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(57) ABSTRACT

A preprocessed semiconductor substrate such as a wafer 1s
provided with a metal etch mask which defines singulation
channels on the substrate surface. An 1sotropic etch process 1s
used to define a singulation channel with a first depth extend-
ing into the semiconductor substrate material. A second
anisotropic etch process 1s used to increase the depth of the
singulation channel while providing substantially vertical
singulation channel sidewalls. The singulation channel can be
extended through the depth of the substrate or, 1n an alterna-
tive embodiment, a predetermined portion of the inactive
surface of the substrate removed to expose the singulation
channels. In this manner, semiconductor die can be precisely
singulated from a water while maintaining vertical die side-
walls.

42 Claims, 3 Drawing Sheets
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METHOD FOR PRECISION INTEGRATED
CIRCUIT DIE SINGULATION USING
DIFFERENTIAL ETCH RATES

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application is a Broadening Reissue of U.S.
patent application Ser. No. 11/197,828, filed Aug. 5, 2005

(now U.S. Pat. No. 7,335,576), which claims priority to U.S.
[provisional patent application Ser.] Provisional Patent
Application No. 60/628,742, filed Nov. 18, 2004, and U.S.
[provisional patent application Ser.] Provisional Patent
Application No. 60/617,426, filed Oct. 8, 2004, each of which
[are] is incorporated fully herein by reference [and to which
priority is claimed pursuant to 35 USC 119].

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH AND DEVELOPMENT

N/A

BACKGROUND OF THE INVENTION

1. Field of the Invention

The 1invention relates to semiconductor water processing.
Specifically the mvention relates to a method for the precise
singulation of integrated circuit die from a semiconductor
substrate.

2. Description of the Prior Art

Semiconductor processing generally comprises multiple
photolithographic, etching, plating and doping steps to form
an array of individual itegrated circuit die on the surface of
a semiconductor substrate such as a water. Integrated circuit
die densities frequently range in the thousands of die per
waler, each die of which 1s separated from the others by a
narrow 1nactive boundary referred to as a die “street”. Once
integrated circuit die fabrication and test at the water level 1s
complete, the individual die are “singulated” from the watfer
for subsequent leadirame attachment, wirebonding and
encapsulation. Singulation 1s typically accomplished by cut-
ting along the die streets using a dicing saw.

Automated dicing saws use specialty dicing blades com-
monly ranging from 1-10 mils in width, which singulate the
individual die from the wafer by cutting along the die streets.
This mechanical method of singulation retains the undesir-
able attributes of backside water chipping and the character-
1stic “kert”” along the saw cut, which 1s the width of the blade
plus an additional width associated with mechanical toler-
ances of the saw and blade. For instance, a dicing blade that 1s
35 microns 1 width may have a 40-42 micron kert width,
dependent on saw set up.

Applications where very high tolerance die singulation 1s
required cannot accommodate the tolerances associated with
blade dicing or, for that matter, laser dicing. One such appli-
cation relates to focal plane array integrated circuit chips used
in four-sided, buttable stacks of interconnected die for use in
large area mosaic focal plane detector arrays. In such appli-
cations, die edge tolerances must be one micron or less to
mimmize loss of optical information and to maintain the
buttability of the stacks. The requirement of providing hali-
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pixel or less separation between detector stacks can be met by
defining the edge of a detector die using an optically precise,
photolithographic-based dicing technique. Large arrays can
be assembled from these stacks to form curved (concave or
convex) mosaic focal plane arrays.

Precision die singulation applications have requirements
for detector die to be diced within one micron of active
features on the die. Standard precision dicing 1s on the order
of 3 microns and cannot meet the high tolerances noted
above. Further, the edges of the detectors are required to be
highly orthogonal to each other to ensure accurate buttability.
Existing dicing means do not provide the necessary accuracy
tor the above applications.

What 1s needed 1s a method for precision die singulation
method which overcomes these limitations 1n the prior art.

BRIEF SUMMARY OF THE INVENTION

The illustrated embodiments of the mvention disclose a
method which takes advantage of differential etch rates in
semiconductor substrate materials by using one or more mask
and etch steps and an optional back-thinning of a partially
singulated water.

In a preferred embodiment, a semiconductor substrate,
such as a water, with individual integrated circuit die formed
thereon, 1s provided with a metal etch mask disposed over the
integrated circuitry on the walfer. The etch mask defines
exposed areas and unexposed (1.e., masked) areas on the
surface of the water. A singulation channel 1s formed 1n the
exposed areas using an 1sotropic reactive 1on etch whereby
the 1nitial channel has a depth below the base field oxide on
the substrate and into the silicon substrate itself. The etch
mask 1s removed and subsequent anisotropic deep reactive
ion etch 1s used to etch into the exposed silicon 1n the channel.

The channeled water 1s then back-thinned using mechani-
cal, chemical or CMP methods to the depth of the channel
whereby the individual die are singulated from the water by
the back-thinning step.

Alternative embodiments may comprise, without limita-
tion, one or more additional photoresist steps and varying
ctch depths and etch processes.

It 1s to be expressly understood that the mvention also
includes the product made from the method disclosed above.

While the apparatus and method has or will be described
for the sake of grammatical fluidity with functional explana-
tions, it 1s to be expressly understood that the claims, unless
expressly formulated under 35 USC 112, are not to be con-
strued as necessarily limited 1n any way by the construction of
“means’” or “steps’ limitations, but are to be accorded the tull
scope of the meaning and equivalents of the definition pro-
vided by the claims under the judicial doctrine of equivalents,
and 1n the case where the claims are expressly formulated

under 35 USC 112 are to be accorded full statutory equiva-
lents under 35 USC 112.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a top plan view of a semiconductor water with
integrated circuit die formed thereon.

FIG. 2 1s a cross-section of a water prior to the first etch step
of the mmvention showing the oxynitride passivation layer
removed to expose the etch mask.

FIG. 3 1s a cross-section of a waler subsequent to the first
1sotropic etch step of the invention.

FIG. 4 1s a cross-section of a water prior to the second
anisotropic etch step of the invention after the remaining etch
mask has been removed.
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FIG. 5 1s a cross-section of a wafer subsequent to the
second anisotropic etch step of the imnvention.

FIG. 6 1s a view of a preferred embodiment of a focal plane
array stack configuration formed from singulated die of the
invention and shows the detector chip with interconnected
support electronics 1n a “loaf of bread” orientation.

FIGS. 7a and 7b illustrate preferred embodiments of the
invention 1n the configuration of a convex and concave large
area mosaic focal plane array formed from a plurality of
integrated circuit stacks.

FI1G. 8 shows yet a further preferred embodiment of a large
areca mosaic focal plane array with interconnected support
clectronics 1n a coplanar orientation.

The mvention and 1ts various embodiments can now be
better understood by turning to the following detailed
description of the preferred embodiments which are pre-
sented as 1llustrated examples of the invention defined 1n the
claims. It1s expressly understood that the invention as defined
by the claims may be broader than the illustrated embodi-
ments described below.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

As 1s well known 1n the semiconductor manufacturing arts,
a common series of semiconductor process steps 1s ivolved
in the manufacturing of integrated circuit die.

Generally, such semiconductor process steps comprise:

1. Functional and schematic circuit design,

2. Circuit layout (which 1s dependent on factors such as
feature si1ze, material characteristics and foundry capabilities)
resulting 1n a composite circuit layout or drawing from which
individual circuit layer patterns are generated,

3. Digitizing each layer drawing,

4. Creating areticle from each layer drawing comprising an
image for directly patterning the image on a water or for the
generation of a photomask which may comprise multiple
reticle images. (Chrome on glass/quartz 1s a typical reticle
construction),

5. Forming a base field oxide layer on the surface of a
semiconductor water (also referred to as a substrate herein) to
form a protective layer and doping barrier,

6. Patterning the oxide layer to define locations for circuit
elements,

7. One or more additional layering, patterning and doping,
operations for the creation of desired circuit elements such as
transistors (n-type and/or p-type), capacitors, diodes, resis-
tors and the like, and the creation of 1nsulation and/or con-
ductive regions using appropriate passivation materials (e.g.,
polysilicon), dopants, and metallization. Typically, an oxyni-
tride layer 1s formed over the water after fabrication to protect
the underlying circuit elements from the environment and
mechanical damage.

8. Upon completion of the above semiconductor process
steps, waler sort, test and dicing of the water for further
processing typically follow.

Turning to the figures wherein like numerals designate like
clements among the several views, FIG. 1 shows a semicon-
ductor substrate, or waler 1, having a first surface 5 and a
second surface 10. First surface 3 has one or more preformed
integrated circuit die 135 formed thereon fabricated from the
above semiconductor process steps, separated by inactive
regions referred to herein as die streets 20. Prior art singula-
tion methods typically involve blade or laser dicing along die
streets 20.
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Two etching processes are utilized 1n the disclosed inven-
tion; reactive 10n etching (RIE) and deep reactive 1on etching
(DRIE).

Reactive 1on etching involves the conversion of an etch gas
into a plasma wherein an electrode 1s used to accelerate the
ions 1n such a manner as to etch a semiconductor substrate
using chemical and physical reactions. Reactive 10n etching
tends to exhibit undesirable 1sotropic etching characteristics
(1.e., vertical and lateral etching under a photomask) that are
not suitable for use where highly orthogonal sidewalls are
desired.

Deep reactive 1on etching 1s a variant of RIE that permaits
very high aspect ratio features to be fabricated with substan-
tially orthogonal sidewalls because 1t 1s an anisotropic pro-
cess. On the other hand, DRIE 1s not suitable for etching
through the silicon oxide/dielectric features 1n the layers con-
tamned 1n integrated circuit die but 1s well-suited for bulk
silicon etching. It 1s to be specifically noted that any aniso-
tropic etching process capable of vertical sidewall etching in
the substrate may be used 1n the present invention.

The disclosed invention takes advantage of several charac-
teristics of semiconductor processing; 1) silicon dioxide
etches very slowly compared to silicon in a deep reactive
etching process, 2) metal patterns can be used as etch masks
in a standard reactive etching process and, 3) accurate pho-
toalignment of mask features to a tolerance of one micron or
less cannot readily be achieved outside of a semiconductor
foundry environment but can be obtained 1f the etch masks are
patterned during the semiconductor processing steps at the
semiconductor foundry.

As seen 1n FIG. 2, the cross section of substrate 1 shows
multiple layers of an exemplar integrated circuit die which, in
FIG. 2 generally comprise a base field oxide 22, a plurality of
metal layers 25, 30 and 35, and an oxynitride passivation layer
37, all layers of which are built up upon first surface 5 of
substrate 1. Metal layer 35 1s the final metal layer and com-
prises at least one etch mask 50, preferably formed of a metal
material, which defines an exposed first surface area 55. Tn a
preferred embodiment, exposed surface area defines one or
more die streets 20.

First surface area 55 effectively comprises a sacrificial etch
region below die streets 20 which will be etched to create a
singulation channel for subsequent die singulation. Note that
ctch mask 50 may be disposed at any layer of integrated
circuit die 15 below which precision, orthogonal etching i1s
desired, which 1s preferably above the final circuit element
layer on a substrate or final metal layer provided at the semi-
conductor foundry.

A preferred embodiment of the invention incorporates
defining a 1-2 micron thick, 50 micron wide, aluminum
“ring” circumscribing the first surface area 535 on the water at
the final metal layer. This step 1s performed during the above
mentioned semiconductor processing steps to form an etch
mask for subsequent silicon oxide etching. The definition of
the etch mask at the reticle level during the semiconductor
processing steps permits the very high precision singulation
of the disclosed invention.

It has been determined that the atlorementioned aluminum
ctch mask will etch during the RIE process, albeit at a much
slower rate than the silicon oxide layers under first surface
area 535. A typical etch ratio of silicon oxide to aluminum 1s
approximately 6:1 during this process step. Accordingly, a
1-2 micron thick etch mask will allow a silicon oxide etch
depth 1n the range of 6-12 microns before the etch mask 1s
ctched away by the process.

In cases where the entire active surface of a substrate 1s
passivated after water fabrication, such as with an oxynitride




US RE43,877 E

S

layer, 1t will be necessary to expose the underlying preformed
metal etch mask 1n a separate process step as 1s well known in
the semiconductor arts.

Referring to FIG. 3, a first photoresist 60 or equivalent
structure 1s applied over the surface of substrate 1 where to
protect the major portion of the substrate surface during the
first RIE etching phase. First photoresist 60 should be applied
such that only the metal etch mask 50 and the first surface
areas to be etched are exposed to the RIE process. Failure to
protect the remaining substrate surface could result in the
undesirable etching of the surface passivation/oxynitride
layer of the water.

First surface area 55 1s then exposed to an RIE etch process
such as a CF4/SF6 process as 1s well known 1n the semicon-
ductor processing arts.

As 1llustrated 1n FIG. 3, the silicon oxide layers below first
surface area 335 have been etched to a predetermined first
depth, preferably to a depth of 5-6 microns, to create a sin-
gulation channel 65. Singulation channel 65 1s preferably a
depth of at least that of the integrated circuit die layers and
preferably penetrating below the lowermost field oxide layer
22 and exposing the semiconductor substrate material. Note
the depth of singulation channel 65 will be increased 1n sub-
sequent process steps to allow the precision singulation of
integrated circuit die along the singulation channel

Referring now to FIGS. 4 and 5, at this process step,
remaining portions of etch mask 50 are substantially removed
such as by a suitable etching step. This 1s necessary since the
subsequent DRIE process 1s incompatible with exposed
metal. A second photoresist step 67 1s then applied to cover
the remaiming substrate surface areas other than those areas
that will be exposed to the subsequent DRIE process.

First surface 5 1s then exposed to a second etching process,
preferably an anisotropic DRIE process such as 1s used in the
creation of MEMS structures whereby the exposed silicon 1n
singulation channel 63 1s bulk etched. Such etching processes
are very anisotropic and allow high aspect ratio etching 1n
silicon. In a preferred embodiment, DRIE etch depths were
on the order of 50-70 microns.

Two major DRIE processes, both of which are anisotropic,
are applicable to the disclosed nvention. The first DRIE
fabrication method (i.e., etching that mmvolves little or no
undercutting under a photomask) involves alternating etching
and passivation layer creation wherein an etch phase 1s fol-
lowed by the deposition of a passivation layer. A common
process 1s the use of SF6 1n the etch phase and the use of a
fluorocarbon (e.g., C4F8) in the passivation phase. A repeated
etch phase occurs, primarily etching the base of the etched
feature, penetrating and etching the passivation layer and
underlying substrate while having a lesser effect on the side-
wall. By repeating the above steps, a substantially vertical
sidewall 1n an etched feature can be created, leaving a slightly
scalloped vertical sidewall.

One such DRIE process 1s disclosed in U.S. Pat. No. 5,501,
893 to Laermer, et al., enfitled Method of Anisotropically
Etching Silicon, the entirety of which 1s incorporated tully
herein by reference.

An alternate DRIE process for use with the disclosed
invention comprises the use cryogenic temperatures in the
order of —100 C to —130 C to reduce the sidewall etch rate
during the etch phase and can be used for through-wafer
ctching. This process uses spontancous chemical etching
using fluorine radicals (e.g. SF6) and using oxygen radicals
(e.g., S1I0xFy) for passivation to allow anisotropic etching.

In an alternative preferred embodiment, a predetermined
portion 70 of second surface 10 1s removed slightly beyond
the depth of singulation channel 65, such as by lapping,
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grinding, polishing or chemical mechanical polishing (CMP)
or equivalent processes as are well known 1n the semiconduc-
tor arts. When the floor of the singulation channel 1s exposed
by this step, the individual die 15 are released from substrate
1 precisely along the singulation channel.

Because the geometry of singulation channel 65 was
defined using optically precise photolithographic processes
generally available only at a semiconductor foundry level, the
alignment tolerances of etch mask 50 are very high. Further,
because the singulation channels are formed using 1sotropic
ctching penetrating the very minimal depth of integrated cir-
cuit layers 135 and then using the anisotropic DRIE etching in
the bulk silicon underneath, precision singulation along die
streets 20 1s achieved.

In an alternative embodiment of the invention, the second
etching process, such as cryogenic DRIE process capable
forming singulation channels through the entire depth of sub-
strate 1, 1s used to avoid the need to backthin substrate 1.

Turning to FIG. 6, a view of a preterred focal plane array
stack configuration 1s shown, formed from singulated die of
the invention and shows the detector chip with interconnected
support electronics 1 a “loat of bread” orientation.

FIGS. 7a and 7b illustrate a preferred configuration of a
convex and concave large area mosaic focal plane array
formed from a plurality of those stacks.

FIG. 8 shows yet a further preferred embodiment of a large
area mosaic focal plane array with interconnected support
clectronics 1n a coplanar orientation.

Many alterations and modifications may be made by those
having ordinary skill in the art without departing from the
spirit and scope of the invention. Therefore, 1t must be under-
stood that the illustrated embodiment has been set forth only
for the purposes of example and that 1t should not be taken as
limiting the invention as defined by the following claims. For
example, notwithstanding the fact that the elements of a claim
are set forth below 1n a certain combination, 1t must be
expressly understood that the invention includes other com-
binations of fewer, more or different elements, which are
disclosed in above even when not 1nitially claimed 1n such
combinations.

The words used 1n this specification to describe the inven-
tion and 1ts various embodiments are to be understood not
only 1n the sense of their commonly defined meanings, but to
include by special definition 1n this specification structure,
material or acts beyond the scope of the commonly defined
meanings. Thus 1f an element can be understood 1n the context
ol this specification as including more than one meaning, then
its use 1n a claim must be understood as being generic to all
possible meanings supported by the specification and by the
word 1tself.

The defimitions of the words or elements of the following
claims are, therefore, defined 1n this specification to include
not only the combination of elements which are literally set
forth, but all equivalent structure, material or acts for per-
forming substantially the same function 1n substantially the
same way to obtain substantially the same result. In this sense
it 1s therefore contemplated that an equivalent substitution of
two or more elements may be made for any one of the ele-
ments 1 the claims below or that a single element may be
substituted for two or more elements 1n a claim. Although
clements may be described above as acting in certain combi-
nations and even initially claimed as such, 1t 1s to be expressly
understood that one or more elements from a claimed com-
bination can in some cases be excised from the combination
and that the claimed combination may be directed to a sub-
combination or variation of a subcombination.
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Insubstantial changes from the claimed subject matter as
viewed by a person with ordinary skill in the art, now known
or later devised, are expressly contemplated as being equiva-
lently within the scope of the claims. Therefore, obvious
substitutions now or later known to one with ordinary skill in 5
the art are defined to be within the scope of the defined
clements.

The claims are thus to be understood to include what 1s
specifically 1llustrated and described above, what 1s concep-
tually equivalent, what can be obviously substituted and also 10
what essentially incorporates the essential 1dea of the mnven-
tion.

We claim:

1. A method for singulating an integrated circuit die froma 15
semiconductor substrate Jcomprised of the steps of] tke
method comprising:

providing a semiconductor substrate [comprising] includ-

ing a first surface and a second surface,

[said] wherein the first surface [having] comprises at least 20
one preformed integrated circuit die formed thereon,
[said] wherein the at least one preformed integrated circuit

die [further comprising] includes a metal etch mask as
part of a metal layer defined by a reticle during at least
one of the same semiconductor processing steps [as] 25
used to fabricate [said] the at least one preformed inte-
grated circuit die 1n a set of semiconductor foundry
processes, and

[said] wherein the metal etch mask is disposed below a

oxynitride passivation layer|,] to define a first surface 30
areal,];

defimng a singulation channel with a predetermined first

depth on [said] ¢%e first surface area using a first etching
process|.]; and[.]

increasing [said] #4e first depth to a predetermined second 33

depth using a second etching process.

2. The method of claim 1, further comprising [the step of]
removing a predetermined portion of [said] ¢/ze second sur-
face, whereby [said] tie singulation channel is exposed on
[said] #ze second surface [whereby said] such that the at least 40
one preformd integrated circuit die is singulated from [said]
another preformed integrated cirvcuit die or from a portion of
the semiconductor substrate.

3. The method of claim 1, wherein [said] #e first etching
process 1s a reactive 1on etching process. 45
4. The method of claim 1, wherein [said] #ze second etch-

ing process 1s a deep reactive 10n etching process.

5. The method of claim 1, wherein [said] #ze first etching
process 1s an 1sotropic etching process.

6. The method of claim 1, wherein [said] #%2e second etch- 50
Ing process 1s an anisotropic etching process.

7. The method of claim 1, wherein [said] #ze first etching
process is an isotropic etching process and [said] ¢%e second
etching process 1s an anisotropic etching process.

8. The method of claim 1, wherein [said] ke first etching 55
process is a reactive ion etching process and [said] #2e second
etching process 1s a deep reactive 1on etching process.

9. The method of claim 1, wherein [said] #4e first depth is
between [6-12] 6 and 12 microns and [said] #ze second depth
1s between 50 and 70 microns. 60

10. The method of claim 1, wherein [said] the metal etch
mask [is comprised of] comprises aluminum.

11. The method of claim 1, wherein [said] the metal etch
mask is provided on [said] ¢%e first surface during a series of
semiconductor process steps. 65

12. The method of claim 2, wherein [said] ¢/e predeter-
mined portion 1s removed by a lapping process.

8

13. The method of claim 2, wherein [said] tke predeter-
mined portion is removed by a [CMP] chemical-mechanical
polishing process.

14. The method of claim 6, wherein [said] #2ze anisotropic
ctching process 1s performed at a temperature of between
about [-100] -700° C. and about [-130] -/30° C.

15. A method for singulating an integrated circuit, the
method comprising:

forming a singulation channel to a first depth in a substrate
using a metal etch mask to define the singulation chan-
nel, wherein the metal etch mask is part of a metal layer
of an integrated circuit defined by a reticle during one of
the same semiconductor processing steps as used to
Jabricate the integrated circuit in a set of semiconductor
Joundry processes, and wherein the metal etch mask is
located below an oxynitride passivation layer; and

extending the singulation channel to a second depth.

16. The method of claim 15, wherein the integrated cirvcuit
is formed on the substrate, and whervein the singulation chan-
nel is located between the integrated circuit and another
integrated circuit formed on the substrate.

17. The method of claim 15, further comprising vemoving a
portion of the substrate to expose the singulation channel and
singulate the integrated civcuit from another integrated cir-
cuit or from a portion of the substrate.

18. The method of claim 17, wherein said removing a
portion of the substrate comprises at least one of lapping or
grinding the substrate.

19. The method of claim 17, wherein said removing a
portion of the substrate comprises polishing the substrate
using a chemical-mechanical polishing process.

20. The method of claim 17, wherein said extending the
singulation channel to a second depth comprises extending
the singulation channel entively through the substrate.

21. The method of claim 15, wherein said forming a singu-
lation channel is performed using a first etching process, and
wherein said extending the singulation channel to a second
depth is performed using a second etching process.

22. The method of claim 21, whevrein the first etching pro-
cess comprises a reactive ion etching process.

23. The method of claim 21, wherein the second etching
process comprises a deep reactive ion etching process.

24. The method of claim 21, wherein the first etching pro-
cess comprises an isotrvopic etching process.

25. The method of claim 21, whervein the second etching
process comprises an anisotropic etching process.

26. The method of claim 15, whevein the first depth is
between 6 and 12 microns and the second depth is between 50
and 70 microns.

27. The method of claim 15, wherein the metal etch mask
comprises aluminum.

28. The method of claim 135, further comprising removing
at least a portion of the metal etch mask after said forming a
singulation channel.

29. The method of claim 15, further comprising applying a
photoresist layer over at least a portion of the integrated
circuit, at least a portion of the oxynitride passivation layer,
or at least a portion of a substrate upon which the integrated
circuit is formed.

30. The method of claim 15, further comprising exposing
the metal etch mask by removing at least a portion of the
oxynitride passivation layer.

31. A method for singulating a die, the method comprising:

etching a singulation channel in a substrate between a fivst

integrated circuit and a second integrated civcuit using a
first etching process, wherein the singulation channel is
Jormed to a first depth using a metal etch mask that is
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located below an oxynitride passivation laver and that is
part of a metal laver of the first integrated civcuit that is
defined by a rveticle during fabrication of the first inte-
grated circuit in a set of semiconductor foundry pro-
cesses; and

extending the singulation channel to a second depth using

a second etching process that is diffevent from the first
etching process.

32. The method of claim 31, further comprising extending
the singulation channel entively through the substrvate such
that the first integrated civcuit is singulated from the second
integrated civcuit ov from a portion of the substrate.

33. The method of claim 31, further comprising removing a
portion of the substrate to expose the singulation channel
such that the first integrated circuit is singulated from the

second integrated civcuit or from a portion of the substrate.

34. The method of claim 33, wherein said removing a
portion of the substrate comprises at least one of lapping the
substrate or polishing the substrate using a chemical-me-
chanical polishing process.

35. The method of claim 31, wherein the first etching pro-
cess is a reactive ion etching process and the second etching
process is a deep reactive ion etching process.

36. The method of claim 31, wherein the first etching pro-
cess is an isotropic etching process and the second etching
process is an anisotropic etching process.
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37. The method of claim 31, wherein the second etching
process comprises alternating multiple etching phases with
multiple passivation layver creation phases such that each
etching phase is followed by a deposition of a passivation
layer.

38. The method of claim 31, whervein the second etching
process is performed between about —100° C. and -130° C.

39. The method of claim 31, further comprising applyving a
photoresist layer over at least a portion of the first integrated
circuit, at least a portion of the oxynitride passivation layer,
or at least a portion of the substrate.

40. The method of claim 31, further comprising exposing
the metal etch mask by removing at least a portion of the
oxynitride passivation layer.

41. The method of claim 31, further comprising removing
all of the metal etch mask prior to said extending the singu-
lation channel to a second depth.

42. The method of claim 41, further comprising:

applving a first photoresist layer over at least a portion of

the first integrated cirvcuit, at least a portion of the oxyni-
tride passivation layer, or at least a portion of the sub-
strate prior to said etching a singulation channel; and
applving a second photoresist layer over at least a portion
of the first integrated civcuit or at least a portion of the
substrate after said vemoving all of the metal etch mask.

¥ ¥ # ¥ ¥
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