Title
METASURFACE STRUCTURE AND FABRICATION METHOD THEREOF

Background of the Invention
1. Field of the Invention
[0001] The invention relates to the field of semiconductor technology, in particular to a

metasurface structure and a manufacturing method thereof.

2. Description of the Prior Art

[0002] A metasurface is a layer of sub-wavelength-scale nanostructures that can be used to
design functional devices in ultrathin form. Various metasurface-based optical devices - coined as
flat optics devices - have been realized with distinction performances in research laboratories
using electron beam lithography.

[0003] To make such devices mass producible at low cost, metasurfaces over a large area have
also been defined with lithography steppers and scanners, which are commonly used in

semiconductor foundries.

Summary of the Invention

[0004] 1t is one object of the present invention to provide an improved metasurface structure
and its manufacturing method to solve the deficiencies or shortcomings of the prior art.

[0005] One aspect of the invention provides a metasurface structure including a substrate
having a first region and a second region not overlapping with the first region; a plurality of first
pillar elements formed within the first region on the substrate; and a plurality of second pillar
elements formed within the second region on the substrate, wherein the plurality of first pillar
elements has a first sectional profile and the plurality of second pillar elements has a second
sectional profile that is different from the first sectional profile, and wherein at least one of the first
sectional profile and the second sectional profile is of a non-rectangular shape.

[0006] According to some embodiments, the plurality of first pillar elements and the plurality of
second pillar elements comprise amorphous silicon.

[0007] According to some embodiments, the plurality of first pillar elements and the plurality of
second pillar elements are surrounded by an encapsulation material.

[0008] According to some embodiments, the encapsulation material comprises silicon oxide.

[0009] According to some embodiments, the substrate comprises silicon.



[0010] According to some embodiments, the metasurface structure further comprises a
dielectric layer on the substrate, wherein the plurality of first pillar elements and the plurality of
second pillar elements are disposed on the dielectric layer.

[0011] According to some embodiments, the dielectric layer comprises silicon oxide.

[0012] According to some embodiments, the first sectional profile comprises a trapezoidal
shape, an inverted trapezoidal shape, or a parallelogram shape.

[0013] According to some embodiments, the second sectional profile comprises a trapezoidal
shape, an inverted trapezoidal shape, or a parallelogram shape.

[0014]  According to some embodiments, the plurality of first pillar elements and the plurality of
second pillar elements have substantially the same height.

[0015]  Another aspect of the invention provides a method for forming a metasurface structure.
A substrate is provided. The substrate includes a first region and a second region not overlapping
with the first region. A plurality of first pillar elements is formed within the first region on the
substrate. A plurality of second pillar elements is formed within the second region on the substrate.
The plurality of first pillar elements has a first sectional profile and the plurality of second pillar
elements has a second sectional profile that is different from the first sectional profile. At least one
of the first sectional profile and the second sectional profile is of a non-rectangular shape.

[0016] According to some embodiments, the plurality of first pillar elements and the plurality of
second pillar elements comprise amorphous silicon.

[0017] According to some embodiments, the plurality of first pillar elements and the plurality of
second pillar elements are surrounded by an encapsulation material.

[0018] According to some embodiments, the encapsulation material comprises silicon oxide.
[0019] According to some embodiments, the method further comprises the step of forming a
dielectric layer on the substrate, wherein the plurality of first pillar elements and the plurality of
second pillar elements are disposed on the dielectric layer.

[0020] According to some embodiments, the dielectric layer comprises silicon oxide.

[0021] According to some embodiments, the first sectional profile comprises a trapezoidal
shape, an inverted trapezoidal shape, or a parallelogram shape.

[0022] According to some embodiments, the second sectional profile comprises a trapezoidal
shape, an inverted trapezoidal shape, or a parallelogram shape.

[0023] According to some embodiments, the plurality of first pillar elements and the plurality of

second pillar elements have substantially the same height.

[0024]  Still another aspect of the invention provides a method of forming a metasurface
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structure. A substrate is provided. The substrate includes a first region and a second region not
overlapping the first region. An amorphous silicon layer is formed on the substrate in the first
region and the second region. A hard mask layer is formed on the amorphous silicon layer. A first
photoresist layer is coated on the hard mask layer. A photolithography process is performed on the
first photoresist layer in the first region with a first exposure condition, and a photolithography
process is performed on the first photoresist layer in the second region with a second exposure
condition different from the first exposure condition, thereby forming photoresist patterns with
different profiles in the first region and the second region. Using the photoresist patterns with
different profiles as an etching hard mask, the amorphous silicon layer is subjected to a first
etching process, thereby forming pillar elements with different profiles. A second photoresist layer
is then coated on the pillar elements in the first region. The second photoresist layer is used as an
etching hard mask and a second etching process is performed on the pillar elements in the second
region, thereby forming a plurality of first pillar element in the first regions on the substrate and a
plurality of second pillar elements in the second region on the substrate. The plurality of first pillar
elements comprises a first cross-sectional profile and the plurality of second pillar elements
comprises a second cross-sectional profile different from the first cross-sectional profile. At least
one of the first cross-sectional profile and the second cross-sectional profile is non-rectangular.
[0025] These and other objectives of the present invention will no doubt become obvious to
those of ordinary skill in the art after reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and drawings.

Brief Description of the Drawings

[0026] FIG. 1 to FIG. 7 are schematic cross-sectional views of a method for forming a

metasurface structure according to an embodiment of the present invention.

Detailed Description

[0027] In the following detailed description of the disclosure, reference is made to the
accompanying drawings, which form a part hereof, and in which is shown, by way of illustration,
specific embodiments in which the invention may be practiced. These embodiments are described
in sufficient detail to enable those skilled in the art to practice the invention.

[0028] Other embodiments may be utilized, and structural, logical, and electrical changes may
be made without departing from the scope of the present invention. Therefore, the following
detailed description is not to be considered as limiting, but the embodiments included herein are
defined by the scope of the accompanying claims.

[0029] Please refer to FIG. 1 to FIG. 7, which are schematic cross-sectional views of a method
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for forming a metasurface structure according to an embodiment of the present invention. First, as
shown in FIG. 1, a substrate 100 is provided, which has a first region R1, a second region R2 and a
third region R3. According to an embodiment of the present invention, the first region R1, the
second region R2 and the third region R3 do not overlap each other. According to an embodiment
of the present invention, the substrate 100 may be a semiconductor substrate, for example, the
substrate 100 may include silicon. According to an embodiment of the present invention, the
substrate 100 may be a silicon substrate, but is not limited thereto.

[0030] According to an embodiment of the invention, a dielectric layer 110 is formed on the
substrate 100. According to an embodiment of the present invention, for example, the dielectric
layer 110 may include silicon oxide, but is not limited thereto. According to an embodiment of the
present invention, an amorphous silicon layer 120 is formed on the dielectric layer 110.

[0031] Asshownin FIG. 2, a hard mask layer 130 is then formed on the amorphous silicon layer
120. The hard mask layer 130 may be a silicon nitride layer, but not limited to. According to an
embodiment of the present invention, a photoresist layer 140 is then coated on the hard mask layer
130.

[0032] As shown in FIG. 3, a photolithography process is then performed, by using different
exposure conditions in the first region R1, the second region R2 and the third region R3, and using
different optical proximity correction (OPC) patterns in the corresponding regions on the
photomask. The photoresist patterns 141, 142 and 143 with different sectional profiles can be
formed on the hard mask layer 130 in the first region R1, the second region R2 and the third region
R3, respectively. OPC technology is to use calculation methods to correct the patterns on the
photomask so that the patterns projected on the photoresist meet the design requirements as much
as possible, which is known as a lithography resolution enhancement technology.

[0033] According to an embodiment of the present invention, for example, a first OPC pattern is
used in the photomask region relative to the first region R1, and a second OPC pattern different
from the first OPC pattern is used in the photomask regions relative to the second region R2 and
the third region R3. The first OPC pattern is, for example, an octagon, and the second OPC pattern
is, for example, a thirty-six sided polygon, but not limited thereto. The first exposure condition, for
example, a relatively shorter exposure focal length is adopted in the first region R1 and the third
region R3, and the second exposure condition, for example, a relatively longer exposure focal
length different from the first exposure condition is adopted in the second region R2, so that
photoresist patterns 141 , 142 and 143 with different sectional profiles are respectively formed on
the hard mask layer 130 in the first region R1 , the second region R2 and the third region R3 .
[0034] As shown in FIG. 4, a first etching process ET1, such as an anisotropic dry etching
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process, is then performed to etch the hard mask layer 130 not covered by the photoresist patterns
141, 142 and 143, thereby transferring the photoresist patterns 141, 142, and 143 to the hard mask
layer 130, respectively, and forming the hard mask patterns 131, 132, and 133 in the first region
R1, the second region R2, and the third region R3, respectively. The anisotropic dry etching
process ET1 is continued to etch the amorphous silicon layer 120 not covered by the hard mask
patterns 131, 132, 133, respectively in the first region R1, the second region R2 and the third
region R3, thereby forming pillar elements 121, 122, 123 with different sectional profiles. For the
sake of simplicity, only one pillar element 121, only one pillar element 122, and only one pillar
element 123 are shown in the first region R1, the second region R2 and the third region R3,
respectively. It should be understood that each of the first region R1, the second region R2 and the
third region R3 may have multiple pillar elements.

[0035] According to an embodiment of the present invention, for example, the pillar element
121 in the first region R1 may have a rectangular profile, and the pillar elements 122, 123 in the
second regions R2 and the third region R3 may have non-rectangular profiles, for example,
trapezoidal profiles, inverted trapezoidal profile or parallelogram profile. According to an
embodiment of the invention, for example, the pillar elements 121, 122, 123 may have different
sectional profiles from each other.

[0036] As shown in FIG. 5, a photolithography process is performed to form a photoresist
pattern 150 on the first region R1 and the second region R2. According to an embodiment of the
present invention, for example, the photoresist pattern 150 covers the pillar elements 121 and 122
in the first region R1 and the second region R2, but exposes the pillar elements 123 in the third
region R3.

[0037] As shown in FIG. 6, a second etching process ET2 , such as an anisotropic dry etching
process, is then performed to etch the pillar elements 123 not covered by the photoresist pattern
150 to form trimmed pillar elements 123a. According to embodiments of the invention, for
example, the trimmed post element 123a may have a non-rectangular profile, such as a trapezoidal
profile, an inverted trapezoidal profile, or a parallelogram profile. According to an embodiment of
the invention, for example, the pillar elements 121, 122, 123a may have different sectional profiles
from each other. According to an embodiment of the present invention, for example, the etching
power of the anisotropic dry etching process ET2 is greater than that of the anisotropic dry etching
process ET1, and the etching time of the anisotropic dry etching process ET2 is longer than that of
the anisotropic dry etching process ET1.

[0038] As shown in FIG. 7, the photoresist pattern 150 is removed, and then the hard mask

patterns 131, 132, 133 can be optionally removed, and then the encapsulation material 200 is
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formed, such that the metasurface structure 1 is completed. According to an embodiment of the
invention, the pillar elements 121, 122, 123a are surrounded by an encapsulation material 200.
According to an embodiment of the present invention, the encapsulation material 200 may include
silicon oxide, but is not limited thereto. According to an embodiment of the present invention, the
pillar elements 121, 122, 123a have substantially the same height, and the pillar elements 121, 122,
123a may have different sectional profiles from each other.

[0039] Those skilled in the art will readily observe that numerous modifications and alterations
of the device and method may be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as limited only by the metes and bounds of

the appended claims.



Claims

What is claimed is:

1. A metasurface structure, comprising:

a substrate having a first region and a second region not overlapping with the first region;

a plurality of first pillar elements formed within the first region on the substrate; and

a plurality of second pillar elements formed within the second region on the substrate,
wherein the plurality of first pillar elements has a first sectional profile and the plurality of second
pillar elements has a second sectional profile that is different from the first sectional profile, and
wherein at least one of the first sectional profile and the second sectional profile is of a

non-rectangular shape.

2. The metasurface structure according to claim 1, wherein the plurality of first pillar elements and

the plurality of second pillar elements comprise amorphous silicon.

3. The metasurface structure according to claim 1, wherein the plurality of first pillar elements and

the plurality of second pillar elements are surrounded by an encapsulation material.

4. The metasurface structure according to claim 3, wherein the encapsulation material comprises

silicon oxide.
5. The metasurface structure according to claim 1, wherein the substrate comprises silicon.
6. The metasurface structure according to claim 1 further comprising:

a dielectric layer on the substrate, wherein the plurality of first pillar elements and the

plurality of second pillar elements are disposed on the dielectric layer.

7. The metasurface structure according to claim 6, wherein the dielectric layer comprises silicon

oxide.

8. The metasurface structure according to claim 1, wherein the first sectional profile comprises a

trapezoidal shape, an inverted trapezoidal shape, or a parallelogram shape.

9. The metasurface structure according to claim 1, wherein the second sectional profile comprises
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a trapezoidal shape, an inverted trapezoidal shape, or a parallelogram shape.

10. The metasurface structure according to claim 1, wherein the plurality of first pillar elements

and the plurality of second pillar elements have substantially the same height.

11. A method for forming a metasurface structure, comprising:

providing a substrate having a first region and a second region not overlapping with the first
region;

forming a plurality of first pillar elements within the first region on the substrate; and

forming a plurality of second pillar elements within the second region on the substrate,
wherein the plurality of first pillar elements has a first sectional profile and the plurality of second
pillar elements has a second sectional profile that is different from the first sectional profile, and
wherein at least one of the first sectional profile and the second sectional profile is of a

non-rectangular shape.

12. The method according to claim 11, wherein the plurality of first pillar elements and the

plurality of second pillar elements comprise amorphous silicon.

13. The method according to claim 11, wherein the plurality of first pillar elements and the

plurality of second pillar elements are surrounded by an encapsulation material.

14. The method according to claim 13, wherein the encapsulation material comprises silicon

oxide.
15. The method according to claim 11 further comprising:

forming a dielectric layer on the substrate, wherein the plurality of first pillar elements and
the plurality of second pillar elements are disposed on the dielectric layer.

16. The method according to claim 15, wherein the dielectric layer comprises silicon oxide.

17. The method according to claim 11, wherein the first sectional profile comprises a trapezoidal

shape, an inverted trapezoidal shape, or a parallelogram shape.

18. The method according to claim 11, wherein the second sectional profile comprises a
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trapezoidal shape, an inverted trapezoidal shape, or a parallelogram shape.

19. The method according to claim 11, wherein the plurality of first pillar elements and the

plurality of second pillar elements have substantially the same height.

20. A method of forming a metasurface structure comprising:

providing a substrate having a first region and a second region not overlapping the first
region;

forming an amorphous silicon layer on the substrate in the first region and the second region;

forming a hard mask layer on the amorphous silicon layer;

coating a first photoresist layer on the hard mask layer;

performing a photolithography process on the first photoresist layer in the first region with a
first exposure condition, and performing a photolithography process on the first photoresist layer
in the second region with a second exposure condition different from the first exposure condition,
thereby forming photoresist patterns with different profiles in the first region and the second
region;

using the photoresist patterns with different profiles as an etching hard mask, subjecting the
amorphous silicon layer to a first etching process, thereby forming pillar elements with different
profiles;

coating a second photoresist layer on the pillar elements in the first region; and

using the second photoresist layer to perform a second etching process to the pillar elements
in the second region, thereby forming a plurality of first pillar element in the first regions on the
substrate and a plurality of second pillar elements in the second region on the substrate, wherein
the plurality of first pillar elements comprises a first cross-sectional profile and the plurality of
second pillar elements comprises a second cross-sectional profile different from the first
cross-sectional profile, wherein at least one of the first cross-sectional profile and the second

cross-sectional profile is non-rectangular.



