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(57) A transmissive optical element may include a
substrate. The transmissive optical element may include
a first anti-reflectance structure for a particular wave-
length range formed on the substrate. The transmissive
optical element may include a second anti-reflectance
structure for the particular wavelength range formed on
the first anti-reflectance structure. The transmissive op-
tical element may include a third anti-reflectance struc-

ture for the particular wavelength range formed on the
second anti-reflectance structure. The transmissive op-
tical element may include at least one layer disposed
between the first anti-reflectance structure and the sec-
ond anti-reflectance structure or between the second an-
ti-reflectance structure and the third anti-reflectance
structure.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to thin film struc-
tures. More particularly, some aspects of the present dis-
closure relate to a multi-level thin film structure for a dif-
fractive optical element (DOE) that provides a particular
phase delay between an etched region and an un-etched
region of the multi-layer thin film structure, and that pro-
vides anti-reflectance for a particular wavelength range.

BACKGROUND

[0002] A diffractive optical element (DOE) may be used
for directing a beam. For example, a DOE, such as a
diffractive lens, a spot array illuminator, a spot array gen-
erator, a Fourier array generator, and/or the like, may be
used to split a beam, shape a beam, focus a beam, and/or
the like. A DOE may be integrated into a multicast switch,
a wavelength selective switch, a gesture recognition sys-
tem, a motion sensing system, a depth sensing system,
and/or the like.
[0003] A two-level surface relief profile (sometimes
termed a "binary surface relief profile") may be selected
for a surface relief DOE. For example, the two-level sur-
face relief profile may be selected to approximate a con-
tinuous surface relief profile and to enable use of a pho-
tolithographic procedure and/or an etching procedure to
manufacture the DOE. A two-level thin film stack may be
used to create a single order binary DOE, such as a dif-
fractive lens, and may be associated with a diffraction
efficiency of approximately 40% for a single order binary
DOE. The two-level thin film stack may be used for a spot
array generator, and may provide a symmetrical spot ar-
ray. For example, utilizing a two-level thin film stack may
provide an axis of symmetry such that intensity of spots
is associated with a 180 degree axis of symmetry. Some
materials used for DOEs may require a relief depth of
greater than a threshold, thereby resulting in a threshold
etch time to manufacture the DOE.

SUMMARY

[0004] According to some possible implementations,
a transmissive optical element may include a substrate.
The transmissive optical element may include a first anti-
reflectance structure for a particular wavelength range
formed on the substrate. The transmissive optical ele-
ment may include a second anti-reflectance structure for
the particular wavelength range formed on the first anti-
reflectance structure. The transmissive optical element
may include a third anti-reflectance structure for the par-
ticular wavelength range formed on the second anti-re-
flectance structure. The transmissive optical element
may include at least one layer disposed between the first
anti-reflectance structure and the second anti-reflect-
ance structure or between the second anti-reflectance

structure and the third anti-reflectance structure. A first
relief depth between a first surface of the first anti-reflect-
ance structure and a second surface of the second anti-
reflectance structure and a second relief depth between
the first surface and a third surface of the third anti-re-
flectance structure may be configured to form a diffractive
optical element associated with a first phase delay and
a second phase delay, respectively, for the particular
wavelength range.
[0005] The first phase delay may be a π/2 phase delay
and the second phase delay may be a π phase delay.
[0006] The first anti-reflectance structure, the second
anti-reflectance structure, and the third anti-reflectance
structure may be formed from alternating layers of silicon
and silicon dioxide.
[0007] The first anti-reflectance structure and the sec-
ond anti-reflectance structure may be formed from alter-
nating layers of hydrogenated silicon and silicon dioxide.
[0008] The first anti-reflectance structure may be
formed from a first layer of a first material and a second
layer of a second material; wherein the at least one layer
may be formed from a third layer of the first material;
wherein the second anti-reflectance structure may be
formed from a fourth layer of the second material and a
fifth layer of the first material; and wherein the third anti-
reflectance structure may be formed from a sixth layer
of the second material and a seventh layer of the first
material.
[0009] The first anti-reflectance structure may be
formed on a first side of the substrate; and the optical
element further comprise: a plurality of other anti-reflect-
ance structures for the particular wavelength range
formed on a second side of the substrate.
[0010] The first anti-reflectance structure, the second
anti-reflectance structure, and the third anti-reflectance
structure may form a three-level relief profile.
[0011] The particular wavelength range may be be-
tween 930 nanometers and 950 nanometers.
[0012] The particular wavelength range may be be-
tween 1540 nanometers and 1560 nanometers.
[0013] According to some possible implementations,
an optical element may include a substrate. The optical
element may include a first anti-reflectance structure for
a particular wavelength range formed on the substrate.
The optical element may include a second anti-reflect-
ance structure for the particular wavelength range formed
on the first anti-reflectance structure. The optical element
may include at least one other anti-reflectance structure
for the particular wavelength range formed on the second
anti-reflectance structure. A relief depth between a first
surface of the first anti-reflectance structure and a second
surface of the at least one other anti-reflectance structure
may be configured to form a diffractive optical element
associated with a particular phase delay for the particular
wavelength range.
[0014] The relief depth may be between 0.4 microme-
ters and 3.0 micrometers.
[0015] The first anti-reflectance structure may be an
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etch stop for etching the second anti-reflectance struc-
ture and the second anti-reflectance structure may be an
etch stop for etching the at least one other anti-reflect-
ance structure.
[0016] The at least one other anti-reflectance structure
may include a first other anti-reflectance structure and a
second other anti-reflectance structure; and wherein the
first other anti-reflectance structure may be an etch stop
for etching the second other anti-reflectance structure.
[0017] At least one of the first anti-reflectance struc-
ture, the second anti-reflectance structure, or the at least
one other anti-reflectance structure may be formed using
thin film deposition and etching.
[0018] The optical element may further comprise at
least one layer disposed between the first anti-reflect-
ance structure and the second anti-reflectance structure,
between the second anti-reflectance structure and the at
least one other anti-reflectance structure, or between two
anti-reflectance structures of the at least one other anti-
reflectance structure.
[0019] According to some possible implementations,
a method may include depositing a plurality of layers onto
a wafer, wherein the depositing forms three or more anti-
reflectance structures for a particular wavelength range,
wherein a first anti-reflectance structure, of the three or
more anti-reflectance structures, is formed on the wafer
and beneath a second anti-reflectance structure of the
three or more anti-reflectance structures, and wherein
the second anti-reflectance structure is formed beneath
a third anti-reflectance structure of the three or more anti-
reflectance structures. The method may include etching
a subset of layers of the plurality of layers to form a three
or more-level relief profile, wherein the etching forms a
diffractive optical element associated with a particular
phase delay for the particular wavelength range between
the first anti-reflectance structure and another of the three
or more anti-reflectance structures.
[0020] The method may further comprise: dividing the
wafer into a plurality of diffractive optical elements.
[0021] The plurality of layers may include at least one
of: a silicon layer, a silicon dioxide layer, a tantalum pen-
toxide layer, or a silicon nitride layer.
[0022] At least one layer may be formed between two
of the three or more anti-reflectance structures.
[0023] The method may further comprise:forming an-
other diffractive optical element including another three
or more stacked anti-reflectance structures on another
side of the wafer with the particular phase delay for the
particular wavelength range.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

Fig. 1 is a diagram of an overview of an example
implementation described herein;
Figs. 2A and 2B are diagrams of an example imple-
mentation described herein;

Figs. 3A and 3B are diagrams of an example imple-
mentation described herein;
Fig. 4 is a flow chart of an example process for man-
ufacturing an example implementation described
herein;
Figs. 5A-5E are diagrams of an example implemen-
tation relating to the example process shown in Fig.
4; and
Figs. 6A-6G are diagrams of an example implemen-
tation relating to the example process shown in Fig.
4.

DETAILED DESCRIPTION

[0025] The following detailed description of example
implementations refers to the accompanying drawings.
The same reference numbers in different drawings may
identify the same or similar elements.
[0026] A diffractive optical element (DOE) may be
manufactured using a photolithographic procedure
and/or an etching procedure. For example, to approxi-
mate a continuous surface relief profile, a two-level sur-
face relief profile may be selected for the DOE, and a
surface of the DOE may be etched or patterned to form
the two-level surface relief profile. The two-level surface
relief profile may be used to create a phase delay for a
beam passing through the DOE. For a single order binary
DOE, such as a diffractive lens, a diffractive efficiency of
approximately 40% may be achieved using the two-level
surface relief profile. However, this diffractive efficiency
may be less than a threshold for utilization of a DOE in
an optical system, such as an optical communications
system, a gesture recognition system, a motion detection
system, a depth sensing system, and/or the like. More-
over, a spot array pattern or diffraction pattern created
by the DOE may be symmetrical, and an asymmetric
diffraction pattern may be desired for a particular optical
system.
[0027] Some implementations, described herein, may
provide a multi-level DOE with a threshold diffractive ef-
ficiency. For example, some implementations, described
herein, may provide a multi-level DOE (e.g., greater than
two levels) to provide a particular phase delay at a par-
ticular wavelength of incident light between portions of
the DOE and an anti-reflectance at the particular wave-
length of incident light. Moreover, some implementa-
tions, described herein, may provide a DOE associated
with an asymmetric spot array pattern or diffraction pat-
tern.
[0028] In some implementations, described herein, a
DOE may be associated with a relief depth to fabricate
a selected surface relief profile of less than a threshold,
thereby resulting in a reduced aspect ratio, a reduced
etch time, and/or a reduced fabrication cost for the DOE
(relative to other techniques for manufacturing a DOE).
Furthermore, layers of the DOE may provide an integrat-
ed etch stop for the DOE. Some implementations, de-
scribed herein, may provide a method for manufacturing
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a DOE. For example, a DOE may be manufactured using
a thin film deposition procedure, an etching procedure,
and/or the like, which may provide improved layer thick-
ness accuracy and improved manufacturability relative
to other techniques for manufacturing a DOE.
[0029] Fig. 1 is a diagram of an overview of an example
implementation 100 described herein. Fig. 1 shows an
example of spot array generation using a surface relief
DOE grating and a converging lens as a spot array illu-
minator (sometimes termed a spot array generator or dot
array generator).
[0030] As shown in Fig. 1, an incident plane wave 110,
with a wavelength of λ0, is directed toward a surface relief
DOE grating 120. In some implementations, surface relief
DOE grating 120 may be a DOE with a multi-level surface
relief profile, such as a four-level DOE, an eight-level
DOE, a 2n-level DOE (where n > 1), a k-level DOE (e.g.,
where k > 2), and/or the like. In some implementations,
surface relief DOE grating 120 may include, for example,
alternating layers of silicon (Si) and silicon dioxide (SiO2),
alternating layers of hydrogenated silicon (Si:H) and sil-
icon dioxide, and/or the like.
[0031] In some implementations, layers of surface re-
lief DOE grating 120 may be configured to provide an
anti-reflectance functionality at a particular wavelength
of incident light. In some implementations, a layer of sur-
face relief DOE grating 120 (e.g., a silicon dioxide layer)
may provide an etch stop functionality during manufac-
ture of surface relief DOE grating 120. In some imple-
mentations, incident plane wave 110 may have a wave-
length in a range from approximately 800 nanometers
(nm) to approximately 1100 nm, approximately 800 nm
to approximately 1000 nm, approximately 830 nm to ap-
proximately 1000 nm, approximately 850 nm to approx-
imately 1000 nm, approximately 915 nm to approximately
1000 nm, approximately 940 nm to approximately 1000
nm, approximately 930 nm to approximately 950 nm,
and/or the like. In some implementations, incident plane
wave 110 may have a wavelength in a range from ap-
proximately 1100 nm to approximately 2000 nm, approx-
imately 1400 nm to approximately 1700 nm, approxi-
mately 1520 nm to approximately 1630 nm, approximate-
ly 1540 nm to approximately 1560 nm, and/or the like.
Additional details regarding surface relief DOE grating
120 are described herein.
[0032] As further shown in Fig. 1, surface relief DOE
grating 120 diffracts incident plane wave 110, and directs
wavefront 130 (e.g., diffracted orders of incident plane
wave 110) toward a converging lens 140. Converging
lens 140 is separated by a focal distance 150 from a focal
plane 160. In some implementations, example imple-
mentation 100 may be used for a gesture recognition
system, and focal plane 160 may be a target for gesture
recognition. Additionally, or alternatively, focal plane 160
may be an object (e.g., for an object sensing system), a
communications target (e.g., for an optical communica-
tion system), and/or the like.
[0033] As further shown in Fig. 1, based on converging

lens 140 altering an orientation of wavefront 130 to form
wavefront 170, wavefront 170 is directed toward focal
plane 160 causing a multiple spot array pattern to be
formed at focal plane 160. In some implementations, the
multiple spot array pattern may be asymmetric. In some
implementations, surface relief DOE grating 120 may be
used to create a two-dimensional spot array. In this way,
surface relief DOE grating 120 may be used as a spot
array illuminator to create a spot array at focal plane 160
from incident plane wave 110, thereby enabling a gesture
recognition system, a motion sensing system, an optical
communications system, and/or the like.
[0034] As indicated above, Fig. 1 is provided merely
as an example. Other examples are possible and may
differ from what was described with regard to Fig. 1.
[0035] Figs. 2A and 2B are diagrams relating to an ex-
ample implementation described herein. As shown in Fig.
2A, and by diagram 200, a continuous relief profile can
be quantized into a set of discrete levels to enable a pho-
tolithographic and/or an etching procedure to be used for
manufacturing a DOE.
[0036] As further shown in Fig. 2A, and by reference
number 202, a continuous relief profile may be associat-
ed with a diffractive efficiency of approximately 100% (for
a single order configuration) and may provide a contin-
uously increasing phase delay of 2π from a second pitch
position, dx, relative to a first pitch position, 0. As shown
by reference number 204, the continuous relief profile
may be approximated by a two-level relief profile (some-
times termed a binary relief profile). The two-level relief
profile may be associated with a diffractive efficiency of
approximately 40.5% (for a single order configuration)
and may provide a π phase delay at a second region of
a DOE, from pitch position 0.5dx to pitch position dx,
relative to a first region of the DOE, from pitch position 0
to pitch position 0.5dx.
[0037] As further shown in Fig. 2A, and by reference
number 206, the continuous relief profile may be approx-
imated by a 4-level relief profile. The 4-level relief profile
may be associated with a diffractive efficiency of approx-
imately 81% (for a single order configuration), and may
provide a π/2 phase delay at a second region of the DOE,
from pitch position 0.25dx to pitch position 0.5dx, relative
to a first region of the DOE, from 0 to 0.25dx; a π phase
delay at a third region of the DOE, from 0.5dx to 0.75dx,
relative to the first region of the DOE; and a 3π/2 phase
delay at a fourth region of the DOE, from 0.75dx to dx,
relative to the first region of the DOE.
[0038] As further shown in Fig. 2A, and by reference
number 208, the continuous relief profile may be approx-
imated by an 8-level relief profile. The 8-level relief profile
may be associated with a diffractive efficiency of approx-
imately 95% (for a single order configuration), and may
provide phase delays in increments of π/4 at regions of
the DOE (e.g., π/4 at a second region from 0.125dx to
0.25dx; π/2 at a third region, from 0.25dx to 0.375dx; 3π/4
at a fourth region, from 0.375dx to 0.5dx; etc. relative to
a first region of the DOE, from 0 to 0.125dx). In some
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implementations, another configuration with another dif-
fraction efficiency may be used. For example, a config-
uration using 2 orders, 4 orders, 10 orders, 100 orders,
and/or the like may be used to increase a diffraction ef-
ficiency relative to the single order configuration. In this
case, such as for +/- 100 orders, a diffraction efficiency
of approximately 75% to 80% may be achieved for a two-
level relief profile. Based on using a multi-level DOE with
greater than 2 levels, diffractive efficiency may be im-
proved to greater than a threshold (for a single order con-
figuration and/or the like), such as greater than 41%,
greater than 50%, greater than 75%, greater than 80%,
greater than 85%, greater than 90%, greater than 95%,
greater than 99%, and/or the like.
[0039] Although some implementations, described
herein, are described in terms of a 2n level DOE (where
n > 1) (e.g., a 4-level DOE, an 8-level DOE, etc.), other
types of k-level DOEs are possible (where k > 2), such
as a 3-level DOE, a 5-level DOE, a 6-level DOE, etc.
Additionally, or alternatively, although some implemen-
tations, described herein, are described in terms of a reg-
ular distribution of levels (e.g., for a 4-level DOE, phase
delays of kπ/2 for k = [0, 3]), other non-regular distribu-
tions of levels are possible (e.g., for a 4-level DOE, phase
delays of 0, π/5, π/3, 3π/4, and 7π/8). Additionally, or al-
ternatively, although some implementations described
herein are described in terms of DOEs having regions
with a regular distribution of the pitch (e.g. for a 4-level
DOE, the pitch (1dx) is split equally with each region
spanning 0.25dx), other non-regular distributions of pitch
are possible (e.g. for a 4-level DOE, a first phase delay
region may span 0.1dx, while second, third and fourth
phase delay regions may span 0.2dx, 0.4dx and 0.3dx
respectively). In this way, a multi-level DOE may enable
additional quantities of phase delays and/or values of
phase delays.
[0040] As shown in Fig. 2B, a DOE 210 may include a
substrate 215. In some implementations, substrate 215
may be a glass substrate, a fused silica substrate, and/or
the like. For example, substrate 215 may be a fused silica
substrate with a thickness of approximately 200 microm-
eters, and with a refractive index, nsub, of 1.45. For ex-
ample, as shown in Fig. 2B, a set of alternating silicon
and silicon dioxide layers may be disposed onto a top
surface of substrate 215 and patterned to form a relief
profile, as described herein, and anti-reflectance coating
220 may cover the bottom surface of substrate 215. In
some implementations, anti-reflectance coating 220 may
be absent or may be substituted with another anti-reflect-
ance structure such as the anti-reflectance structure
formed on the top surface. In some implementations, an
anti-reflectance structure may include a thin film, a thin
film structure, an anti-reflectance coating, a deposited
thin layer, a deposited thin film layer, and/or the like.
[0041] As further shown in Fig. 2B, the set of alternating
silicon and silicon dioxide layers may include a set of
silicon layers 225 and a set of silicon dioxide layers 230.
For example, silicon layer 225-1 may be disposed on

substrate 215, and silicon dioxide layer 230-1 may be
disposed on silicon layer 225-1. Silicon layer 225-1 and
silicon dioxide layer 230-1 may form a pair of matched
layers 235-1, which provide a first anti-reflectance struc-
ture. Similarly, silicon dioxide layer 230-2 may be dis-
posed on silicon layer 225-2, and may form a pair of
matched layers 235-2, which provide a second anti-re-
flectance structure; silicon dioxide layer 230-3 may be
disposed on silicon layer 225-3, and may form a pair of
matched layers 235-3, which provide a third anti-reflect-
ance structure; silicon layer 225-4 may be disposed on
silicon dioxide layer 230-4, and may form a pair of
matched layers 235-4, which provide a fourth anti-reflect-
ance structure. As shown, silicon layer 225-5 may be
disposed between matched layers 235-3 and matched
layers 235-4. Silicon layer 225-5 may be configured to
provide a particular functionality for DOE 210, and may
be configured independent of the anti-reflectance struc-
tures, thereby improving flexibility in DOE design.
[0042] In some implementations, DOE 210 may be ex-
posed to an air or gaseous interface. For example, a first
surface of DOE 210 (e.g., surfaces of matched layers
235) and a second surface of DOE 210 (e.g., a surface
of anti-reflectance coating 220) may be exposed to an
air interface with a refractive index, nair, of 1.0. A relief
depth, h, may be calculated based on the equation: 

 where λ0 is a nominal illuminating wavelength for a DOE,
such as DOE 210 and K represents a quantity of levels.
To reduce a relief depth, a material with a relatively large
refractive index may be selected, such as silicon dioxide,
which may result, in some implementations, in a relief
depth, h, of an etch (e.g., etch 240) of approximately 0.75
micrometers (mm). In some implementations, the relief
depth may be a relief depth of between 0.4 mm and 3.0
mm, between 0.5 mm and 2.5 mm, between 1.0 mm and
2.0 mm, and/or the like. In some implementations, layers
may be index matched to increase transmittance of DOE
210. For example, silicon layers 225 and silicon dioxide
layers 230 may be selected based on respective refrac-
tive indices of 3.5 and 1.45 being within a threshold
amount of between 1.4 and 3.9.
[0043] In some implementations, other materials may
be selected for a thin film coating material, such as tan-
talum pentoxide (Ta2O5) and silicon nitride (Si3N4), which
may have a refractive index of approximately 2.0. Based
on using silicon thin film for layers of DOE 210, a relief
depth for a 4-level relief profile is reduced relative to other
material selections. For example, for a 3π/2 phase delay
in a 4-level relief profile at a nominal illuminating wave-
length of 1550 nm, silicon dioxide may be associated with
a relief depth of approximately 2.33 mm, tantalum pen-
toxide and silicon nitride may be associated with a relief
depth of approximately 1.16 mm, and silicon may be as-
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sociated with a relief depth of approximately 0.47 mm.
Other materials with similar refractive indices, such as a
refractive index range of between 1.5 and 3.5, a refractive
index of 2.0, and/or the like may be used. Similarly, for
an 8-level relief profile, silicon dioxide may be associated
with a relief depth of approximately 2.71 mm, tantalum
pentoxide and silicon nitride may be associated with a
relief depth of approximately 1.36 mm, and silicon may
be associated with a relief depth of approximately 0.54
mm. In some implementations, hydrogenation may be
used to improve optical performance of a coating mate-
rial. For example, hydrogenated silicon may be used for
silicon layers 225. In this way, hydrogenation may be
used to reduce an absorption edge of silicon to enable
use for a wavelength of between 800 nm and 1000 nm
and to reduce the desired relief depth of the DOE to im-
prove manufacturing (e.g. increase quality and/or yield).
In some implementations, Argon may be used in a dep-
osition chamber to form a low absorption coating (e.g.,
less than a threshold amount of absorption). In some
implementations, a silicon carbide may be used with a
refractive index of approximately 2.7 for use with visible
light wavelengths and/or the like, such as for a DOE lens
for a camera.
[0044] As indicated above, Figs. 2A and 2B are pro-
vided merely as examples. Other examples are possible
and may differ from what was described with regard to
Figs. 2A and 2B.
[0045] Figs. 3A and 3B are diagrams of example im-
plementations of DOEs 300 and 300’. As shown in Fig.
3A, DOE 300 includes a substrate 305, an anti-reflect-
ance coating 310, a set of silicon layers 315-1 through
315-4, and a set of silicon dioxide layers 320-1 through
320-3.
[0046] As further shown in Fig. 3A, and by reference
number 325, silicon dioxide layers 320-1 and 320-2 may
be etch stop layers to enable etching to more accurately
form a 2π(K-1)/K phase delay for a quantity of levels K.
For example, an etching procedure may be performed
such that un-etched stack 330 remains un-etched and
etched stacks 335-1 and 335-2 are etched to relief depths
340-1 and 340-2, respectively. Relief depth 340-1 may
provide a 2π(K-1)/K phase delay between etched stack
335-1 and un-etched stack 330. Relief depth 340-2 may
provide a phase delay between 0 and 2π/K between
etched stack 335-2 and un-etched stack 330. In some
implementations, multiple etching procedures using mul-
tiple tools may be performed to etch DOE 300. For ex-
ample, DOE 300 may be manufactured using multiple
silicon dioxide etch tools, multiple silicon etch tools, mul-
tiple etching techniques (e.g., a deep reactive ion (DRIE)
etch tool technique, a reactive-ion etching (RIE) tool tech-
nique, a sputter etching tool technique, and/or the like),
and/or the like.
[0047] In some implementations, layers of DOE 300
may form a set of anti-reflectance structures. For exam-
ple, layers 320-1 and 315-1 may form a first anti-reflect-
ance structure for a particular wavelength range (e.g. the

wavelength of incident light), layers 315-2 and 320-2 may
form a second anti-reflectance structure for the particular
wavelength range, and layers 315-3 and 320-3 may form
a third anti-reflectance structure for the particular wave-
length range, thereby forming a three-level relief profile
having anti-reflectance structures built into each etched
stack of the DOE 300 and built into the un-etched stack
330. Accordingly, the DOE 300 may not require additional
anti-reflectance coatings or structures on the top surface.
[0048] In some implementations, described herein, the
second anti-reflectance structure may be formed on the
first anti-reflectance structure, and an adjacent surface
of the first anti-reflectance structure (e.g., a top surface
of layer 320-1) may be an etch stop for etching to form
etched stack 335-1. Similarly, the third anti-reflectance
structure may be formed on the second anti-reflectance
structure, and an adjacent surface the second anti-re-
flectance structure (e.g., a top surface of layer 320-2)
may be an etch stop when forming etched stack 335-2.
[0049] In some implementations, at least one layer,
such as layer 315-4 and/or the like, may be between a
set of anti-reflectance structures (e.g., between the first
anti-reflectance structure and the second anti-reflect-
ance structure, between the second anti-reflectance
structure and the third anti-reflectance structure, and/or
the like). In this way, an alteration to the relief depths
340-1 and/or 340-2 may be performed to alter a charac-
teristic of DOE 300 without altering transmission charac-
teristics of DOE 300. In some implementations, the first
anti-reflectance structure, the second anti-reflectance
structure, and/or the third anti-reflectance structure may
not be separated by a layer.
[0050] In some implementations, each layer may be
associated with a particular thickness. For example, the
particular thickness may correspond to a wavelength of
light for which the particular phase delay is caused and
for which DOE 300 is transmissive (e.g., greater than a
threshold percentage of transmissivity, such as greater
than 99%, greater than 98%, greater than 97%, greater
than 95%, greater than 90%, and/or the like). In some
implementations, DOE 300 may be associated with a par-
ticular pitch 345 (sometimes termed a period), dx, which
may correspond to a wavelength of light for which the
particular phase delay is caused and for which DOE 300
is transmissive. In some implementations, a capping lay-
er may be formed onto the seventh layer (e.g., another
silicon dioxide layer), which may improve robustness dur-
ing dicing of a wafer that includes DOE 300.
[0051] In some implementations, thicknesses of layers
of DOE 300, a size of pitch 345, an index of refraction of
the anti-reflectance structures and/or the layers thereof,
and/or the like may be selected to cause a particular
phase delay (e.g., the 2π(K-1)/K phase delay) at a par-
ticular wavelength for which the anti-reflectance struc-
tures provide an anti-reflectance functionality. For exam-
ple, the first anti-reflectance structure may be associated
with a first index of refraction of a particular amount, the
second anti-reflectance structure may be associated with
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a second index of refraction of 3.4, the third anti-reflect-
ance structure may be associated with a third index of
refraction of 2.81 for a 940 nm three level thin film DOE.
In some implementations, the particular wavelength may
include a wavelength range of between approximately
1530 nm and 1570 nm, 930 nm to 950 nm, and/or the
like. As shown by reference number 350, based on inci-
dent light being directed at a first side of substrate 305,
a set of intensity orders (e.g., intensity orders -2, -1, 0,
1, 2, etc.) are provided by DOE 300. In some implemen-
tations, DOE 300 may provide greater than 50 intensity
orders, greater than 100 intensity orders, greater than
200 intensity orders, greater than 300 intensity orders,
greater than 350 intensity orders, greater than 500 inten-
sity orders, and/or the like.
[0052] As shown in Fig. 3B, DOE 300’ includes a first
diffractive (transmissive) optical element formed on a first
side of substrate 305 and a second diffractive (transmis-
sive) optical element formed on a second side of sub-
strate 305. Each diffractive optical element includes a set
of silicon layers 315-1 through 315-4 and a set of silicon
dioxide layers 320-1 through 320-3. As shown by refer-
ence numbers 355-1 and 355-2, based on incident light
being directed toward DOE 300’, the second diffractive
optical element causes a first set of intensity orders to
be directed through substrate 305 to the first diffractive
optical element, which causes a second set of intensity
orders to be provided from DOE 300’. In this way, sub-
strate 305 maintains an alignment of the first diffractive
optical element and the second diffractive optical ele-
ment, thereby reducing a difficulty in maintaining align-
ment relative to another technique, such as free space
optics or using a pick-and-place machine to independ-
ently align two separate DOEs. Moreover, based on dis-
posing DOEs onto both sides of a substrate, an amount
of mechanical stress may be balanced for the DOEs,
thereby improving durability, increasing flatness of the
DOEs across operating temperature ranges, reducing
warping or bowing of the DOEs, and/or the like.
[0053] Although some implementations, described
herein, are described in terms of a particular quantity of
layers, such as 7 layers, other quantities of layers are
possible, such as 8 layers (e.g., 8 alternating silicon/sil-
icon dioxide layers), 9 layers, 10 layers, 20 layers, and/or
the like.
[0054] As indicated above, Figs. 3A and 3B are pro-
vided merely as examples. Other examples are possible
and may differ from what was described with regard to
Figs. 3A and 3B.
[0055] Fig. 4 is a flow chart of an example process 400
for manufacturing a DOE. Examples of some manufac-
turing steps of process 400 are shown in more detail with
regard to Figs. 5A-5E and Figs. 6A-6G.
[0056] As shown in Fig. 4, process 400 may include
depositing a set of layers onto a substrate (block 410).
For example, during manufacture, a deposition proce-
dure may be used to deposit the set of layers onto the
substrate. In some implementations, one or more of the

set of layers may be a thin film deposited using a thin film
deposition procedure, such as a sputter deposition pro-
cedure using a pulsed magnetron sputtering system. In
some implementations, the set of layers may a set of
silicon layers, a set of silicon dioxide layers, and/or the
like. In some implementations, the set of layers may be
deposited onto the substrate with a threshold tolerance.
For example, the set of layers may be deposited within
2% of a specified thickness, within 1% of a specified thick-
ness, within 0.5% of a specified thickness, within 0.25%
of a specified thickness, within 0.1% of a specified thick-
ness, within 0.01% of a specified thickness, and/or the
like. In this way, layers for forming a first anti-reflectance
structure for a particular wavelength, a second anti-re-
flectance structure for the particular wavelength, ... , and
an nth anti-reflectance structure for the particular wave-
length may be deposited. In some implementations, the
high accuracy in thickness when depositing thin film coat-
ings may improve accuracy in the relief depth(s) of a
DOE.
[0057] In some implementations, the substrate may be
a glass substrate, a fused silica substrate, a substrate
that is transparent for a particular wavelength of incident
light, and/or the like. In some implementations, the set
of layers may include multiple sets of silicon and silicon
dioxide layers. For example, for a 4-level DOE, a first set
of silicon and silicon dioxide layers may be deposited
onto the substrate, a second set of silicon and silicon
dioxide layers may be deposited onto the first set, a third
set of silicon and silicon dioxide layers may be deposited
onto the second set, and a fourth set of silicon and silicon
dioxide layers may be deposited onto the third set. In this
case, another silicon layer may be deposited onto the
fourth set, and a set of three mask layers may be depos-
ited onto the other silicon layer, as described in more
detail herein, to enable etching and mask removal to form
the 4-level DOE. In some implementations, other quan-
tities of DOE levels may be possible, such as a 2-level
DOE, a 3-level DOE, a 5-level DOE, a 6-level DOE,
and/or the like.
[0058] In some implementations, an anti-reflectance
coating layer may be formed using the set of layers. For
example, the anti-reflectance coating may be a DOE anti-
reflectance coating to stress balance the substrate and
the DOEs, thereby reducing warping of the substrate over
an operating temperature range. Additionally, or alterna-
tively, an anti-reflectance layer may be deposited on a
back side of the substrate (and layers to form a DOE may
be deposited on a front side of the substrate). In some
implementations, the set of layers may be deposited onto
multiple sides of the substrate. For example, the set of
layers may be deposited to form anti-reflectance struc-
tures on a first side of the substrate and on a second side
of the substrate, which may result in the substrate sup-
porting multiple DOEs. In some implementations, anoth-
er set of materials may be used for at least one of the
layers, such as a hydrogenated silicon based material,
a tantalum pentoxide based material, a silicon nitride
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based material, and/or the like.
[0059] As further shown in Fig. 4, process 400 may
include depositing a set of masks onto a surface of the
set of layers (block 420). For example, during manufac-
ture, a deposition procedure may be used to deposit the
set of masks onto surfaces of the set of layers. In some
implementations, multiple masks may be deposited. For
example, to form a 4-level DOE, a first mask may be
deposited onto a portion of a top layer of the set of layers,
a second mask may be deposited onto a portion of the
top layer and onto the first mask, a third mask may be
deposited onto a portion of the top layer and onto the
second mask. In this case, a patterning of the masks
(e.g., a portion of the top layer that is covered by each
of the masks, may be selected to enable forming of the
4-level DOE during etching and mask removal.
[0060] In some implementations, a material for the
mask may be selected such that the mask is associated
with a threshold selectivity or a threshold resistivity to
silicon etching and/or silicon dioxide etching. In some
implementations, the masks may be formed using mul-
tiple materials. For example, a first mask may be an alu-
minum mask and a second mask may be a photoresist
mask. In this way, the masks may be configured such
that removal of the first mask does not result in removal
of the second mask, thereby enabling formation of a
DOE. In this way, based on depositing multiple masks
before etching, an accuracy of manufacture is improved,
a manufacturability is improved, and an alignment toler-
ance is improved relative to other techniques, such as
depositing mask layers onto etched layers of a DOE after
one or more etching steps.
[0061] As further shown in Fig. 4, process 400 may
include etching the set of layers (block 430), and remov-
ing a mask of the set of masks (block 440). For example,
during manufacture, an etching procedure and a mask
removal procedure may be performed to form a DOE. In
this case, the etching procedure may include multiple
etching steps and the mask removal procedure may in-
clude multiple mask removal steps. For example, for a
4-level DOE, a first etching step may be performed, a
first mask removal step may be performed, a second
etching step may be performed, a second mask removal
step may be performed, a third etching step may be per-
formed, and a third mask removal step may be per-
formed, as described in more detail herein. In some im-
plementations, multiple different types of mask removal
steps may be performed for multiple different material
masks. For example, an aluminum mask removal step
may be performed to remove a first mask of aluminum
and a photoresist mask removal step may be performed
to remove a second mask of photoresist. In some imple-
mentations, the etch step may be performed to remove
a subset of layers of the set of layers. For example, based
on silicon dioxide layers being configured as etch stops,
a single etch step may include a silicon dioxide etch to
remove a first silicon dioxide layer followed by a silicon
etch to remove a first silicon layer, such that a second

silicon dioxide layer disposed below the first silicon layer
etch stops the silicon etch to maintain the second silicon
dioxide layer and/or a second silicon layer disposed be-
low the second silicon dioxide layer. In this way, a set of
anti-reflectance structures may be formed for the DOE.
[0062] As further shown in Fig. 4, process 400 may
include performing wafer finishing (block 450). For ex-
ample, the DOE may be tested, the DOE may be diced
into multiple discrete DOEs (e.g., a wafer onto which mul-
tiple DOEs were patterned may be diced into the multiple
discrete DOEs), and the DOE may be packaged for in-
clusion in an optical device. In some implementations,
the wafer may be diced to form multiple 200 millimeter
(mm) x 0.725 mm wafers.
[0063] Although Fig. 4 shows example blocks of proc-
ess 400, in some implementations, process 400 may in-
clude additional blocks, fewer blocks, different blocks, or
differently arranged blocks than those depicted in Fig. 4.
Additionally, or alternatively, two or more of the blocks
of process 400 may be performed in parallel.
[0064] Figs. 5A-5E are diagrams of an example imple-
mentation 500 relating to example process 400 shown
in Fig. 4. As shown, Figs. 5A-5E illustrate examples of
etching a set of layers and removing a set of masks from
the set of layers as described, above, with regard to
blocks 430 and 440.
[0065] As shown in Fig. 5A, and from reference line
502 to reference line 508, example implementation 500
may include a set of layers 512 to 528. The set of layers
512 to 528 may be planar and unetched. For example,
example implementation 500 may include a substrate
layer 514. A set of alternating silicon layers 516, 520,
524, and 528 and silicon dioxide layers 518, 522, and
526 are deposited on one surface of substrate layer 514.
An optional anti-reflectance coating or structure 512 is
provided on an opposite surface of the substrate layer
514.
[0066] As further shown with regard to Fig. 5A, mask
layers 536 and 538 may be deposited and patterned onto
portions of silicon layer 528, such that mask layers 536
and 538 cover portions of silicon layer 528. The materials
used for each mask may be dissimilar so that the removal
of mask 538 does not affect the pattern of mask 536.
Mask layer 536 is deposited to cover silicon layer 528
between reference lines 506 and 508 to protect the set
of layers 512-528 during etching thereby enabling etch-
ing to form a third anti-reflectance structure between ref-
erence lines 506 and 508. Mask layer 538 is deposited
to cover silicon layer 528 between reference line 504 and
reference line 506 to protect the set of layers 512 to 528
during etching thereby enabling etching to form a second
anti-reflectance structure between reference lines 504
and 506. Mask layers 536 and 538 do not cover silicon
layer 528 between reference lines 502 and 504 leaving
the set of layers 512 to 528 unprotected during etching,
thereby enabling etching to form a first anti-reflectance
structure between reference lines 502 and 504, as de-
scribed in more detail herein.
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[0067] As shown in Fig. 5B, a first etching step of an
etching procedure may be performed to remove a portion
of silicon layer 528, silicon dioxide layer 526, and silicon
layer 524 that is not covered by mask layer 538 (e.g.,
between reference lines 502 and 504). In this case, sili-
con dioxide layer 522 may perform an etch stop function-
ality for the first etching step.
[0068] As shown in Fig. 5C, a first mask removal step
of a mask removal procedure may be performed to re-
move mask layer 538, thereby exposing a portion of sil-
icon layer 528 (e.g., between reference lines 504 and
506) and a portion of mask layer 536 (e.g., between ref-
erence lines 506 and 508).
[0069] As shown in Fig. 5D, a second etching step of
the etching procedure may be performed to remove sil-
icon dioxide layer 522 and silicon layer 520 between ref-
erence lines 502 and 504, and to remove silicon layer
528, silicon dioxide layer 526, and silicon layer 524 be-
tween reference lines 504 and 506. In this case, silicon
dioxide layer 518 may perform an etch stop functionality
for the second etch step between reference lines 502
and 504, and silicon dioxide layer 522 may perform an
etch stop functionality for the second etch step between
reference lines 504 and 506.
[0070] As shown in Fig. 5E, a second mask removal
step of the mask removal procedure may be performed
to remove mask layer 536, thereby exposing silicon layer
528 between reference lines 506 and 508. In this way, a
3-level relief profile may be formed with a first anti-re-
flectance structure for a particular wavelength between
reference lines 502 and 504, a second anti-reflectance
structure for the particular wavelength between refer-
ence lines 504 and 506, and a third anti-reflectance struc-
ture and another silicon layer (e.g., silicon layer 524) be-
tween reference lines 506 and 508. In this case, a phase
delay between the first anti-reflectance structure be-
tween reference lines 502 and 504 and the third anti-
reflectance structure between reference lines 506 and
508 may be a π phase delay.
[0071] As indicated above, Figs. 5A-5E are provided
merely as an example. Other examples are possible and
may differ from what was described with regard to Figs.
5A-5E.
[0072] Fig. 6A-6G are diagrams of an example imple-
mentation 600 relating to example process 400 shown
in Fig. 4. As shown, Figs. 6A-6G illustrate examples of
etching a set of layers and removing a set of masks from
the set of layers as described, above, with regard to
blocks 430 and 440.
[0073] As shown in Fig. 6A, example implementation
600 from reference line 602 to reference line 610 may
include a set of layers 612 to 632. The set of layers 612
to 632 may be planar and unetched. For example, ex-
ample implementation 600 may include a substrate layer
614. An anti-reflectance layer 612 may be deposited onto
a first side of substrate layer 614 and a set of alternating
silicon layers 616, 620, 624, 628, and 632 and silicon
dioxide layers 618, 622, 626, and 630 may be deposited

onto a second side of substrate layer 614.
[0074] As further shown in Fig. 6A, mask layers 634,
636, and 638 are deposited and patterned to cover por-
tions of silicon layer 632 to enabling an etching procedure
and a mask removal procedure to be performed to form
a set of four anti-reflectance structures between refer-
ence lines 602 and 610. The materials used for each
mask 634, 636, 638 may be dissimilar so that the removal
of one does not affect the pattern of the remaining
mask(s).
[0075] As shown in Fig. 6B, a first etch step of an etch-
ing procedure may be performed to remove a portion of
silicon layer 632, silicon dioxide layer 630, and silicon
layer 628 not covered by mask layer 638 (e.g., between
reference lines 602 and 604). In this case, silicon dioxide
layer 626 may perform an etch stop functionality for the
first etching step.
[0076] As shown in Fig. 6C, a first mask removal step
of a mask removal procedure may performed to remove
mask layer 638, thereby exposing a portion of silicon lay-
er 632 between reference lines 604 and 606 and a portion
of mask layer 636 between reference lines 606 and 610.
[0077] As shown in Fig. 6D, a second etch step of the
etching procedure may be performed to remove silicon
dioxide layer 626 and silicon layer 624 between reference
lines 602 and 604, and to remove silicon layer 632, silicon
dioxide layer 630, and silicon layer 628 between refer-
ence lines 604 and 606. In this case, silicon dioxide layer
622 may perform an etch stop functionality for the second
etch step between reference lines 602 and 604, and sil-
icon dioxide layer 626 may perform an etch stop func-
tionality for the second etch step between reference lines
604 and 606.
[0078] As shown in Fig. 6E, a second mask removal
step of the mask removal procedure may be performed
to remove mask layer 636, thereby exposing silicon layer
632 between reference lines 606 and 608 and a portion
of mask layer 634 between reference lines 608 and 610.
[0079] As shown in Fig. 6F, a third etch step of the
etching procedure may be performed to remove silicon
dioxide layer 622 and silicon layer 620 between reference
lines 602 and 604; silicon dioxide layer 626 and silicon
layer 624 between reference lines 604 and 606; and sil-
icon layer 632, silicon dioxide layer 630, and silicon layer
628 between reference lines 606 and 608. In this case,
silicon dioxide layer 618 may perform an etch stop func-
tionality for the third etch step between reference lines
602 and 604, silicon dioxide layer 622 may perform an
etch stop functionality for the third etch step between
reference lines 604 and 606, and silicon dioxide layer
626 may perform an etch stop functionality for the third
etch step between reference lines 606 and 608.
[0080] As shown in Fig. 6G, a third mask removal step
of the mask removal procedure may be performed to re-
move mask layer 634, thereby exposing silicon layer 632
between reference lines 608 and 610.
[0081] In this way, a 4-level relief profile may be formed
with a first anti-reflectance structure for a particular wave-
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length between reference lines 602 and 604, a second
anti-reflectance structure for the particular wavelength
between reference lines 604 and 606, a third anti-reflect-
ance structure for the particular wavelength between ref-
erence lines 606 and 608, and a fourth anti-reflectance
structure and another silicon layer (e.g., silicon layer 628)
between reference lines 608 and 610. In this case, a
phase delay between the first anti-reflectance structure
between reference lines 602 and 604 and the fourth anti-
reflectance structure between reference lines 608 and
610 may be a π phase delay.
[0082] As indicated above, Figs. 6A-6G are provided
merely as an example. Other examples are possible and
may differ from what was described with regard to Figs.
6A-6G.
[0083] In this way, a DOE with a thin film stack including
alternating silicon layers (e.g., hydrogenated silicon lay-
ers) and silicon dioxide layers etched into a multi-level
(e.g., three or more level) relief profile is configured and
manufactured. Moreover, layers of the DOE may be de-
signed to provide anti-reflectance properties, integrated
etch stop properties, and/or the like. Furthermore, design
may be performed using thin film process deposition,
which may control zero order power. Furthermore, based
on using thin film deposition and etching, a quantity of
manufacture steps to manufacture the DOE may be re-
duced, thereby reducing time and cost relative to other
techniques for manufacturing a DOE.
[0084] In the example embodiments illustrated in, for
example, Figs. 5A- 5E, 6A-6G, and/or the like, the relief
depths and anti-reflection structures have been illustrat-
ed as a periodic or repeating pattern and with a constant
cross-section, such as found in a diffraction grating. Oth-
er, non-periodic relief depths and anti-reflection struc-
tures with irregular or variable cross-sections are equally
contemplated, such as, but not limited to, DOEs for pat-
tern generation, depth mapping dot projection, and struc-
tured light.
[0085] The foregoing disclosure provides illustration
and description, but is not intended to be exhaustive or
to limit the implementations to the precise form disclosed.
Modifications and variations are possible in light of the
above disclosure or may be acquired from practice of the
implementations.
[0086] Some implementations are described herein in
connection with thresholds. As used herein, satisfying a
threshold may refer to a value being greater than the
threshold, more than the threshold, higher than the
threshold, greater than or equal to the threshold, less
than the threshold, fewer than the threshold, lower than
the threshold, less than or equal to the threshold, equal
to the threshold, or the like.
[0087] Even though particular combinations of fea-
tures are recited in the claims and/or disclosed in the
specification, these combinations are not intended to limit
the disclosure of possible implementations. In fact, many
of these features may be combined in ways not specifi-
cally recited in the claims and/or disclosed in the speci-

fication. Although each dependent claim listed below may
directly depend on only one claim, the disclosure of pos-
sible implementations includes each dependent claim in
combination with every other claim in the claim set.
[0088] No element, act, or instruction used herein
should be construed as critical or essential unless explic-
itly described as such. Also, as used herein, the articles
"a" and "an" are intended to include one or more items,
and may be used interchangeably with "one or more."
Furthermore, as used herein, the term "set" is intended
to include one or more items (e.g., related items, unre-
lated items, a combination of related and unrelated items,
etc.), and may be used interchangeably with "one or
more." Where only one item is intended, the term "one"
or similar language is used. Also, as used herein, the
terms "has," "have," "having," or the like are intended to
be open-ended terms. Further, the phrase "based on" is
intended to mean "based, at least in part, on" unless ex-
plicitly stated otherwise.

Claims

1. A transmissive optical element, comprising:

a substrate;
a first anti-reflectance structure for a particular
wavelength range formed on the substrate;
a second anti-reflectance structure for the par-
ticular wavelength range formed on the first anti-
reflectance structure;
a third anti-reflectance structure for the particu-
lar wavelength range formed on the second anti-
reflectance structure; and
at least one layer disposed between the first anti-
reflectance structure and the second anti-re-
flectance structure or between the second anti-
reflectance structure and the third anti-reflect-
ance structure,

wherein a first relief depth between a first
surface of the first anti-reflectance structure
and a second surface of the second anti-
reflectance structure and a second relief
depth between the first surface and a third
surface of the third anti-reflectance struc-
ture are configured to form a diffractive op-
tical element associated with a first phase
delay and a second phase delay, respec-
tively, for the particular wavelength range.

2. The transmissive optical element of claim 1, wherein
the first phase delay is a π/2 phase delay and the
second phase delay is a π phase delay.

3. The transmissive optical element of claim 1, wherein
the first anti-reflectance structure, the second anti-
reflectance structure, and the third anti-reflectance
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structure are formed from alternating layers of silicon
and silicon dioxide.

4. The transmissive optical element of claim 1, wherein
the first anti-reflectance structure and the second an-
ti-reflectance structure are formed from alternating
layers of hydrogenated silicon and silicon dioxide.

5. The transmissive optical element of claim 1, wherein
the first anti-reflectance structure is formed from a
first layer of a first material and a second layer of a
second material;
wherein the at least one layer is formed from a third
layer of the first material;
wherein the second anti-reflectance structure is
formed from a fourth layer of the second material
and a fifth layer of the first material; and
wherein the third anti-reflectance structure is formed
from a sixth layer of the second material and a sev-
enth layer of the first material.

6. The transmissive optical element of claim 1, wherein
the first anti-reflectance structure is formed on a first
side of the substrate; and
the optical element further comprises:

a plurality of other anti-reflectance structures for
the particular wavelength range formed on a
second side of the substrate.

7. The transmissive optical element of claim 1, wherein
the first anti-reflectance structure, the second anti-
reflectance structure, and the third anti-reflectance
structure form a three-level relief profile.

8. The transmissive optical element of claim 1, wherein
the particular wavelength range is between 930 na-
nometers and 950 nanometers or 1540 nanometers
and 1560 nanometers.

9. An optical element, comprising:

a substrate;
a first anti-reflectance structure for a particular
wavelength range formed on the substrate;
a second anti-reflectance structure for the par-
ticular wavelength range formed on the first anti-
reflectance structure;
at least one other anti-reflectance structure for
the particular wavelength range formed on the
second anti-reflectance structure; and

wherein a relief depth between a first sur-
face of the first anti-reflectance structure
and a second surface of the at least one
other anti-reflectance structure is config-
ured to form a diffractive optical element as-
sociated with a particular phase delay for

the particular wavelength range.

10. The optical element of claim 9, wherein the first anti-
reflectance structure is an etch stop for etching the
second anti-reflectance structure and the second an-
ti-reflectance structure is an etch stop for etching the
at least one other anti-reflectance structure.

11. A method, comprising:

depositing a plurality of layers onto a wafer,

wherein the depositing forms three or more
anti-reflectance structures for a particular
wavelength range,
wherein a first anti-reflectance structure, of
the three or more anti-reflectance struc-
tures, is formed on the wafer and beneath
a second anti-reflectance structure of the
three or more anti-reflectance structures,
wherein the second anti-reflectance struc-
ture is formed beneath a third anti-reflect-
ance structure of the three or more anti-re-
flectance structures; and

etching a subset of layers of the plurality of layers
to form a three or more-level relief profile,

wherein the etching forms a diffractive op-
tical element associated with a particular
phase delay for the particular wavelength
range between the first anti-reflectance
structure and another of the three or more
anti-reflectance structures.

12. The method of claim 11, further comprising:

dividing the wafer into a plurality of diffractive
optical elements.

13. The method of claim 11, wherein the plurality of lay-
ers includes at least one of:

a silicon layer,
a silicon dioxide layer,
a tantalum pentoxide layer, or
a silicon nitride layer.

14. The method of claim 11, wherein at least one layer
is formed between two of the three or more anti-re-
flectance structures.

15. The method of claim 11, further comprising:

forming another diffractive optical element in-
cluding another three or more stacked anti-re-
flectance structures on another side of the wafer
with the particular phase delay for the particular
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wavelength range.
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