
METHOD FOR FORMING HIGH DENSITY PATTERNS BACKGROUND OF THE INVENTION
Field of the Invention  [0001]Embodiments of the invention relate to
semiconductor processing, and more particularly to masking
techniques. Description of the Related Art 100021There is a constant
demand for faster and smaller integrated circuits, faster and smaller
integrated circuits may be made by reducing the sizes and separation
distances between the individual elements or electronic devices
forming an integrated circuit. This process of increasing the density
of circuit elements across a substrate is typically referred to as
"scaling." As a result of the demand for faster and smaller
integrated circuits, there is a constant need for methods of scaling
to form isolated features with a high density. BRIEF DESCRIPTION OF
THE DRAWINGS [0003]The appended drawings are schematic, not
necessarily drawn to scale, and are meant to illustrate and not to
limit embodiments of the invention. [0004]Figure 1A is a flow chart
illustrating a process in accordance with one or more embodiments of
the invention. 



[0005]Figure 1B is another flow chart illustrating a process in
accordance with one or more embodiments of the invention.
[0006]Figure 2 illustrates a cross-sectional side view of a partially
formed integrated circuit in accordance with one or more embodiments
of the invention.       10007]Figure 2A illustrates a top view of a
partially formed integrated circuit in accordance with one or more
embodiments of the invention. [0008]Figure 2B illustrates a
cross-sectional side view of the partially formed integrated circuit
of Figure 2A along the sectional line 2B shown in Figure 2A.
100091Figure 3A illustrates a top view of the partially formed
integrated circuit of Figure 2A after the pattern of pillars has been
trimmed in accordance with one or more embodiments of the invention.
[0010)Figure 38 illustrates a cross-sectional side view of the
partially formed integrated circuit of Figure 3A along the sectional
line 3B shown in Figure 3A. 



100111 Figure 4A illustrates a top view of the partially formed
integrated circuit of Figure 3A after transferring the pattern of
pillars to underlying masking layers in accordance with one or more
embodiments of the invention. 10012]Figure 4B illustrates a
cross-sectional side view of the partially formed integrated circuit
of Figure 4A along the sectional line 4B shown in Figure 4A.
[0013] Figure 5A illustrates a top view of the partially formed
integrated circuit of Figure 4A after one of the masking layers has
been removed in accordance with one or more embodiments of the
invention. [0014]Figure 5B illustrates a cross-sectional side view of
the partially formed integrated circuit of Figure 5A along the
sectional line 5B shown in Figure 5A.       [0015] Figure 6A
illustrates a top view of the partially formed integrated circuit of
Figure 5A during deposition of a spacer material on pillars in
accordance with one or more embodiments of the invention.
100161Figure 6B illustrates a cross-sectional side view of the
partially formed integrated circuit of Figure 6A along the sectional
line 6B shown in Figure 6A.       [0017] Figure 7A illustrates a top
view of the partially formed integrated circuit of Figure 6A after
deposition of the spacer material in accordance with one or more
embodiments of the invention. [0018]Figure 7B illustrates a
cross-sectional side view of the partially formed integrated circuit
of Figure 7A along the sectional line 7B shown in Figure 7A.
[0019] Figure 8A illustrates a top view of the partially formed
integrated circuit of Figure 7A after etching the spacer material in
accordance with one or more embodiments of the invention. 



[0020]Figure 8B illustrates a cross-sectional side view of the
partially formed integrated circuit of Figure 8A along the sectional
line 8B shown in Figure 8A.  [0021]Figure 9A illustrates a top view
of the partially formed integrated circuit of Figure 8A after further
etching the spacer material in accordance with one or more
embodiments of the invention. 100221Figure 9B illustrates a
cross-sectional side view of the partially formed integrated circuit
of Figure 9A along the sectional line 9B shown in Figure 9A.
10023] Figure 10A illustrates a top view of the partially formed
integrated circuit of Figure 9A after etching the pillars in
accordance with one or more embodiments of the invention.
10024)Figure 10B illustrates a cross-sectional side view of the
partially formed integrated circuit of Figure 10A along the sectional
line I OB shown in Figure 10A.       100251 Figure 11A illustrates a
top view of the partially formed integrated circuit of Figure 10A
after forming plugs in accordance with one or more embodiments of the
invention. 100261Figure 11B illustrates a cross-sectional side view
of the partially formed integrated circuit of Figure 11A along the
sectional line 11B shown in Figure 11A. 



100271 Figure 12A illustrates a top view of the partially formed
integrated circuit of Figure 11A after removing the spacer material
in accordance with one or more embodiments of the invention.
100281Figure 12B illustiates a cross-sectional side view of the
partially formed integrated circuit of Figure 12A along the sectional
line 12B shown in Figure 12A. DETAILED DESCRIPTION OF' THE PREFERRED
EMBODIMENT       [0029] Embodiments described herein provide methods
of forming patterns of isolated features having a high density. In
one or more embodiments, a method is provided for forming an
integrated circuit with a pattern of features having a final density
of features that is greater than a starting density of features in
the integrated circuit by a multiple of two or more. The method can
include fanning a pattern of isolated pillars having a density X. The
method can further include forming spacers around the pillars, such
as by blanket depositing spacer material on and around the pillars
and then isotropically etching the spacer materials to form a pattern
of holes having a density at least about X. The pillars can be
selectively removed to form a mask with a pattern of holes having a
density at least about 2X. In some embodiments, plugs can be formed
in the pattern of holes in the mask, such as by epitaxial deposition
on the substrate, in order to provide a pattern of pillars having a
density at least 2X. In other embodiments, the pattern of holes in
the mask can be etched into the substrate to provide a pattern of
holes in the substrate. [0030]Reference will now be made to the
figures, in which like numerals refer to like parts throughout.
[0031]Figure IA illustrates a general sequence of process steps
according to some embodiments of the invention. In step 1 of Figure
1A, a plurality of pillars are formed on a substrate, such as by
etching into a layer or stack of layers formed over the substrate or
by forming material over a substrate in a pattern that defines a
plurality of pillars. For example, the pillars can be formed by
photolithography, by selectively exposing photoresist to light and
then developing the photoresist to leave a pattern of pillars formed
by the photoresist. As used herein, "forming" a structure includes
performing steps to make the structure or providing the structure
already premade. In step 3, spacer material is formed on and around
the pillars to fill spaces between the pillars while leaving a
pattern of openings between the pillars. In step 5, the spacer
material is etched to form a pattern of holes completely open to an
underlying material, the holes having a density at least as great as
the density of the pattern of pillars. In step 7, the pillars are
removed to form further holes, thus providing a pattern of holes with
a density at least twice as great as the pattern of pillars that were
previously formed on the substrate. 100321Figures 1B-12B illustrate
schematically a detailed sequence of process steps according to some
embodiments of the invention. In step 10, a substrate 100 is provided
and a first hard mask layer 110 is formed thereover. (Figure 2
illustrates a partially formed integrated circuit 200 after step 12
has been carried out.) The substrate 100 may include one or more of a
variety of suitable workpieces for semiconductor processing. For
example, the substrate can include a silicon wafer. In one or more
embodiments, the first hard mask layer 110 includes amorphous carbon,
e.g., transparent carbon, which has been found to have excellent etch
selectivity with other materials of the illustrated imaging or
masking stack. Methods for forming amorphous carbon are disclosed in



Meissner, Thin Solid Films, 283 (1996) 196-203 and U.S. Patent
Application Publication No. 2006/0211260, published September 21,
2006, entitled "PITCH REDUCED PATTERNS RELATIVE TO PHOTOLITHOGRAPHY
FEATURES," the entire disclosures of which are hereby incorporated
herein by reference. In the illustrated embodiment, a second hard
mask layer 112 is also formed over the first hard mask layer 110 to
protect the first hard mask layer 110 during etching in later steps
and/or to enhance the accuracy of forming patterns by
photolithography. In one or more embodiments, the second hard mask
layer 112 includes an anti-reflective coating (ARC), such as DARC or
BARC/DARC, which can facilitate photolithography by preventing
undesired light reflections 10033]In step 12, a selectively definable
layer 120 is formed on the second hard mask layer 112. The
selectively definable layer 120 can be formed using a photoresist in
accordance with well-known processes for providing masks in
semiconductor fabrication. For example, the photoresist can be any
photoresist compatible with 157 nm, 193 nm 248 nm or 365 nm
wavelength systems, 193 nm wavelength immersion systems, extreme
ultraviolet systems (including 13.7 nm wavelength systems) or
electron beam lithographic systems. In addition, maskless
lithography, or maskless photolithography, can be used to define the
selectively definable layer 120. Examples of preferred photoresist
materials include argon fluoride (ArF) sensitive photoresist, La,
photoresist suitable for use with an ArF light source, and krypton
fluoride (KrF) sensitive photoresist, Le., photoresist suitable for
use with a KrF light source. ArF photoresists are preferably used
with photolithography systems utilizing relatively short wavelength
light, e.g., 193 nm. KrF photoresists are preferably used with longer
wavelength photolithography systems, such as 248 nm systems. In other
embodiments, the selectively definable layer 120 and any subsequent
resist layers can be formed of a resist that can be patterned by
nano-imprint lithography, e.g., by using a mold or mechanical force
to pattern the resist. Figures 2A and 2B illustrate a partially
formed integrated circuit 200 after step 12 has been carried out. As
shown in Figures 2A and 2B, the selectively definable layer 120 can
include a mask pattern, the pattern including a plurality of pillars
121 having a substantially circular cross-section. The width of the
pillars 121 in the selectively definable layer 120 is A. The pillars
121 can be patterned using a photolithographic technique. In one or
more embodiments, A can be substantially equal to  the minimum
feature size formable using the lithographic techniques. In other
embodiments, the pillars 121 can be formed with width A larger than
the minimum formable feature size formed by photolithography and
subsequently trimmed, in order to enhance the accuracy of the
patterns formed by photolithography. It will be appreciated that
photolithographic techniques typically can more easily and accurately
form features having sizes above the size limit of the technique.
[0034]As shown in Figure 2A, the distance between centers of nearest
neighboring pillars 121, such as between pillars 121a and 121b, is B.
In the illustrated embodiment, B is substantially equal to twice the
width A, which has advantages for forming a pattern of holes arranged
in rows and columns as described herein. In embodiments where the
width A is greater than one half of the distance B, the pillars 121
of the selectively definable layer 120 are trimmed during the
trimming step 14 in order to achieve the dimensions C, D, and E as



100371 Figure 3A shows that after the trimming step 14, the distance
between neighboring pillars 121 of the selectively definable layer
120, such as between pillars 121a and 121b, is D. In one or more
embodiments, the distance D is substantially equal to (2 Y is used
herein as a multiplier having a dimension of distance to clarify the
relationship between various dimensions in the pattern of one or more
embodiments. Although C is substantially equal to  in Figures 3A and
3B, Y can be any real number greater than zero, including the minimum
feature size formable using known lithographic techniques, and does
not necessarily bear any relationship to the width A of the pillars
121 after step 12. [0038]Selectively definable layers 120 having a
pattern of these dimensions can produce a pattern of spacer-defined
holes in later steps that is advantageously aligned with the pattern
of pillars 121 in the selectively definable layer 120. In particular,
the pattern of the selectively definable layer 120 shown in Figure 3A
can be described as a set of pillars 121 formed in columns and rows,
in which the leftmost pillar 121a is positioned in a first column and
a second row, the uppermost pillar 121 b is positioned in the second
column and the first row, the lowermost pillar 121d is positioned in
the second column and a third row, and the rightmost pillar 121c is
positioned in the third column and the second row. When the mask
pattern is formed using the dimensions described above, the holes
formed in later steps can advantageously be positioned in open
positions in the same columns and rows, such that the pattern of
holes is aligned with the pattern of pillars. Figure 8A, described
more fully below, shows a pattern of holes 140 with a hole 140a
positioned in the first column and the first row, another hole 140d
positioned in the first column and the third row, another hole 140c
positioned in the second column and the second row, another hole 140b
positioned in the third column and the first row, and another hole
140e positioned in the third column and the third row.  100391In step
16 of Figure 1B, the pattern of pillars 121 of the selectively
definable layer 120 is transferred to the second hard mask layer 112,
such as by anisotropically etching the second hard mask layer 112
through the selectively definable layer 120. 100401Figures 4A and 413
illustrate the partially formed integrated circuit 200 after step 20
of Figure 1B has been carried out. In step 20, pillars 122 are formed
in the first hard mask layer 110 by anisotropically etching the first
hard mask layer 110 through the selectively definable layer 120 and
the second hard mask layer 112. As shown in Figures 4A and 4B, the
pillars 122 formed in step 20 can have substantially the same pattern
as the pattern in the selectively definable layer 120. The
selectively definable layer 120 can be removed during or after the
etching step 20. In embodiments including the second hard mask layer
112, the second hard mask layer 112 may be removed in step 22, such
as by carrying out a wet strip etch. In other embodiments, the
selectively definable layer 120 is removed by the same etch used to
define pillars 122 in the first hard mask layer 110. Figures 5A and
5B illustrate the partially formed integrated circuit 200 after
removing the selectively definable layer 120. 



100411In step 30 of Figure 1B, spacer material 130 (Figures 6A, 6B)
is deposited on the pillars 122. Figures 6A and 6B illustrate the
partially formed integrated circuit 200 while step 30 of Figure 1B is
being carried out. The spacer material can include an insulating
material, such as an oxide, e.g., silicon oxide, particularly a
material that is selectively etchable with respect to the material of
the pillars 122 and other exposed surfaces. Examples of other spacer
materials include silicon nitride, Al203, TiN. etc. In one or more
embodiments, depositing step 30 includes uniformly depositing spacer
material 130 on the pillars 122 and the substrate 100, such as by
blanket depositing the spacer material 130 by chemical vapor
deposition. 100421Figures 6A and 6B show that as spacer material 130
is deposited on the pillars 122, the spacer material 130 fills a
space between neighboring pillars 122 when the spacer material 130
forms a layer having a thickness F. In one or more embodiments, the
thickness F is substantially equal to   Y .        [0043] Preferably,
spacer material 130 continues to be deposited beyond filling the
space between the nearest neighboring pillars 122, such that the
spacer material 130 surrounding the nearest neighboring pillars 122
converge and form voids with substantially circular cross-sections.
Advantageously, due to corners having a relatively higher surface
area for interacting with precursors, it has been found that the rate
of deposition at the corners formed by the convergence is greater
than at other parts between the pillars 122, causing the corners of
the open space between the pillars 122 to become rounded.
[0044]Figures 7A and 7B illustrate the partially formed integrated
circuit 200 after depositing step 30 has been carried out. As shown
in Figures 7A and 7B, sufficient spacer material 130 has been
deposited to form holes 140 with a substantially circular
cross-section. The holes 140 occur in a pattern that is aligned with
the pattern of the pillars 122, as described above, and the density
of the holes is greater than the density of the pillars 122 in the
illustrated portion of the partially formed integrated circuit.
100451In order to achieve a rounded cross-section for the holes 140,
it may be necessary to deposit so much spacer material 130 that the
width of the holes 140 is smaller than the width C of the pillars. In
step 32 of Figure 1B, the spacer material 130 can be trimmed, such as
by isotropically etching to uniformly expand the width of the holes
140. Figures 8A and 8B illustrate the partially formed integrated
circuit 200 after step 32 of Figure 1B has been carried out. As shown
in Figure 8B, after any etching to expand the holes 140, the layer of
the spacer material 130 has a thickness G and the holes 140 have been
expanded to form holes 141 having a width H. In one or more
embodiments, the width H and the thickness G are both substantially
equal to the width C of the pillars 122, advantageously providing a
pattern of holes 141 and pillars 122 of substantially the same size.
Steps 30 and 32 of Figure 1B can be repeated as desired in order to
achieve holes 141 of the desired shapes and sizes. 



[0046]In step 34 of Figure 1B, spacer material 130 (Figures 9A, 9B)
is anisotropically etched to expose the upper surfaces of the pillars
122 and the substrate 100. Figures 9A and 9B illustrate the partially
formed integrated circuit 200 after step 34 of Figure  1B has been
carried out, The width H of the holes 141 and the thickness G of the
spacer material 130 between the holes 141 and the pillars 122 remain
substantially the same as before step 34. In some embodiments, the
order of steps 32 and 34 can be reversed, such that the spacer
material 130 is anisotropically etched before being trimmed by, e.g.,
an isotropic etch. In such embodiments, holes having different widths
may be formed. [0047]In step 40 of Figure IB, the pillars 122
(Figures 9A, 9B) are etched, such as by selectively etching the first
hard mask layer 110 relative to the spacer material 130 to remove the
pillars 122. Figures 10A and 10B illustrate the partially formed
integrated circuit 200 after step 40 of Figure 1B has been carried
out. At this stage, a pattern of holes 141 has been achieved that has
a density greater than or equal to about twice the density of the
features that were formed in the selectively definable layer 120.
Moreover, the holes 141 have a smaller feature size than the pillars
121 first formed by photolithography in the selectively definable
layer 120, and the holes 141 occur in a pattern that is aligned with
the pattern of pillars 121 in the selectively definable layer 120.
10048]In step 50 of Figure 1B, plugs 150 (Figures 11A, 11B) are
formed in the holes 141. Figures I11A and 11B illustrate the
partially formed integrated circuit 200 after step 50 of Figure 1B
has been carried out. Plugs 150 can be formed of the same material as
the substrate 100. The spacer material 130 is chosen to be
selectively etchable relative to the material forming the plugs 150.
In one or more embodiments, the plugs 150 are formed of polysilicon
and the spacer material 130 is formed of silicon oxide. Depositing
step 50 can be carried out in accordance with well-known deposition
processes, including but not limited to chemical vapor deposition
(CVD), plasma enhanced chemical vapor deposition (PECVD), or spin
coating. In some embodiments, plugs 150 (Figures 11A and 11B) can be
formed by epitaxial growth. [0049]In step 60, the spacer material 130
(Figures 11A, 11B) is removed, such as by selectively etching the
spacer material 130. In processes using spin coating, CVD or PECVD in
step 50 to deposit the plugs 150, it may be necessary to first
planarize the surface, such as by a chemical mechanical polishing
process, or perform a plug material etch back process in order to
expose the spacer material 130.  [0050]Figures 12A and 12B illustrate
the partially formed integrated circuit 200 



after step 60 has been carried out. A pattern of plugs 150 has been
formed on the substrate 100 with a density greater than or equal to
about twice the density of the pillars that were formed on the
selectively definable layer 120. Moreover, the plugs 150 have a
smaller feature size than the pillars 121 first formed on the
selectively definable layer 120, and the plugs 150 occur in a pattern
that is aligned with the pattern of pillars 121 in the selectively
definable layer 120. [0051]While the method described above can
provide a pattern of plugs with a density greater than or equal to
about twice the density of the features that were formed on the
selectively definable layer 120, the method may also be repeated to
produce a pattern with a density of features that is greater than or
equal to about four times the density a the original pattern. The
method may then be repealed to achieve a pattern with a density of
features that is greater than or equal to about eight times the
density of the original pattern, and so on until the desired density
is reached. For example, it will be appreciated that the plugs 150 or
pillars patterned in the substrate 100, using The layer 130 (Figs.
10A and 10B) as a mask, can be used as the pillars 122 in subsequent
repeats of the method. For example, after forming these pillars steps
30-60 may be repeated. Thus, isolated features having a density 2"
can be formed, where n is the number of times the method of Figs. 1A
and 1B is repeated.        [0052] Many variations of the embodiments
described herein are possible. For example, while the holes 141 and
pillars 122 have the same size in the method described above, it may
be desirable in some applications to form holes that are larger or
smaller than the pillars. Accordingly, the thickness of the spacer
material can be adjusted to achieve the desired result.
[0053]Additionally, while the method described above provides pillars
and holes with a generally circular cross section, other shapes are
also possible. For example, the pillars and holes can have a cross
section that is generally in the shape of a square, a rectangle, or
an ellipse. 10054]Further, while the method described above provides
holes 140 in a pattern that is aligned with the pattern of the
pillars 122, it is also possible to place the holes in other
locations relative to the pillars by beginning with a pattern of
pillars other than the one  described above, for example a pattern in
which the centers of the pillars occur at the corners of a square.
One example of another pattern that can be used is a pattern of three
pillars, which can be used to form a hole between the three pillars.
100551Moreover, the embodiments described above can be used to
selectively create patterns with higher density in some regions of
the integrated circuit but not in other regions. In regions where a
new, higher density pattern is to be formed, features can be spaced
apart at a distance sufficiently small that it can be filled by the
thickness of the spacer material. In regions where a higher density
pattern is not desired, features can be spaced apart at too great a
distance to be filled by the spacer material and/or selectively a
protective mask can be used to prevent transfer of a pattern formed
by the spacer material to the substrate 110, or to prevent deposition
in the same openings formed by the spacer material 130. In this way,
a high density pattern can be selectively provided in some regions of
the integrated circuit but not in others. 



[0056]In addition, it will be appreciated the use of an imaging stack
including photoresist, an ARC, and amorphous carbon can be
advantageously be applied to facilitate deposition of the spacer
material. Temperatures typically used for chemical vapor deposition
of the spacer material may undesirably deform photoresist, thus,
amorphous carbon is used to form the pillars upon which the spacer
material is deposited. In other embodiments where low temperature
deposition processes (e.g., atomic layer deposition) are used to
deposit the spacer material, the ARC and amorphous carbon layers may
be omitted and the spacer material can be deposited on pillars formed
of photoresist. [0057]In accordance with the embodiments described
above, a method is provided. Such a method might include, for
example, providing a substrate and forming a first set of pillars on
the substrate. The method can further include depositing spacer
material on the first set of pillars to form a first pattern of
holes, wherein at least one of the holes is located between pillars
of the first set and wherein, after depositing, spacer material fills
a space between a first pillar of the first set and a nearest
neighboring pillar of the first set.       [0058]In other
embodiments, a method is provided. The method can include providing a
substrate and forming a plurality of pillars on the substrate, the
pillars having a  density X. The method can further include blanket
depositing material on the pillars to form a pattern of holes on a
level of the pillars, the holes having a density at least X.
10059] In other embodiments, a method is provided. The method can
include providing a substrate and forming a set of pillars on the
substrate, wherein the pillars have a width of about  and wherein a
first pillar is separated from a second pillar by a distance of about
[2-11)1Y and wherein the first pillar is separated from a third
pillar by a distance of about 



3,5  Y 2 [00601The method can further include depositing material on
the set of pillars. The method can further include etching the
material to form a pattern of holes, wherein the pattern comprises a
hole between the first pillar and the third pillar.       100611 In
other embodiments, a method is provided. The method can include
providing a set of pillars on a substrate, the pillars arranged in
two or more rows and two or more columns. The method can further
include blanket depositing spacer material on the set of pillars to
form a pattern of holes adjacent the pillars. The method can further
include isotropically etching the spacer material to enlarge the
width of the holes. The method can further include anisotropically
etching the spacer material to expose the pillars.       100621 It
will be appreciated by those skilled in the art that various other
omissions, additions, and modifications may be made to the methods
and structures described above without departing from the scope of
the invention. All such changes are intended to fall within the scope
of the invention, as defined by the appended claims.  WHAT IS CLAIMED
IS:       1. A method comprising: providing a substrate; forming a
first set of pillars on the substrate; and       depositing spacer
material on the first set of pillars to form a first pattern of
holes, at least one of the holes being laterally bounded on all
sides, wherein the at least one of the holes is located between
pillars of the first set, and wherein, after depositing, spacer
material fills a space between a first pillar of the first set and a
nearest neighboring pillar of the first set. 



2. The method of Claim 1, wherein the first set of pillars comprises
at least one column and at least one row, the at least one column
being oriented transverse to the at least one row, each of the at
least one column and the at least one row comprising a plurality of
pillars.       3. The method of Claim 2, wherein the first pattern of
holes comprises at least three columns and at least three rows.
4. The method of Claim 1, wherein the first set of pillars comprises
pillars having a generally circular cross section.       5. The
method of Claim 1, wherein the first pattern of holes comprises holes
having a generally circular cross section.       6. The method of
Claim 1, wherein the spacer material is an insulating material.
7. The method of Claim 1, wherein the spacer material is a
semiconducting material or a conducting material.       8. The method
of Claim 1, further comprising, after depositing the spacer material,
isotropically etching the spacer material to increase a width of the
holes.       9. The method of Claim 8, wherein, after isotropically
etching, the width of the holes is between about 50% and about 150%
of a width of the pillars.       10. The method of Claim 1, further
comprising, after depositing the spacer material, anisotropically
etching the spacer material to expose the pillars of the first set.
11. The method of Claim 10, further comprising, after exposing the
pillars of the first set, selectively etching the first set of
pillars to form a second pattern of holes, the second pattern  of
holes comprising the holes of the first pattern of holes and the
holes created by selectively etching the first set of pillars.
12. The method of Claim 11, further comprising forming a second set
of pillars by depositing pillars into the second pattern of holes. 



13. A method comprising: providing a substrate;       forming a first
set of pillars on the substrate, the forming a first set of pillars
comprising: forming a first hard mask layer over the substrate;
forming a selectively definable layer over the first hard mask layer,
the selectively definable layer comprising a pattern of pillars;
trimming thepillars of the selectively definable layer; and etching
the first hard mask layer through the selectively definable layer to
transfer the pattern of trimmed pillars to the first hard mask layer;
and      depositing spacer material on the first set of pillars to
form a first pattern of holes, wherein at least one of the holes is
located between pillars of the first set, and wherein, after
depositing, spacer material fills a space between a first pillar of
the first set and a nearest neighboring pillar of the first set.
14. The method of Claim 13, wherein trimming the pillars of the
selectively definable layer comprises wet etching the selectively
definable layer.       15. The method of Claim 13, further
comprising:       forming a second hard mask layer over the first
hard mask layer before forming the selectively definable layer,
wherein the selectively definable layer is formed over the second
hard mask layer; and       etching the second hard mask layer through
the selectively definable layer before etching the first hard mask
layer. 



16. A method comprising: providing a substrate; forming a plurality
of pillars on the substrate, the pillars having a density X; and
blanket depositing material on the pillars to form a pattern of holes
on a level of the pillars, at least one of the holes being laterally
bounded on all sides, the holes having a density at least X, wherein
X is a real number greater than zero.       17. The method of Claim
16, wherein forming the plurality of pillars comprises forming
pillars having a generally circular cross section.       18. The
method of Claim 16, wherein the plurality of pillars comprise
transparent carbon.       19. The method of Claim 16, wherein forming
the plurality of pillars comprises etching the pillars using a mask.
20. The method of Claim 19, wherein the mask is formed of a
photoresist.       21. The method of Claim 16, wherein the holes of
the pattern have a generally circular cross section.       22. The
method of Claim. 16, further comprising removing the plurality of
pillars to form a pattern of holes of density at least 2X.       23.
The method of Claim 22, further comprising forming plugs in the
pattern of holes of density at least 2X.       24. The method of
Claim 23, wherein forming plugs comprises epitaxially depositing
plugs on the substrate inside the holes. 



25. A method comprising: providing a substrate; forming a set of
pillars on the substrate; wherein the pillars have a width of about (
A Y, and wherein a first pillar is separated from a second pillar by
a distance of 2 about ( 2 - .5 - Y , and wherein the first pillar is
separated from a third pillar by a 2 (31 distance of aboutY ; and
depositing material on the set of pillars to form a pattern of holes,
wherein the pattern comprises a hole between the first pillar and the
third pillar, wherein Y is a real number greater than zero.       26.
The method of Claim 25, wherein fanning a set of pillars comprises
forming pillars having a generally circular cross section.       27.
The method of Claim 25, wherein depositing comprises filling a space
between the first pillar and the second pillar.       28. The method
of Claim 25, wherein the pattern comprises holes having a generally
circular cross section. 



29. The method of Claim 28, wherein the holes have a diameter of
about-i. Y.       30. A method comprising:      providing a set of
pillars on a substrate, the pillars arranged in two or more rows and
two or more columns; blanket depositing spacer material on the set of
pillars to form a pattern of holes adjacent the pillars, at least one
of the holes being laterally bounded on all sides; isotropically
etching the spacer material to enlarge the width of the holes; and
anisotropically etching the spacer material to expose the pillars.
31. The method of Claim 30, wherein the set of pillars has a density
X and depositing spacer material forms a pattern of holes defined by
the spacer material, wherein the holes have a density at least X and
wherein X is a real number greater than zero.       32. The method of
Claim 31, further comprising selectively removing the pillars to form
a pattern of holes having a density at least 2X.       33. The method
of Claim 30, wherein the pillars have a generally circular cross
section.       34. The method of Claim 30, wherein, after
isotropically etching, the holes have a generally circular cross
section.  35.The method of Claim 30, wherein isotropically etching
the spacer material is performed before anisotropically etching the
spacer material. 




