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ULTRA THIN ALIGNMENT WALLS FOR DI-BLOCK
COPOLYMER

Background

[0001] The superparamagnetic effect poses a serious challenge for continuing
to increase the areal density and storage capacity of disk drives. One of the most
promising methods to circumvent the density limitations imposed by this is the use
of patterned media. In conventional media, the magnetic recording layers is a thin
film of magnetic alloy, which naturally forms a random mosaic of nanometer scale
grains which behave as independent magnetic elements. Each recorded bit is made
up of many of these random grains. In pattern and media, the magnetic layer is
created as an ordered an array of highly uniform islands, each island capable of
storing an individual bit.

[0002] In conventional media, bit cells are fabricated on circular tracks on a
disk. Each bit cell comprises many tiny magnetic grains. Each grain behaves like
an independent magnet whose magnetization can be flipped by a write head during
the data writing process. These grains are irregularly shaped and randomly
oriented. If the grains are small relative to the size of the bit cell, the magnetic
transitions are straight enough so that it is easy to detect the boundary between
adjacent bit cells. Shrinking the bit cells to increase areal density, however,
without shrinking the grain size makes the magnetic transitions harder to detect.
[0003] The traditional solution to this problem has been to shrink the grain
size. However, there is a practical limit. The magnetization of very small grains is

unstable. According to the superparamagnetic effect, the magnetization of a grain
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can flip spontancously if the product of the grain volume and its anisotropy energy
falls below a certain value. The result is a loss of data.
[0004] In patterned media, each bit is stored in a single deliberately formed
magnetic switching volume. This may be one grain, or several exchange volume
coupled grains, rather than a collection of random decoupled grains. Single
switching volumes magnetic islands are formed along circular tracks with regular
spacing. Magnetic transitions no longer meander between random grains but are
distinct boundaries between precisely located islands.

Summary
[0005] An embodiment of the present invention provides a method comprising
providing a pre-patterned substrate having an array of thick walls, depositing a
conforming layer on the pre-patterned substrate, etching the conforming layer from
the top of the thick walls and the space between the walls, and etching the thick
walls while leaving thin walls of conforming layer.
[0006] Preferred embodiments of this invention is shown and described,
simply by way of illustration of the best mode contemplated for carrying out this
invention, in the following detailed description. As will be realized, this invention
is capable of other and different embodiments, and its details are capable of
modifications in various obvious respects, all without departing from this
invention. Accordingly, the drawings and description are to be regarded as

illustrative in nature and not as restrictive.
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Brief Description of the Drawings

[0007] Fig. 1 is a schematic illustration of a method of fabricating patterned
storage media according to one aspect of the invention.

[0008] Fig. 2a is a schematic illustration of a step in a method of fabricating
thin walls for aligning diblock copolymers according to one aspect of the
invention.

[0009] Fig. 2b is a schematic illustration of a step in a method of fabricating
thin walls for aligning diblock copolymers according to one aspect of the
invention.

[0010] Fig. 2¢ is a schematic illustration of a step in a method of fabricating
thin walls for aligning diblock copolymers according to one aspect of the
invention.

[0011] Fig. 2d is a schematic illustration of a step in a method of fabricating
thin walls for aligning diblock copolymers according to one aspect of the
invention.

[0012] Fig. 3 is a plan view of a step in a method of fabricating a hard mask
according to one aspect of the invention.

[0013] Fig. 4 is a plan view of a step in a method of fabricating a hard mask
according to one aspect of the invention.

[0014] Fig. 5 is a plan view of a step in a method of fabricating a hard mask
according to one aspect of the invention.

[0015] Fig. 6 is a plan view of a step in a method of fabricating a hard mask

according to one aspect of the invention.
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[0016] Fig. 7a is a schematic illustration of a step in a method of fabricating a
nano-stamper according to one aspect of the invention.
[0017] Fig. 7b is a schematic illustration of a step in a method of fabricating a
nano-stamper according to one aspect of the invention.
[0018] Fig. 7c is a schematic illustration of a step in a method of fabricating a
nano-stamper according to one aspect of the invention.
[0019] Fig. 7d is a schematic illustration of a step in a method of fabricating a
nano-stamper according to one aspect of the invention.
[0020] Fig. 7¢ is a schematic illustration of a step in a method of fabricating a
nano-stamper according to one aspect of the invention.
[0021] Fig. 7f is a schematic illustration of a step in a method of fabricating a
nano-stamper according to one aspect of the invention.
[0022] Fig. 7g is a schematic illustration of a step in a method of fabricating a
nano-stamper according to one aspect of the invention.
[0023] Fig. 7h is a schematic illustration of a step in a method of fabricating a
nano-stamper according to one aspect of the invention.
[0024] Fig. 71 is a schematic illustration of a step in a method of fabricating a
nano-stamper according to one aspect of the invention.

Detailed Description

[0025] An embodiment of the present invention provides a method comprising
providing a pre-patterned substrate having an array of thick walls, depositing a
conforming layer on the pre-patterned substrate, etching the conforming layer from
the top of the thick walls and the space between the walls, and etching the thick

walls while leaving thin walls of conforming layer.
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[0026] Another embodiment of the present invention includes a device
comprising a substrate and an array of thin walls on the substrate, wherein the thin
walls have a thickness of about 5 nm or less.

[0027] Another embodiment of the present invention includes a device
comprising a substrate a pattern transfer layer on the substrate and an array of
holes in the pattern transfer layer, wherein the holes are aligned with an array of
regions lacking holes, and wherein the regions lacking holes have a thickness of
about 5 nm or less.

Examples

[0028] Figure 1 illustrates one proposed method for fabricating patterned
media 100. A thin layer of UV-curable photoresist 120 is spread on the surface of
a substrate 110. A transparent hard mask (or stamper) 130 is then pressed into the
photoresist layer 120. While the hard mask 130 is in contact with the resist, UV
light 140 is shown through the hard mask 130 onto the substrate 110. The
photoresist 120 hardens, creating a relief pattern of hardened photoresist 125
matching the surface of the hard mask 130. The patterned resist 125 is then etched,
typically with a reactive ion etching plasma 150, generating an array of pillars in
the substrate 110. A magnetic recording material 170 is then deposited on the
surface of the etched substrate. The magnetic material on top array of pillars forms
discrete magnetic islands 160. Base magnetic material 165 at the bottom of the
pillars does not play a role in the recording process because it is too far away from
the magnetic write field.

[0029] Figures 2a to 2d illustrate a method of fabricating thin walls for
aligning diblock copolymers according to one aspect of the invention. In this

embodiment, a pre-patterned substrate 200 comprising a substrate 210, a pattern
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transfer layer 220, an etch stop 230, and patterned thick walls 240 is provided (Fig
2a). Typically, the patterned thick walls 240 are approximately 50nm to 100nm
thick, however, the patterned thick walls 240 may be larger. The pre-patterned
substrate 200 may be produced by conventional semiconductor processes. These
processes include, but are not limited to, chemical vapor deposition (CVD),
organometallic chemical vapor deposition, (OMCVD), physical vapor deposition
(PVD), atomic layer deposition (ALD), molecular beam epitaxy (MBE), liquid
phase epitaxy (LPE), chemical etching, reactive ion etching (RIE), plasma etching,
photolithography, and ion beam lithography.

[0030] A conforming layer 250 is deposited onto the pre-patterned substrate
200 (Fig. 2b). The conforming layer may be deposited by any deposition
technique that provides essentially uniform thickness. Preferably, the conforming
layer is uniformly thick along the sidewalls of the patterned thick walls 240.
Deposition techniques include, but are not limited to, CVD, OMCVD, PVD, ALD,
MBE, and LPE. In one aspect of the invention, the pattern transfer layer 220
comprises SiOy, the etch stop 230 comprises Cr, the patterned thick walls 240
comprises Al, and the conforming layer 250 comprises SiN. These compositions
are by way of example only and are not meant to be limiting.

[0031] In the next step (Fig. 2¢), the conforming layer 250 is etched off the top
of the patterned thick wall 240 and the etch stop 230. However, conforming layer
material along the sidewalls of the patterned thick walls 240 remains. This results
in the fabrication of thin walls 260 of conforming layer material.

[0032] In the final step of this embodiment of the invention, the patterned thick

walls 240 are preferentially etched away. This results in an array of thin walls 260
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of conforming layer material. Preferential etching may be performed by any
suitable method, for example RIE. The thickness of the thin walls 260 is
determined by the conforming film deposition process and may be extremely thin.
Preferably, the thickness of the thin walls 260 may be approximately 5 nm or less.
More preferably, the thickness of the thin walls 260 may be approximately 3 nm or
less. Even more preferably, the thickness of the thin walls 260 may be
approximately 1 nm or less.

[0033] Figures 3-6 illustrate another embodiment of the invention.
Specifically, Figures 3-6 illustrate a method of fabricating a hard mask according
to one aspect of the invention. In the first step of this embodiment, a pre-patterned
substrate 205 with thin walls 260 is provided. Then, the pre-patterned substrate
205 is coated with a suitable diblock copolymer (DBCP), for example P(S-block-
PFS). The DBCP is then allowed to microphase separate to form domains of a
suitable shape. As illustrated in Figure 3, the DBCP separates to form a cylindrical
phase 270 and continuous phase 275. Other known domain shapes include
spherical, gyroidal, and lameller. The choice of domain shape is controlled by the
volume fraction of the various blocks in the DBCP and may be selected depending
on the design of the hard mask.

[0034] In the next step, illustrated in Figure 4, the cylindrical phase 270 is
preferentially etched down to the etch stop 230. The selective etching processes
can be performed to leave cither a positive or a negative image. In the figure, the
positive image is produced.

[0035] In the next step, illustrated in Figure 5, a second preferential etch is

performed. In this step, the exposed etch stop material 230 is removed as well as
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the underlying pattern transfer layer 220. This may be accomplished in a single
etching step or a series of steps depending on the etch stop material 230 and the
pattern transfer layer 220.

[0036] In the last step, illustrated in Figure 6, the patterned thin walls 260 and
the continuous DBCP phase 275 are removed. The resulting hard mask 280
comprises a substrate having arrays of regularly spaced holes in the pattern transfer
layer 220. In another embodiment of the invention, the hard mask 280 can be used
to fabricate patterned storage media having nanoscale domains.

[0037] Another embodiment of the invention is illustrated in Figures 7a-7i. In
this embodiment, the final product is a nano-scale hard mask (or stamper) 330
similar to hard mask 130. That is, rather than having holes as in the last
embodiment, nano-scale hard mask 300 has pillers suitable for pressing into a
photoresist layer.

[0038] In this embodiment of the invention, a pre-patterned substrate 300 is
provided. Pre-patterned substrate 300 comprises a transparent substrate 210, an
etch stop layer 230, and patterned thick walls 240. Preferably, the substrate is
quartz, however any suitable transparent material may be used. Preferably, the
etch stop layer comprises chromium, however any suitable metal or alloy material
may be used. If the etch stop layer is made of chromium, preferably it is
approximately 5 nm thick. The thickness of the etch stop layer, however, may vary
depending on the material used.

[0039] A conforming layer 250 is deposited onto pre-patterned substrate 300
(Fig. 7b). The conforming layer may be deposited by any deposition technique

that provides essentially uniform thickness. Preferably, the conforming layer is
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uniformly thick along the sidewalls of the patterned thick walls 240. Deposition
techniques include, but are not limited to, CVD, OMCVD, PVD, ALD, MBE, and
LPE. In one aspect of the invention, the patterned thick walls 240 comprises Al
and the conforming layer 250 comprises SiN.

[0040] In the next step (Figure 7c¢), the conforming layer 250 is etched off the
top of the patterned thick wall 240 and the etch stop 230. However, conforming
layer material along the sidewalls of the patterned thick walls 240 remains. This
results in the fabrication of thin walls 260 of conforming layer material.

[0041] In the next step (Figure 7d) of this embodiment of the invention, the
patterned thick walls 240 are preferentially etched away. This results in an array of
thin walls 260 of conforming layer material. Preferential etching may be
performed by any suitable method, for example RIE. The thickness of the thin
walls 260 is determined by the conforming film deposition process and may be
extremely thin. Preferably, the thickness of the thin walls 260 may be
approximately 5 nm or less. More preferably, the thickness of the thin walls 260
may be approximately 3 nm or less. Even more preferably, the thickness of the
thin walls 260 may be approximately 1 nm or less.

[0042] In the next step (Figure 7¢), a suitable diblock copolymer (DBCP) 272,
for example P(S-block-PFS) is deposited on the etch stop 230 between the thin
walls 260. The DBCP 272 is then allowed to microphase separate to form domains
of a suitable shape. As illustrated in Figure 7f, the DBCP separates to form a
cylindrical phase 270 and continuous phase 275. Other known domain shapes
include spherical, gyroidal, and lameller. The choice of domain shape is controlled

by the volume fraction of the various blocks in the DBCP and may be selected
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depending on the design of the hard mask.

[0043] In the next step, illustrated in Figure 7g, the continuous phase 275 is
selectively etched down to the transparent substrate 210. That is, the etch stop 230
under the continuous phase 275 is etched away as well. Selective etching of the
continuous phase 275 and the etch stop 230 may be performed with the same
selective etch or in two steps under different etching conditions. The final result of
this step is a pattern of cylindrical pillars comprising etch stop 230 material and
cylindrical DBCP phase 270.

[0044] In the next step, illustrated in Figure 7h, another preferential etch is
performed. In this step, the underlying transparent substrate 210 is etched. As
illustrated, the cylindrical DBCP phase 270 is also removed in this step. The
removal of the cylindrical DBCP phase 270, however, may be accomplished in a
separate etching step.

[0045] In the final step, the etch stop 230 is removed from the substrate 210.
The result is a transparent nano-scale hard mask 330. The nano-scale hard mask
330 is suitable for use in nano-imprint lithography. It can, for example, be used in
the method illustrated in Figure 1 to produce storage media having nano-scale
domains.

[0046] The implementations described above and other implementations are

within the scope of the following claims.
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Claims
1. A method comprising;:
providing a pre-patterned substrate having an array of thick walls;
depositing a conforming layer on the pre-patterned substrate;
etching the conforming layer from the top of the thick walls and the region
of substrate between the walls; and

removing the thick walls while leaving thin walls of conforming layer.

2. The method of claim 1, wherein the thin wall thickness is less than or equal to

10 nm.

3. The method of claim 1, where the think wall thickness is approximately 1 nm.

4. The method of claim 1, wherein the conforming layer comprises SiN.

5. The method of claim 1, wherein the thin walls of conforming layer have a

thickness of about 5 nm or less.

6. The method of claim 1, wherein the thin walls of conforming layer have a

thickness of about 3 nm or less.

7. The method of claim 1, wherein the thin walls of conforming layer have a

thickness of about 1 nm or less.
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8. The method of claim 1, further comprising:

depositing a diblock copolymer on the substrate between the thin wall;

allowing the diblock copolymer to phase separate into a continuous phase
and an a discrete phase, the discrete comprising an array of regions aligned with
the thin walls;

etching away one phase of the diblock copolymer;

etching the pre-patterned substrate using one phase of the diblock
copolymer as a resist pattern; and

removing the diblock copolymer and the thin walls.

9. The method of claim 8, wherein the diblock copolymer phase separates into

cylinders or spheres.

10. The method of claim 8, wherein etching away one component of the diblock

copolymer leaves a negative image.

11. The method of claim 9, further comprising using the etched pre-patterned

substrate to fabricate a media storage device.

12. The method of claim 11, wherein the media storage device comprises islands of

magnetic material corresponding to the cylinders or spheres.

13. A device comprising:
a substrate; and
an array of thin walls on the substrate,
wherein the thin walls have a thickness of about 5 nm or less.
14. The device of claim 13, wherein the thin walls have a thickness of about 3 nm

or less.

15. The device of claim 14, wherein the thin walls have a thickness of about 1 nm

or less.
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16. The device of claim 13, further comprising a diblock copolymer on the

substrate.

17. The device of claim 16, wherein the diblock copolymer comprises a continuous
phase and a discrete phase, the discrete phase comprising an array of regions

aligned with the thin walls.

18. A device comprising:

a transparent substrate with an array of transparent pillars,

wherein the transparent pillars are aligned with an array of regions
corresponding to sidewalls adjacent pre-patterned thick walls, the pre-patterned
thick walls ranging from approximately 50 nm to 100 nm and the regions

corresponding to the sidewalls have a thickness of about 5 nm or less.

19. The device of claim 18, wherein the regions corresponding to the sidewalls

have a thickness of about 3 nm or less.

20. The device of claim 19, wherein the regions corresponding to sidewalls have a

thickness of about 1 nm or less.
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