment, laser machine 1102 comprises 
a laser source 1106 con?gured to generate laser beam 1108 
for laser machining substrate 300g. Exemplary laser beams 
such as laser beam 1108 can provide sufficient energy to 
energiZe substrate material at Which the laser beam is 
directed. Energizing can comprise melting, vaporiZing, 
exfoliating, phase exploding, ablating, reacting, and/or a 
combination thereof, among others processes. Some exem 
plary laser machines may utiliZe a gas assist and/or liquid 
assist process to aid in substrate removal. 

[0070] In this embodiment substrate 300g is positioned on 
a ?xture or stage 1112 for processing. Suitable ?xtures 
should be recogniZed by the skilled artisan. Some such 
?xtures may be con?gured to move the substrate along x, y, 
and/or Z coordinates. 

[0071] Various exemplary embodiments can utiliZe one or 
more mirrors 1114, galvanometers 1116 and/or lenses 1118 
to direct laser beam 1108 at ?rst surface 302g. In some 
embodiments, laser beam 1108 can be focused in order to 
increase its energy density to machine the substrate more 
effectively. In these exemplary embodiments the laser beam 
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can be focused to achieve a desired beam geometry Where 
the laser beam contacts the substrate 300g. 

[0072] Laser machine 1102 further includes a controller 
1120 coupled to laser source 1106, stage 1112, and galva 
nometer 1116. Controller 1120 can comprise a processor for 
executing computer readable instructions contained on one 
or more of hardWare, softWare, and ?rmWare. Controller 
1120 can control laser source 1106, stage 1112 and/or 
galvanometer 1116 to form feature 905b. Other embodi 
ments may control some or all of the processes manually or 
With a combination of controllers and manual operation. 

[0073] As illustrated in FIG. 11a, laser beam 1108 is 
forming feature 905b into substrate 300g. Feature 905b is 
formed With stage 1112 orienting substrate’s ?rst surface 
302g generally transverse to laser beam 1108. Feature 905b 
extends along a bore axis Which is generally transverse to 
?rst surface 302g. In this instance the bore axis of feature 
905b can be represented by laser beam 1108 proximate the 
substrate. 

[0074] FIG. 11b illustrates a subsequent process step 
Where stage 1112 has repositioned substrate 300g to form 
feature 905c. In this embodiment stage 1112 can orient 
substrate 300g at an angle [3 less than 90 degrees relative to 
laser beam 1108. Various embodiments can utiliZe angles 
ranging from about 10 degrees to about 80 degrees. In some 
embodiments angle [3 can range from about 60 degrees to 
about 80 degrees. In other embodiments angle [3 can range 
from about 40 degrees to about 59 degrees. In still other 
embodiments angle [3 can range from about 20 degrees to 
about 39 degrees. In this particular embodiment angle [3 
comprises about 70 degrees. During laser machining, adjust 
ments can be made to stage 1112, lens 1118 and/or galva 
nometer 1116 to maintain focus of the laser beam on the 
substrate. This process can be utiliZed to form blind features 
and/or through features. Though FIG. 11b illustrates one 
exemplary con?guration Where stage 1112 and substrate 
300g are angled relative to laser beam 1108, other exemplary 
con?gurations may angle the laser beam and/or laser 
machine relative to the substrate to achieve a desired ori 
entation. Still other embodiments may angle both the laser 
beam and the substrate to achieve a desired orientation of the 
laser beam to the substrate. 

[0075] FIG. 11c illustrates a further process step forming 
another feature 905d. Stage 1112 repositioned substrate 
300g relative to laser beam 1108 to form feature 905d having 
a desired orientation. The skilled artisan should recogniZe 
other suitable con?gurations. 

[0076] Although speci?c structural features and method 
ological steps are described, it is to be understood that the 
inventive concepts de?ned in the appended claims are not 
necessarily limited to the speci?c features or steps described. 
Rather, the speci?c features and steps are disclosed as forms 
of implementation of the inventive concepts. 

What is claimed is: 
1. A microdevice comprising: 

a substrate having a ?rst substrate surface and a generally 
opposing second substrate surface; and, 

multiple features formed through the substrate betWeen 
the ?rst surface and the second surface, Wherein at least 
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one feature extends into and out of the substrate along 
a bore axis, and Wherein the bore axis is not transverse 
to the ?rst surface. 

2. The microdevice of claim 1, Wherein at least some of 
the multiple features comprise electrical interconnects. 

3. The microdevice of claim 1, Wherein at least some of 
the multiple features comprise ?uid-handling slots. 

4. The microdevice of claim 1, Wherein at least some 
features extend Within the substrate along a long axis and 
have a generally uniform Width betWeen the ?rst surface and 
the second surface as measured transverse to the long axis. 

5. The microdevice of claim 1, Wherein the at least one 
feature extends along a long axis that de?nes an angle of less 
than 90 degrees relative to a plane of the ?rst surface. 

6. The microdevice of claim 1, Wherein the at least one 
features extends along a long axis that de?nes an angle in a 
range of 10 degrees to 80 degrees relative to a plane the ?rst 
surface. 

7. The microdevice of claim 1, Wherein the at least one 
feature extends along a long axis that de?nes an angle of less 
than 90 degrees relative to a plane of the ?rst surface. 

8. The microdevice of claim 1, Wherein the at least one 
feature extends along a long axis that de?nes an angle in a 
range of 10 degrees to 80 degrees relative to a plane of the 
?rst surface. 

9. The microdevice of claim 1, Wherein a ?rst feature of 
the multiple features has a bore axis that is transverse to the 
?rst surface and a second feature of the multiple features has 
a bore axis that is not transverse to the ?rst surface. 

10. The microdevice of claim 1, Wherein an individual 
feature of the multiple features extends betWeen the ?rst 
surface and the second surface along a long axis that is 
generally parallel to the ?rst surface, Wherein a cross 
sectional area of the individual feature is substantially a 
parallelogram. 

11. The microdevice of claim 1 embodied as a print head. 

12. A microdevice comprising: 

a substrate extending betWeen a ?rst substrate surface and 
a generally opposing second substrate surface; and, 

at least one feature formed into the substrate along a bore 
axis that is not transverse to the ?rst surface and is not 
parallel to the ?rst surface. 

13. The microdevice of claim 12, Wherein the feature is 
formed in a substrate sideWall surface. 

14. The microdevice of claim 13, Wherein the feature 
extends betWeen the substrate sideWall surface and the ?rst 
surface. 

15. The microdevice of claim 13, Wherein the substrate 
sideWall surface is oriented obliquely to the ?rst substrate 
surface. 

16. The microdevice of claim 13, Wherein the substrate 
sideWall surface extends betWeen the ?rst substrate surface 
and the second substrate surface. 

17. The microdevice of claim 12, Wherein the feature is 
de?ned by at least one sideWall and Wherein a ?rst portion 
of the sideWall is generally transverse the ?rst surface and a 
second different portion of the sideWall is not transverse the 
?rst surface. 

18. The microdevice of claim 12, Wherein the feature is 
de?ned by at least one sideWall and Wherein a ?rst portion 
of the sideWall and a second portion of the sideWall are not 
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transverse the ?rst surface, and the ?rst portion lies at a ?rst 
angle relative the ?rst surface and the second portion lies at 
a second different angle. 

19. The microdevice of claim 12, Wherein a cross-sec 
tional area of the feature approximates an ellipsoid at the 
?rst surface. 

20. The microdevice of claim 12, Wherein a cross-sec 
tional area of the feature approximates a rectangle at the ?rst 
surface. 

21. The microdevice of claim 12, Wherein a cross-sec 
tional area of the feature approximates a regular geometric 
shape at the ?rst surface. 

22. The microdevice of claim 12, Wherein the feature 
extends betWeen the ?rst surface and the second surface. 

23. The microdevice of claim 12, Wherein the bore axis 
lies at an angle in a range of about 10 degrees to about 80 
degrees relative to the ?rst surface. 

24. The microdevice of claim 12, Wherein the bore axis 
lies at an angle in a range of about 60 degrees to about 80 
degrees relative to the ?rst surface. 

25. The microdevice of claim 12, Wherein the bore axis 
lies at an angle in a range of about 40 degrees to about 59 
degrees relative to the ?rst surface. 

26. The microdevice of claim 12, Wherein the bore axis 
lies at an angle in a range of about 20 degrees to about 39 
degrees relative to the ?rst surface. 

27. The microdevice of claim 12 embodied as a display 
device. 

28. The microdevice of claim 12 embodied as an inte 
grated circuit. 

29. A microdevice comprising: 

a substrate de?ned at least in part by a ?rst substrate 

surface; and, 
at least one feature formed into the substrate along a bore 

axis that is not transverse to the ?rst surface and is not 
parallel to the ?rst surface. 

30. The microdevice of claim 29, Wherein the feature is 
formed in the ?rst surface. 

31. The microdevice of claim 29, Wherein the feature 
extends betWeen the ?rst surface and a second surface. 

32. The microdevice of claim 31, Wherein the second 
surface is oriented obliquely to the ?rst surface. 

33. The microdevice of claim 31, Wherein the second 
surface is oriented orthogonally to the ?rst surface. 

34. A print head comprising: 

a substrate extending betWeen a ?rst substrate surface and 
a generally opposing second substrate surface; and, 

multiple ?uid-handling slots formed through the substrate 
betWeen the ?rst surface and the second surface, 
Wherein at the ?rst surface the multiple slots de?ne a 
?rst footprint having a ?rst area and Wherein at the 
second surface the multiple slots de?ne a second foot 
print having a second area, and Wherein the ?rst area is 
at least about 10 percent greater than the second area. 

35. The print head of claim 34, Wherein the ?rst footprint 
has a ?rst Width taken orthogonally to a long axis of the slots 
and the second footprint has a second Width taken orthogo 
nally to the long axis of the slots, and Wherein the ?rst Width 
is at least about 10 percent greater than the second Width. 

36. The print head of claim 35, Wherein the ?rst Width is 
at least about 20 percent greater than the second Width. 

37. A ?uid-ejecting device comprising: 
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a substrate extending betWeen a ?rst substrate surface and 
a generally opposing second substrate surface; and, 

at least one ?uid-handling slot extending betWeen the ?rst 
surface and the second surface along a long axis that is 
generally parallel to the ?rst surface, Wherein When 
vieWed transverse the long axis the slot has a ?rst Width 
at the ?rst surface de?ning a ?rst rnidpoint and a second 
Width at the second surface de?ning a second rnidpoint 
and Wherein a line intersecting the ?rst rnidpoint and 
the second rnidpoint is not orthogonal to the ?rst 
surface. 

38. The ?uid-ejecting device of claim 37, Wherein the ?rst 
Width is greater than the second Width. 

39. The ?uid-ejecting device of claim 38, Wherein the at 
least one slot has a slot pro?le When vieWed transverse the 
long axis that generally tapers from the second surface to the 
?rst surface. 

40. A rnicrodevice forrning method comprising: 

rernoving substrate material from a ?rst surface of a 
substrate to form a feature therein, and, 

Wherein the feature extends along a bore axis that is not 
transverse the ?rst surface. 

41. The method of claim 40, further comprising rernoving 
substrate material from a second substrate surface Which in 
combination With said rernoving substrate material from a 
?rst surface forms the feature. 

42. The method of claim 41, Wherein said rernoving 
substrate material from a second substrate surface occurs 
prior to said rernoving substrate material from a ?rst surface. 

43. The method of claim 41, Wherein said rernoving 
substrate material from a second substrate surface comprises 
one or more of etching, saWing and laser machining and said 
rernoving substrate material from a ?rst surface comprises 
one or more of etching, saWing and laser rnachining. 
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44. The method of claim 40, Wherein the rernoving 
cornprises laser rnachining the substrate at least in part by 
directing a laser beam at the substrate at a ?rst angle relative 
to the ?rst surface and then directing the laser beam at a 
second different angle relative to the ?rst surface. 

45. The method of claim 40, Wherein the rernoving 
cornprises laser rnachining the substrate at least in part by 
directing a laser beam at the substrate at a ?rst angle relative 
to the ?rst surface and from a direction suf?cient to contact 
the ?rst surface before contacting a second surface and then 
directing the laser beam at a second different angle relative 
to the ?rst surface and from a direction suf?cient to contact 
the second surface before contacting the ?rst surface. 

46. The method of claim 40, Wherein the rernoving 
cornprises directing a laser beam at the ?rst surface so that 
the laser beam is oriented at an angle in a range of about 10 
degrees to about 80 degrees relative to the ?rst surface. 

47. The method of claim 40, Wherein the rernoving 
cornprises directing a laser beam at the ?rst surface so that 
the laser beam is oriented at an angle in a range of about 60 
degrees to about 80 degrees relative to the ?rst surface. 

48. The method of claim 40, Wherein the rernoving 
cornprises directing a laser beam at the ?rst surface so that 
the laser beam is oriented at an angle in a range of about 40 
degrees to about 59 degrees relative to the ?rst surface. 

49. The method of claim 40, Wherein the rernoving 
cornprises directing a laser beam at the ?rst surface so that 
the laser beam is oriented at an angle in a range of about 20 
degrees to about 39 degrees relative to the ?rst surface. 

50. The method of claim 40, Wherein the rernoving forms 
the feature extending betWeen the ?rst surface and a gener 
ally opposing second surface. 


