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TECHNIQUES FOR MANIPULATING PATTERNED FEATURES USING IONS

Field

[0001] The present embodiments relate to transistor processing techniques, and more

particularly, to processing for three dimensional device formation.

Background

[0002] As semiconductor devices continue to scale to smaller dimensions, the ability
to pattern features becomes increasingly difficult. These difficulties include in one aspect the
ability to obtain features at a target size for a given technology generation. Another difficulty
is the ability to obtain the correct shape of a patterned feature, as well as the correct

placement of a patterned feature.

[0003] With respect to these and other considerations the present improvements may
be useful.

Brief Summary
[0004] In one embodiment, a method may include providing a surface feature on a

substrate, the surface feature comprising a feature shape a feature location, and a dimension
along a first direction within a substrate plane; depositing a layer comprising a layer material
on the surface feature; and directing ions in an ion exposure at an angle of incidence toward
the substrate, the angle of incidence forming a non-zero angle with respect to a perpendicular
to the substrate plane, wherein the ion exposure comprises the ions and reactive neutral
species, the ion exposure reactively etching the layer material, wherein the ions impact a first
portion of the surface feature and do not impact a second portion of the surface feature, and

wherein an altered surface feature is generated, the altered surface feature differing from the
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surface feature in at least one of: the dimension along the first direction, the feature shape, or

the feature location.

[0005] In another embodiment, a method of processing a substrate may include
providing a cavity in the substrate, the cavity having a first dimension along a first direction
within a substrate plane and a second dimension along a second direction within the substrate
plane, the second direction being perpendicular to the first direction; depositing a layer
comprising a layer material within the cavity; and directing ions in an ion exposure at an
angle of incidence toward the substrate, the angle of incidence forming a non-zero angle with
respect to a perpendicular to the substrate plane; wherein the ion exposure comprises the ions
and reactive neutral species, the ion exposure reactively etching the layer material, wherein
the ions impact a first portion of the cavity and do not impact a second portion of the cavity,

and wherein the first dimension is selectively altered with respect to the second dimension.

[0006] In a further embodiment, a method of processing a substrate may include
providing a cavity in the substrate, the cavity disposed at a first cavity location within the
substrate; depositing a layer comprising a layer material within the cavity; and directing ions
in an ion exposure at an angle of incidence toward the substrate, the angle of incidence
forming a non-zero angle with respect to a perpendicular to the substrate plane; wherein the
ion exposure comprises the ions and reactive neutral species, the ion exposure reactively
etching the layer material, wherein the ions impact a first portion of the cavity and do not
impact a second portion of the cavity, and wherein the cavity is disposed at a second cavity

location in the substrate after the ion exposure.
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Brief Description of the Drawings

[0007] FIGs. 1A-1D depict one example of processing of a device structure

according to various embodiments of the disclosure;

[0008] FIGs. 2A-2D depict another example of processing of a device structure

according to embodiments of the disclosure;

[0009] FIGs. 3A-3G depict processing of a device structure according to further

embodiments of the disclosure;

[0010] FIGs. 4A-4B depict processing of a device structure according to other

embodiments of the disclosure;

[0011] FIGs. SA-5C show processing of a device structure according to additional

embodiments of the disclosure;

[0012] FIGs. 6A-6F illustrate processing of a device structure according to still other

embodiments of the disclosure;

[0013] FIG. 7A to FIG. 7C illustrate another example of processing a device

according to some embodiments of the disclosure;

[0014] FIGs. 8A-8G another example of processing a device according to some

additional embodiments of the disclosure;

[0015] FIG. 9A illustrates an exemplary processing apparatus according to

embodiments of the disclosure; and

[0016] FIG. 9B depicts details of an exemplary extraction plate according to

embodiments of the disclosure.
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Detailed Description

[0017] The present embodiments will now be described more fully hereinafter with
reference to the accompanying drawings, where some embodiments are shown. The subject
matter of the present disclosure may be embodied in many different forms and are not to be
construed as limited to the embodiments set forth herein. These embodiments are provided
so this disclosure will be thorough and complete, and will fully convey the scope of the
subject matter to those skilled in the art. In the drawings, like numbers refer to like elements

throughout.

[0018] This present embodiments provide novel techniques to pattern substrates and
in particular novel techniques to modify a feature disposed on a substrate surface or
extending from a substrate surface into the substrate. As used herein the term "substrate"
may refer to an entity such as a semiconductor wafer, insulating wafer, ceramic, as well as
any layers or structures disposed thereon. As such, a surface feature, layer, series of layers,
or other entity may be deemed to be disposed on a substrate, where the substrate may

represent a combination of structures, such as a silicon wafer, oxide layer, and so forth.

[0019] In various embodiments, the surface feature may be used for patterning a layer
disposed underneath the surface feature. Examples of a surface feature include a hole formed
within a layer, such as a via, or trench. In other examples a surface feature may be a pillar, a
mesa structure, a line structure (line), or other feature extending above a substrate. The term
"hole" may refer to a structure extending through the entirety of a layer, such as a via. The
term "hole" may also refer to a structure such as a depression or recess formed within a layer
not extending through the entirety of the thickness of a layer. Moreover, the term "layer" as

used herein may refer to a continuous layer, a semicontinuous layer having blanket regions
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and regions of isolated features, or a group of isolated features generally composed of the

same material and disposed on a common layer or substrate.

[0020] In various embodiments, techniques are provided to modify a surface feature
or surface features. The techniques may be applied to the surface features after lithography
processing is performed to form the surface feature(s). In various embodiments, the surface
feature may be defined in photoresist, a hard mask material such as oxide, nitride, or carbon
containing material, or other material. This post-lithography processing may overcome
shortfalls of known lithography, especially at the nanometer scale, such as for features having
minimum dimensions in the range of 2 nm to 100 nm. The embodiments are not limited in

this context.

[0021] Various embodiments are related to lithographic patterning and subsequent
etching of patterned features used to fabricate features in a substrate, such as a device feature
or group of features including an integrated circuit. The techniques disclosed herein in
particular address problems associated with fabricating smaller patterned features where the
patterned features may be more closely packed than in arrangements achievable through
optical lithography alone. Various embodiments also address problems associated with

pattern positioning and registration.

[0022] The present embodiments provide improvements over known techniques such
as directional deposition, photoresist trim, focused ion beam modification, shrink etch, and
tapered etch during etch of mask. In the latter technique, a feature may shrink in all

directions. Notably, if a feature is asymmetric, the shrink is greater in the longer dimension.

[0023] In accordance with various embodiments a multiple operation process includes

a deposition operation, such as a conformal deposition operation, where the deposition
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operation is performed on lithographically defined features, referred to herein as a "surface

feature." This deposition operation may be performed on a developed photoresist feature. or
alternatively on a feature formed in an etched film making up part or all of a hardmask, where
the hardmask will eventually define the feature in the target material. Alternatively, the

surface feature may comprise a final material in a substrate, where the final material is not

subsequently removed.

[0024] In a subsequent operation, a directed etch including an ion exposure may be
performed to etch at least a portion of the surface feature in a manner achieving one of the
following: (a) a feature reduced in dimension along a first direction while not reduced in
dimension along a second direction orthogonal to the first direction; (b) a new feature where
the new feature is reduced in dimension in a first direction and is longer in dimension than
the original surface feature in the second direction orthogonal to the first direction; (¢) a
feature shifted in position relative to its original position. As used herein the term
"dimension" may refer to a length, width, depth or height of a feature such as a surface
feature along a given direction. In various embodiments, the surface feature may be reduced
in size in addition to being shifted from an original position. According to some
embodiments, the material deposited in the deposition operation may be a first material
different to the second material used as the mask material, i.e., the patterned feature material

before processing.

[0025] One advantage to these embodiments is realized where an etch having
selectivity to just the deposited material can be taken advantage of, while the original mask
material of the surface feature serves as an etch stop. This selectivity can help improve
within-wafer uniformity and local critical dimension uniformity (LCDU) of the patterned

features. In other embodiments, the material deposited in the deposition operation may be the
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same as the mask material (substrate feature material before processing). This latter approach
avoids complications during the final etch transfer to the target layer when the mask is

composed of more than one material.

[0026] In still additional embodiments, the deposition process may be controllably
varied across a wafer (substrate) using techniques available in a deposition chamber used to
perform the selective deposition. This variation may achieve controllably variable changes to
the dimensions of targeted features. For example, multi-zone heating across different
portions of a substrate may achieve this result. In a subsequent operation, if a uniform etch is
performed, local overlay error or variation in critical dimension (CD) may be reduced or

eliminated by the intervening selective deposition operation.

[0027] FIGs. 1A-1D depict one example of processing a substrate such as a device
structure according to various embodiments of the disclosure. In FIG. 1A there is shown a
side cross-sectional view of a substrate 100 including a surface feature in the form of a
cavity 102. In various embodiments, the cavity 102 may be a lithographically patterned
feature formed by a known technique. The substrate 100 includes a substrate base 104,
where the substrate base 104 may be composed of a first material. As noted in some
examples, the substrate base 104 may be a hard mask material, a material such as SiO2, or
anti-reflective coating (ARC). Examples of known ARC materials may include silicon,
carbon, or other combination of materials. The embodiments are not limited in this context.
The substrate 100 may be patterned by known lithographic techniques to form the cavity 102.
As shown in FIG. 1C, presenting a plan view, the cavity 102 may have a rectangular shape
such as appropriate for a contact or via. The illustration in FIG. 1C is for purposes of
clarification, and the cavity may assume any shape including curved shapes, or complex

shapes in other embodiments. In accordance with various embodiments, a layer 106 may be
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deposited on the substrate base 104, where the layer 106 is also deposited within the
cavity 102 and coats the cavity 102. In some embodiments the layer 106 may be deposited in
a conformal manner so vertical surfaces (parallel to the Z-axis) as well as horizontal surfaces
(parallel to the X-Y plane) are coated. In various embodiments, the layer thickness of
layer 106 may be chosen so the layer thickness is less than approximately half of the smallest
dimension (along the X-axis). The embodiments are not limited in this context. The
layer 106 may be deposited by chemical vapor deposition (CVD), physical vapor deposition
(PVD), atomic layer deposition (ALD), or other technique. The embodiments are not limited
in this context. The layer 106 may comprise a second material different from the first
material of the substrate base 104, or the layer 106 may comprise a same material as the first
material of the substrate 104. For example, the layer 106 may be SiN, SiO2, SiARC, TiN. To
name just one example where the material of layer 106 differs from the substrate base 104,
the layer may be SiN while the base is Si02. Such a combination, among others, allows the
substrate base 104 to act as an etch stop for etching of layer 106 given the appropriate etch
chemistry where SiN is etched selectively with respect to SiO2. As an example, the
cavity 102 may have dimensions of 10 nm, 20 nm, or 50 nm, while the thickness of the

layer 106 is less than Snm, 10nm, or 25 nm, respectively.

[0028] According to various embodiments, in a subsequent operation, directional
ions, shown as ions 110, may be directed to the substrate 100 in an ion exposure as shown in
FIG. 1A. The ions 110 may be directed at an angle of incidence forming a non-zero angle (0)
with respect to a perpendicular 120 to the substrate plane P. According to various
embodiments, the angle 6, may vary between 5 degrees and 85 degrees. The embodiments

are not limited 1n this context.
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[0029] The ions 110 may accordingly strike at least one sidewall, in this case shown
as sidewall 108. In various embodiments, the ions 110 may be provided in an ion exposure
including a reactive mixture, where the reactive mixture etches the layer material of
layer 106. The reactive mixture may be effective to volatilize layer material of layer 106 so
material is evacuated and does not redeposit on other portions of the substrate 100 or
cavity 102, as in known reactive ion processes. Etching of the layer material of layer 106
may in particular occur in regions of the substrate 100 impacted by the ions 110Various
embodiments extend to the use of a broad array of gas mixtures used for conventional
reactive ion etching (RIE) processing. Thus, in addition to providing ions to a substrate at a
chosen angle(s) of incidence, the substrate 100 is simultaneously exposed to reactive species,
where the reactive species, together with the incident ions, generate reactive etching of at
least the layer 106 of the substrate. One chemical system commonly used in the industry for
RIE processing is CHsF mixed with O2. This chemical system represents a known system for
selectively etching SiN with respect to SiOz or Si. Another example is the use of CF4 or C4Fs
for etching Si02. A further example is the use of Cl2 based chemistry for etching TiN. In
other embodiments, any known RIE etch recipes may be applied for etching the layer 106
according to the composition of layer 106 and the composition of substrate base 104. The
use of this chemical system in RIE processing leads to two competing mechanisms taking
place on the surfaces of all materials on a substrate subjected to the RIE plasma. The first
mechanism is etching of the surfaces of the substrate, while the second mechanism is
deposition of a carbon-based polymer on substrate surfaces. Under certain process conditions
polymer deposition may be useful as the dominant mechanism at the substrate surface when
not subject to ion bombardment. Notably, energetic ion bombardment by species extracted

from the RIE plasma can break apart the polymer and produce dangling bonds at the material
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surface, causing etching of the surface to become the dominant mechanism. Many other
chemical systems may be used as needed to provide a reactive ion etching process according

to the material to be reactively etched, as will be appreciated by those of skill in the art.

[0030] In the operation generally depicted in FIG. 1A, the substrate 100 may be
exposed to reactive neutral species 124, where the reactive neutral species are derived from
precursor gas composition used to generate the RIE plasma. The reactive neutral species 124
may arrive isotropically to the substrate 100, where every portion of the different exposed
surfaces of the substrate 100 are impacted by the reactive neutral species 124, as shown in
FIG. 1A. Notably, the present embodiments harness the principles of known RIE processing
where etching of a given surface is enhanced in the presence of ions. Notably, in accordance
with the present embodiments, etching may take place just in regions of the substrate 100
impacted by the directional ions, i.e., in regions impacted by the ions 110, while leaving other

surfaces unetched.

[0031] Turning now to FIG. 9A an exemplary processing apparatus, shown as
processing apparatus 900, is illustrated, for providing an ion exposure as also illustrated in
FIG. 1A. The processing apparatus 900 may be a known compact plasma processing system
generating an ion beam shown as the ions 110. The ion beam may be extracted from a
plasma 904 generated in a plasma chamber 902 by any known technique. The processing
apparatus 900 may include an extraction plate 906 having an extraction aperture 908, where
the ions 110 are extracted as an ion beam from the plasma 904 and directed to the
substrate 100. As shown in FIG. 9B, the extraction aperture may be elongated along the Y-
axis, providing a ribbon ion beam extending, for example, over an entire substrate along the
direction parallel to the Y-axis. In various embodiments, the substrate 100 may be disposed

on a substrate holder 910 and scanned along the X-axis to provide coverage at different
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regions of the substrate 100 or over the entirety of the substrate. In other embodiments, the

extraction aperture 908 may have a different shape such as a square or circular shape.

[0032] In some embodiments, the plasma chamber 902 may also serve as a deposition
process chamber to provide material for depositing on the substrate 100 in the deposition
operation preceding etching. The substrate holder 910 may further include a heater
assembly 911 for selectively heating the substrate 100 to different temperatures in different
regions within the X-Y plane for selectively changing the amount of depositing material as

discussed above.

[0033] During an ion exposure, reactive species may be provided or created in the
plasma chamber 902 and may also impinge upon the substrate 100. While various non-
ionized reactive species may impinge upon all surfaces of substrate 100 including different
surfaces in cavity 102, etching may take place in areas impacted by the ions 110, as in known
RIE processes, while little or no etching takes place in regions not impacted by ions 110.
Thus, referring to FIG. 1C discussed below, a first portion 112 of a given surface feature such
as cavity 102 impacted by the ions 110 may be etched at a first rate, while a second
portion 114 of cavity 102 not impacted by ions is etched at a second rate less than the first

rate. In some examples, the second rate may be zero or may be much less than the first rate.

[0034] As a result, as shown in FIGs. 1B and 1D, selective etching of the deposited
layer, layer 106, may take place along the right sidewall as shown in FIG. 1B, shown as
sidewall 108. The result of the deposition process for depositing layer 106 and selective
directional etching of a portion of layer 106 in cavity 102, is the reduction in width of
cavity 102 from width W1 to width W2 along the x-axis, as well as a reduction in length

along the X-axis. As further shown in FIG. 1C, the ions 110 may be directed along a first
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direction with respect to the X-Y plane, such as along the X-axis. In this manner the first
portion 112 may be the region of the cavity 102 lying along the right sidewall parallel to the
Y-axis, since this region faces the ions 110 and is perpendicular to the direction of ions 110,
and accordingly is disposed to intercept the ions 110. The second portion 114 may be the
region of the cavity 102 lying along sidewalls parallel to the X-axis since these regions may
receive little or no impact as ions travel parallel to the surface of these regions. The second
portion 114 may also extend to the regions of the cavity 102 along left sidewall as shown in
FIG. 1C, since this region is shadowed from the ions 110. Because just the layer 106 along
the right sidewall is removed due to direction of ions 110 (see also FIG. 1C for the orientation
of ions 110 within the X-Y plane), the reduction in width of cavity 102 from W1 to W2 along
the direction parallel to X-axis may correspond to the thickness of layer 106 in this example,
while the reduction in length of cavity 102 along the direction parallel to the Y-axis from L1

to L2 corresponds to twice the thickness of layer 106.

[0035] In various embodiments, the ions 110 may be directed in an exposure where
reactive etching of layer 106 is selective with respect to etching of substrate base 104, where
the substrate base 104 is a different material than material of layer 106. For example,
layer 106 may be a photoresist while substrate base 104 is an oxide material. Accordingly,

etching may cease of decrease drastically once layer 106 is removed from sidewall 108.

[0036] Accordingly, the multiple operation process outlined in FIGs. 1A-1D affords
the ability to selectively change the dimensions of the cavity 102, for example, where a first
dimension is selectively altered with respect to a second dimension, e.g., where the
dimension along the Y-axis is changed to a different extent as compared to the dimension

along the X-axis.
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[0037] FIGs. 2A-2D depict another example of processing of a substrate according to
embodiments of the disclosure. In the example shown, the conventions of FIGs. 1A-1D may
apply while like reference numbers refer to similar or the same entities. In FIGS. 2A-2D
there is shown a conformal deposition process, where the conformal deposition process may
form an initial operation to be followed a directional etch process, such as depicted in
FIGs. 3A-3G discussed below. In FIG. 2A and 2B a substrate 200 is provided having a
cavity 202, in this case of circular shape, within a base 204. In FIGs. 2C and 2D a layer 206
is deposited as generally described above with respect to layer 106. The deposition of the
layer 206 may have the effect of reducing the diameter of cavity 202 by from W1 to W2 by

an amount equal to twice the thickness of layer 206 as shown.

[0038] FIGs. 3A-3G depict processing of a device structure according to further
embodiments of the disclosure. For clarity, in the figures to follow, the reactive neutral
species 124 are not shown. In FIG. 3A and FIG. 3B there is shown the substrate 200 after
deposition of the layer 206. Tuming now to FIG. 3C and FIG. 3D there is shown an
example of selective etching of the layer 106, where the ions 210 form trajectories parallel to
the Y-axis and are directed to surfaces of the cavity 202 generally oriented along the X-axis,
including opposite sidewall portions, while not necessarily parallel to the Y-axis. In this
example, the ions 210 travel parallel to the Y-axis and accordingly do not impact the
layer 206 in regions generally oriented along the Y-axis, while impacting regions of layer 206
more oriented parallel to the X-axis. Accordingly, the resulting structure has no material of
layer 206 along the vertical cut (parallel to the Y-axis) shown in FIG. 3C, while the layer 206
is preserved at least in part in portions of the sidewalls of cavity 202 lying along the
horizontal cut. In different embodiments, depending upon the angle of incidence & of

ions 210, the width of cavity 202 and height of cavity 202 (along the Z-axis), the ions 210
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may or may not impact the bottom of cavity 202. In the example of FIG. 3D and FIG. 3F
the ions 210 do not impact the bottom of cavity 202, leaving layer 206 intact, while in the
example of FIG. 3E and FIG. 3G, ions 210 do impact the bottom surface of cavity, removing
the layer 206. As a result of the operations of FIGs. 2-3 the shape and size of cavity 202 is
changed from a circular shape to an elongated shape, such as an oval shape or elliptical shape

as shown in FIG. 3C.

[0039] In the FIGs. 4A to 8C to follow directional ion etching processes are depicted
in plan view. Notably in these depictions, the trajectories of ions form a non-zero angle with
respect to the perpendicular 120 as illustrate in FIG. 1A. In the example of FIG. 4A and
FIG. 4B the operations depicted in FIG. 2 and FIG. 3 may be extended wherein etching using
directional ions along the directions shown in FIGs. 3D and 3F is continued after layer 206 is
removed. In these embodiments, the etching species used to etch layer 206, such as ions 210
in combination with other reactive species, may also be effective to etch the base 204, where
the base 204 may be made of a base material, where the base material is the same material or
a different material from layer 206. As shown in FIG 4B, a more elongated oval shape is
formed having greater a dimension than the original dimension of cavity 202 along the Y-axis
and shorter dimension along the X-axis as opposed to the original dimension. In some
examples the greater dimension of an elongated shape may be twice the shorter dimension, or

five times the shorter dimension. The embodiments are not limited in this context.

[0040] FIGs. SA-5C show processing of a device structure according to additional
embodiments of the disclosure. In this example a substrate 500 having a base 504 is provided
with a trench 502 elongated along the X-axis and having a racetrack shape. In FIG. 5SA, the
structure is shown after a deposition process is performed to deposit a layer 506 within the

trench 502. The length of the trench 502 has been reduced along the X-axis from an original
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length L1 by an amount equal to 2 times the thickness of the layer 506 as shown by L2. The
width along the Y axis of trench 502 has been reduced by a similar amount from an original
width W1 to W2. As shown in FIG. 5B, the trench 502 may be etched by directing ions 503
toward endwalls 508 and at a non-zero angle of incidence 0 with respect to a perpendicular to
a substrate plane of base 504 (see FIG. 1A for further definition of 6). As a result, layer 506
may be removed along the endwalls 508. As a result of the deposition of layer 506 and the
direction reactive etching of trench 502 the trench width may be selectively reduced along the
Y-axis to W2 while restoring the length of the trench 502 along the X-axis to the original
length L1, since the layer 506 remains just along the portions of the trench 502 lying parallel
to the ions 503. To facilitate restoration of the length of the trench 502 to its original length
L1 before deposition of layer 506, etch chemistry is used providing a high degree of
selectivity of etching material of layer 506 with respect to the material of base 504. In this

manner the etching may cease when the base material of base 504 is encountered.

[0041] In the example of FIG. 5C, the structure of FIG. 5A may be etched using
ions 505, where the ions 505 are directed in a similar manner as the process of FIG. 5B to the
endwalls 508. In this example, the etching process using ions 505 may be continued to etch
material within base 504 so the length L3 of the trench 502 is greater than its original length
L1 before deposition of layer 506. In some variants, the etch composition of species used
during ion etching of base 504 may be changed from the etch composition used to etch the
layer 506. Alternatively, the etch composition chosen to etch layer 506 and base 504 may be
the same composition and may be relatively non-selective where the etch rate of layer 506 is

similar to the etch rate of base 504.

[0042] FIGs. 6A-6F illustrate processing of a substrate according to still other

embodiments of the disclosure. In this example, in FIG. 6A the trench 502 is again shown
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after formation of the layer 506, reducing the original trench size including the length along
the X-axis from L1 to L2. In FIG. 6B, ions 603 are directed along trajectories parallel to the
X-axis just to the right endwall, shown also as endwall 508, resulting in the trench 502 having
reduced dimensions along three sides, while retaining the original position of the right
endwall before deposition of layer 506. In FIG. 6C ions 605 are directed toward the right
sidewall to continue etching of the trench 502, as generally described above with respect to
FIG. 5C, except in this case the ions 605 are just directed to the right as shown. This etching
process allows for formation of a trench 502 having a narrower width W2 along the Y-axis,
and shifted position (location) with respect to the original trench location shown in FIG. 6A.
Depending upon the extent of etching performed in the operation of FIG. 6C, the length of
the trench along the X-axis may be greater than L1 of the original trench, or may be the same
as L1, as depicted in FIG. 6C. Accordingly, FIG. 6C provides a specific example where a
surface feature location, in this case a trench location with respect to a position along the X-

axis, is shifted, while the trench is also selectively narrowed along the Y-axis.

[0043] Turning to FIG. 6D there is shown a substrate 610 having a cavity of circular
shape after deposition of a layer 616. In FIG. 6E a resulting shape of the cavity 612 is shown
when ions 614 are directed just toward the upper (in FIG. 6E) sidewall 615, resulting in a
cavity 612 where the position of the upper sidewall region is the same as before deposition as
layer 616, while other regions of cavity 612 are reduced in size, resulting in a more oval
shape. As shown in FIG. 6F, further etching by ions 618 may be performed along the same
direction as ions 614, where the ions 618 may be similar to or different from the ions 614.
This further etching results in etching into base 604 along the same direction as in FIG. 6E,

and may result in a more elongated oval shape.
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[0044] Turming now to FIG. 7A and FIG. 7B there is shown a further example of
processing a cavity, where the trench 502 is formed as described above by depositing a
layer 506. Subsequently, ions such as the ions 603, or a combination of ions 603 and
ions 605, may be directed along the X-axis to etch just the right endwall, shown as
endwall 508 in FIG. 7B. By proper selection of etching conditions and etching time, the
resulting trench, shown as trench 502, may have the same length, shown as L1, as before
deposition of layer 506, while the center of the trench 502 along the X-axis in FIG. 7B is
shifted to the right with respect to trench 502 of FIG. 7A. Furthermore, in a second
directional etching operation shown in FIG. 7C, ions 702 may be directed parallel to the Y-
axis to the top edge 704 and bottom edge 706 of the trench 502. In some embodiments, the
material of layer 506 may differ from the material of base 504 wherein etching by the
ions 702 of the layer 506 is highly selective with respect to the etching of base 504. For
example, ions 702 may be provided in a reactive ion etch process for etching layer 506 at a
rate twice as fast as the etching of base 504, or five times as fast, 10 times as fast, or 20 times
as fast. The embodiments are not limited in this context. In this manner, the layer 506 may
be completely removed from the bottom edge 706 and top edge 704, while little or no
material from base 504 is removed from these edges. This etching allows the original trench
width W1 to be restored, corresponding to the trench width before deposition of layer 506. A
net result of these processes is shown in FIG. 7C, where the trench 502 is shifted to the right
from an original trench location before deposition of layer 506, as shown by the dashed curve
in FIG. 7A, while the original dimensions of the trench 502 are preserved. In various
embodiments, the cavity location for any cavity shape may be shifted from a first cavity
location to a second cavity location in a like manner to the operations of FIGs. 7A-7C while

preserving the original cavity dimensions.
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[0045] FIGs. 8A-8G another example of processing a substrate according to some
additional embodiments of the disclosure. In the example of FIG. 8A and FIG. 8D, a
substrate 800 is provided with a pillar 802 extending above a base 804. The pillar 802 may,
but need not be, a different material than the material of base 804. In FIG. 8B and FIG. S8E a
layer 806 is deposited, as generally described above. In FIG. 8C ions 812 are directed
toward the pillar 802 in two opposite directions, where the opposite directions lie parallel to
the Y-axis as shown, resulting in removal of layer 806 from regions generally more aligned
along the X-axis, as further shown in the cut sections of FIG. 8F and FIG. 8G. Accordingly,
the original diameter D1 is increased to a diameter D2 along the X-axis, as shown in FIG. 8D,
while the original diameter D1 may be maintained along the X-axis, as shown in FIG. 8B.
This directional etching allows the originally circular shape of the pillar 802 to be

transformed to an oval shape as illustrate in FIG. 8C.

[0046] In further embodiments, directional etching of ions may be performed by
rotating a substrate within the X-Y plane to any desired angle. Thus, a trench feature may be
oriented with its long axis at a 45-degree angle with respect to the Y-axis while a ribbon

beam directed to the trench feature has its axis oriented along the Y-axis as in FIG. 9B.

[0047] In additional embodiments, an operation involving deposition of a layer on a
surface feature followed by selective directional etching of the surface feature as described
above, may be repeated in an iterative fashion. A given cycle may be composed of
deposition of a layer followed by etching of the surface feature including the deposited layer
along a given direction. This given cycle may be repeated a desired number of times to
adjust the dimension of a feature selectively along a given direction, to adjust the shape, or

adjust the position, for example.
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[0048] In additional embodiments, by scanning a substrate with respect to an ion
beam such as along the X-axis as generally shown in FIG. 9B, the possibility is afforded to
vary a directed etch across the substrate to achieve location-specific directional selectivity of
etching, so features within a certain region, such as region 912 of the substrate may be altered
to one extent while features in another region, such as region 914, are not altered or are
altered to a different extent or in a different fashion. For example, an ion beam, shown as
ions 110 may be present when region 912 is under extraction aperture 908, while the ion

beam is extinguished when the region 914 is under extraction aperture 908.

[0049] The present embodiments provide various advantages over conventional
processing to define features in a substrate. Currently, there are no known techniques able to
achieve what is described in these embodiments, in particular over a full wafer in a
manufacturing environment. Several problems may be solved with these embodiments
including a first advantage of being able to shift a surface feature within a substrate in a
desired direction and in a desired amount. The present embodiments also proved the
advantage where a feature may be shifted and the original feature shape or dimensions may
be preserved or changed. Another advantage of the present embodiments is the ability to
generate otherwise unobtainable feature dimensions and shapes. Further advantages include
the ability to provide for overlay correction, providing for overlay margin improvement,
providing tip-to-tip separation reduction between adjacent features to dimensions not
otherwise obtainable, contact resistance reduction in structures formed according to the

present embodiments, increase in pattern density, and elimination of a cut-mask operation.

[0050] The present disclosure is not to be limited in scope by the specific
embodiments described herein. Indeed, other various embodiments of and modifications to

the present disclosure, in addition to those described herein, will be apparent to those of
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ordinary skill in the art from the foregoing description and accompanying drawings. Thus,
such other embodiments and modifications are in the tended to fall within the scope of the
present disclosure. Furthermore, the present disclosure has been described herein in the
context of a particular implementation in a particular environment for a particular purpose,
while those of ordinary skill in the art will recognize the usefulness is not limited thereto and
the present disclosure may be beneficially implemented in any number of environments for
any number of purposes. Thus, the claims set forth below are to be construed in view of the

full breadth and spirit of the present disclosure as described herein.
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What is claimed is:

1. A method, comprising:

providing a surface feature on a substrate, the surface feature comprising a feature
shape a feature location, and a dimension along a first direction within a substrate plane;

depositing a layer comprising a layer material on the surface feature; and

directing ions in an ion exposure at an angle of incidence toward the substrate, the
angle of incidence forming a non-zero angle with respect to a perpendicular to the substrate
plane,

wherein the ion exposure comprises the ions and reactive neutral species, the ion
exposure reactively etching the layer material, wherein the ions impact a first portion of the
surface feature and do not impact a second portion of the surface feature, and wherein an
altered surface feature is generated, the altered surface feature differing from the surface
feature in at least one of: the dimension along the first direction, the feature shape, or the

feature location.

2. The method of claim 1, wherein the substrate feature comprises a cavity, the cavity
comprising a first dimension along the first direction and a second dimension along a second
direction perpendicular to the first direction, and wherein the depositing the layer comprises
performing a shrink of the cavity wherein the first dimension and second dimension are

reduced.

3. The method of claim 2, wherein the ion exposure comprises etching the layer along
the first direction a first amount and etching the layer along the second direction a second

amount, the second amount being less than the first amount.
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4, The method of claim 3, wherein the cavity comprises a circular shape before the ion

exposure and comprises an elongated shape after the ion exposure.

5. The method of claim 3, wherein the layer material is removed from a bottom surface

of the cavity after the etching.

6. The method of claim 3, wherein the cavity is formed within a substrate material
before the ion exposure, and wherein the ion exposure comprises etching the substrate
material along the first direction to form an elongated shape, wherein the elongated shape
comprises a third dimension along the first direction, the third dimension being greater than

the first dimension.

7. The method of claim 3, wherein the cavity comprises a trench before the depositing
the layer, wherein the first dimension is greater than the second dimension, and wherein after
the depositing the layer and after the ion exposure, the trench comprises a third dimension
along the second direction, the third dimension being less than the first dimension, and

further comprises the first dimension along the first direction.

8. The method of claim 3, wherein the cavity comprises a trench before the depositing
the layer, wherein the first dimension is greater than the second dimension, and wherein after
the depositing the layer and after the ion exposure, the trench comprises a third dimension

along the second direction, the third dimension being less than the first dimension, and
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further comprises a fourth dimension along the first direction, the fourth dimension being

greater than the first dimension.

9. The method of claim 3, a location of the cavity is shifted from a first location within
the substrate before the depositing the layer to a second location within the substrate after the

ion exposure.

10. The method of claim 1, wherein the surface feature extends above the substrate plane,
wherein before the depositing the layer the surface feature comprises a first feature dimension
along the first direction and a second feature dimension along a second direction
perpendicular to the first direction, and wherein the depositing the layer comprises increasing
the first feature dimension to a third feature dimension and increasing the second feature
dimension to a fourth feature dimension, and wherein the ion exposure comprises decreasing

the third feature dimension to a fifth feature dimension less than the fourth feature dimension.

11. The method of claim 1, wherein the ions are directed as a ribbon ion beam and have

trajectories parallel to the first direction.

12. The method of claim 1, the depositing the layer comprising selectively depositing the
layer on the substrate, wherein the layer comprises a first thickness over a first region of the
substrate and comprises a second thickness different from the first thickness over a second
region of the substrate, wherein after the depositing the layer, a dimension of the surface
feature along the first direction is altered by a first amount in the first region and by a second

amount in the second region.
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13. A method of processing a substrate, comprising;

providing a cavity in the substrate, the cavity having a first dimension along a first
direction within a substrate plane and a second dimension along a second direction within the
substrate plane, the second direction being perpendicular to the first direction;

depositing a layer comprising a layer material within the cavity; and

directing ions in an ion exposure at an angle of incidence toward the substrate, the
angle of incidence forming a non-zero angle with respect to a perpendicular to the substrate
plane,

wherein the ion exposure comprises the ions and reactive neutral species, the ion
exposure reactively etching the layer material, wherein the ions impact a first portion of the
cavity and do not impact a second portion of the cavity, and wherein the first dimension is

selectively altered with respect to the second dimension.

14. The method of claim 13, wherein the first dimension is reduced while the second

dimension 1s not reduced.

15. A method of processing a substrate, comprising;

providing a cavity in the substrate, the cavity disposed at a first cavity location within
the substrate;

depositing a layer comprising a layer material within the cavity; and

directing ions in an ion exposure at an angle of incidence toward the substrate, the
angle of incidence forming a non-zero angle with respect to a perpendicular to the substrate

plane,
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wherein the ion exposure comprises the ions and reactive neutral species, the ion
exposure reactively etching the layer material, wherein the ions impact a first portion of the
cavity and do not impact a second portion of the cavity, and wherein the cavity is disposed at

a second cavity location in the substrate after the ion exposure.
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