OPTICAL FILTER PLATE

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to Chinese Patent Application, with the
Application No. 201910487270.2 and the title “Optical Filter”, filed before the China
National Intellectual Property Administration (CNIPA) on June 5, 2019, the disclosure of

which is hereby incorporated by reference in its entirety.

TECHNICAL FIELD
[0002] The present disclosure relates to the field of optical elements, and more particularly,

to a near infrared optical filter.

BACKGROUND

[0003] The near-infrared narrow-band optical filter can be applied to a face recognition
system, a gesture recognition system, a laser radar, a smart appliance, and the like. When the
above-mentioned systems or devices operate, the near-infrared narrow-band optical filter often
receives light incident at an oblique angle.

[0004] The near-infrared narrow-band optical filter generally includes a substrate, and both
sides of the substrate are coated with a multilayer film to form a set of films. The near-infrared
narrow-band optical filter has a passband corresponding to light. A majority of light
corresponding to the passband can pass through the near-infrared narrow-band optical filter,
and a majority of light corresponding to a non-passband is cut off. There is a need in the art for

an optical filter having excellent optical filter properties to improve imaging quality.

SUMMARY

[0005] To address or partially address the above-mentioned drawbacks of the prior art,
examples of the present disclosure propose an optical filter and a method for manufacturing the
optical filter. Examples of the present disclosure also provide an optical system.

[0006] Examples of the present disclosure provide an optical filter including a substrate and
a first set of films disposed on a first surface of the substrate, wherein the first set of films
includes a high refractive index film layer, a low refractive index film layer, and a matching
film layer. A material of the matching film layer includes a nitrogen-doped silicon germanium
mixture having a chemical formula SixGe-xNy, where 0 <x< 1, and 0 <y< 0.1. In a wavelength
range of 780nm to 3000nm, a refractive index of the high refractive index film layer is greater
than a refractive index of the low refractive index film layer, and a refractive index of the
matching film layer is not equal to a refractive index of its adjacent film layer.

[0007] In one embodiment, the optical filter has a passband within a wavelength range of
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780nm to 1200nm, and when an incident angle of light changes from 0° to 30°, a drift amount
of a center wavelength of the passband is not greater than 16nm.

[0008] In one embodiment, the passband of the optical filter has a center wavelength
corresponding to a p light and a center wavelength corresponding to a s light, and when the
incident angle of light is 30°, a drift between the center wavelength corresponding to the p light
and the center wavelength corresponding to the s light is not greater than 5 nm.

[0009] In one embodiment, an average transmittance of the passband of the optical filter is
not less than 93%.

[0010] In one embodiment, the refractive index of the high refractive index film layer is
greater than 3, the refractive index of the low refractive index film layer is less than 3, and the
refractive index of the matching film layer is between 1.7 and 4.5, in a wavelength range of
780nm to 1200nm.

[0011] In one embodiment, the nitrogen-doped silicon germanium mixture may further be
doped with hydrogen and have a chemical formula SixGe-xNy:H;, where 0 <x< 1, 0 <y< 1, and
z< 1, at least a part of which is an amorphous hydrogenated nitrogen-doped silicon germanium
mixture a-SixGe1-xOy:He.

[0012] In one embodiment, the nitrogen-doped silicon germanium mixture further includes
an auxiliary component including one or more of oxygen, boron, or phosphorus, and a ratio of
a number of each atom in the auxiliary component to a number of silicon atoms is less than
10%.

[0013] In one embodiment, a material of the high refractive index film layer includes SiwGe-
w:Hy, where 0 <w< 1, and 0 <v< 1.

[0014] In one embodiment, a material of the low refractive index film layer includes a mixture
of one or more of Si07, Si3Ny4, Ta;0s5, Nb2Os, TiO7, Al,O3, SiCN, or SiC.

[0015] In one embodiment, the substrate further includes a second surface facing away from
the first surface. The optical filter further includes a second set of films disposed on the second
surface of the substrate. The second set of films is a set of longwave pass films or a set of
wideband pass films, and the first set of films is a set of narrowband pass films. A passband of
the second set of films covers a passband of the first set of films.

[0016] In one embodiment, a sum of a thickness of the first set of films and a thickness of the
second set of films is less than 12um.

[0017] In one embodiment, the second set of films is the set of longwave pass films. In a
wavelength range of 350nm to 1200nm, the set of narrowband pass films has a passband, the

set of longwave pass films has a passband and a cut-off band, and the passband of the set of
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longwave pass films covers the passband of the set of narrowband pass films. A blocking of the
cut-off band of the set of longwave pass films is not lower than a blocking of a corresponding
band of the set of narrowband pass films.

[0018] In one embodiment, the second set of films is the set of wideband pass films. In a
wavelength range of 780nm to 1200nm, the set of narrowband pass films has a passband, the
set of wideband pass films has a passband, and the passband of the set of wideband pass films
covers the passband of the set of narrowband pass films. In a wavelength range less than 780nm,
an average blocking of the set of wideband pass films is not lower than an average blocking of
the set of narrowband pass films.

In one embodiment, along a direction away from the substrate, the first set of films has a
structure in one of the following forms: (L3-L;-L3-L2)*-L3-Li; (L1-L3)?-(L2-L3-Li-L3)*-Li-La;
(L1-L3)*—(L2-(L1-L3)P-Li-L2)9-(Li1-L3)" Ly; (Ls3-Li1)*—(L2-(Li-L3)P-Li-L2)9-(Ls-L1)" Ls-Li-
(L2-(Li-L3)"-Li-L2)"; or (L3-L1)*—(L3-L1)" L3-(L2-(Li-L3)P-Li-L2)? -(L3-L1)" Ls- (L2-(Li-
L3)'-Li-L2)"-(L3-L1)". In the structural of the first set of films, L; represents the high refractive
index film layer, L3 represents a first low refractive index film layer, L> represents the matching
film layer, p, q, r, and s represent a number of repetitions of a structure in parentheses, wherein
p, g, I, and s are integers greater than or equal to 0.

[0019] According to a second aspect, an example of the present disclosure provides an optical
system which may include an infrared image sensor and the aforementioned optical filter. The
optical filter is arranged on a photosensitive side of the infrared image sensor.

[0020] Examples of the present disclosure provide an optical filter. A first set of films of the
optical filter includes a high refractive index film layer, a matching film layer, and a low
refractive index film layer. A material of the matching film layer is a nitrogen-doped silicon
germanium mixture to be suitable for matching the high refractive index film layer or the low
refractive index film layer. Specifically, by doping nitrogen atoms in a silicon-germanium
mixture, the bonding manner of germanium element (or silicon element) to other elements is
changed, and the mole number of the nitrogen element is less than 10% of the sum of the mole
number of the silicon element and the mole number of the germanium element. Different
nitrogen doping content has different effects on the refractive index of the material. For details,
see the graph attached for the relationship between refractive index and nitrogen doping.
Depending on different product or customer requirements on optical specifications, the amount
of nitrogen doping is adjusted to produce a suitable medium refractive index material for the
material of the F-P structure or the material of the matching film layer. By matching the

matching film layer with other film layers, the optical filter provided in the present disclosure
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has a passband with a small change in bandwidth for incident light incident at different angles.
An optical system provided with such optical filter has a high signal-to-noise ratio, and a high
quality of data. In other words, under the same signal-to-noise ratio requirements, other

components of the optical system may have a higher design margin.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Other features, objects, and advantages of the present disclosure will become
more apparent by reading the detailed description of the non-limiting examples with
reference to the accompanying drawings:

[0022] FIG. 1 shows a schematic structural diagram of an optical filter according to an
example of the present disclosure;

[0023] FIGS. 2a and 2b show refractive index curves and an extinction coefficient curve,
respectively, of a matching layer according to an example of the present disclosure;

[0024] FIG. 3 shows transmission versus wavelength curves according to Example 1 of the
present disclosure;

[0025] FIG. 4 shows transmission versus wavelength curves according to Example 2 of the
present disclosure;

[0026] FIG. 5 shows transmission versus wavelength curves according to Example 3 of the
present disclosure; and

[0027] FIG. 6 shows a schematic structural diagram of an optical system according to an

example of the present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0028] For a better understanding of the present disclosure, various aspects of the present
disclosure will be described in more detail with reference to the accompanying drawings.
It should be understood that the detailed description is merely illustrative of the exemplary
embodiments of the present disclosure and is not intended to limit the scope of the present
disclosure in any way. Throughout the specification, the same reference numerals refer to
the same elements. The expression “and/or” includes any and all combinations of one or
more of the associated listed items.

[0029] 1t should be noted that in the present specification, the expressions such as first,
second, third are used merely for distinguishing one feature from another, without
indicating any limitation on the features. Thus, a first side discussed below may also be
referred to as a second side without departing from the teachings of the present disclosure,
and vice versa.

[0030] In the accompanying drawings, the thickness, size and shape of the component
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have been somewhat adjusted for the convenience of explanation. The accompanying
drawings are merely illustrative and not strictly drawn to scale. For example, the ratio
between the thickness and the length of the first set of films is not in accordance with the

99 ¢

ratio in actual production. As used herein, the terms “approximately,” “about,” and similar
terms are used as approximate terms, not as terms representing degree, and are intended
to describe inherent deviations in the value that will be recognized, measured or calculated
by those of ordinary skill in the art.
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[0031] It should be further understood that the terms ‘“comprising,” “including,”

99 ¢

“having,” “containing” and/or “contain,” when used in the specification, specify the
presence of stated features, elements and/or components, but do not exclude the presence
or addition of one or more other features, elements, components and/or combinations
thereof. In addition, expressions, such as “at least one of,” when preceding a list of
features, modify the entire list of features rather than an individual element in the list.
Further, the use of “may,” when describing embodiments of the present disclosure, refers
to “one or more embodiments of the present disclosure.” Also, the term “exemplary” is
intended to refer to an example or illustration.

[0032] Unless otherwise defined, all terms (including engineering terms and scientific
and technological terms) used herein have the same meaning as commonly understood by
those of ordinary skill in the art to which the present disclosure belongs. It will be further
understood that terms, those defined in commonly used dictionaries, should be interpreted
as having a meaning that is consistent with the meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal sense, unless expressly so
defined herein.

[0033] It should also be noted that, the examples in the present disclosure and the features
in the examples may be combined with each other on a non-conflict basis. In addition,
unless clearly defined or contradictory to the context, the specific steps included in the
method described in the present disclosure are not necessarily limited to the described
order, and can be executed in any order or in parallel. The present disclosure will be
described in detail below with reference to the accompanying drawings and in
combination with the examples.

[0034] FIG. 1 shows a schematic structural diagram of an optical filter according to an
example of the present disclosure. Referring to FIG. 1, an optical filter 5 according to an
example of the present disclosure includes a substrate 51 and a first set of films 52. The substrate

51 is a transparent substrate including an upper surface and a lower surface facing away from
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each other. The upper surface of the substrate 51 is a first surface and the lower surface is a
second surface, and the first set of films 52 is disposed on the first surface of the substrate 51.
The first set of films 52 includes a high refractive index film layer, a low refractive index film
layer, and a matching film layer.

[0035] In an exemplary embodiment, the shape of the substrate 51 has other optical structures,
such as a prism. The light entrance surface of the substrate 51 may be considered as the first
surface and the light exit surface may be considered as the second surface.

[0036] In an exemplary embodiment, the material of the matching film layer includes a
hydrogenated nitrogen-doped silicon germanium mixture, and the hydrogenated nitrogen-
doped silicon germanium mixture has the chemical formula SixGe;.xNy:H, where 0 <x< 1, and
0 <y< 0.1. Exemplarily, the nitrogen-doped silicon germanium mixture has the chemical
formula SixGei-xNy, where 0 <x< 0.5, and 0<y<0.1. For example, the nitrogen-doped silicon
germanium mixture has the chemical formula Sio.sGeo.sNo.os. Exemplarily, 0<x<0.3, and
0<y<0.1, for example the chemical formula of the nitrogen-doped silicon germanium mixture
is Si0.1Geo.9No.02:Ho.7. Exemplarily, the chemical formula of the nitrogen-doped silicon
germanium mixture is SiNo.1:H.

[0037] In an exemplary embodiment, the material of at least a part of the matching film layer
is an amorphous nitrogen-doped silicon germanium mixture: a-SixGei-xNy. Exemplarily, the
volume of the amorphous nitrogen-doped silicon germanium mixture constitutes 20% of the
volume of the matching film layer. The matching film layer is formed by accumulation of
molecular layers, exemplarily, the matching film layer includes a plurality of amorphous
nitrogen-doped silicon germanium mixture layers and a plurality of single crystal nitrogen-
doped silicon germanium mixture layers, wherein the ratio of the sum of the thicknesses of all
the amorphous nitrogen-doped silicon germanium mixture layers to the thickness of the
matching film layer is between 16% and 20%. Exemplarily, the material of the matching film
layer includes one or more of a polycrystalline nitrogen-doped silicon germanium mixture, a
microcrystalline nitrogen-doped silicon germanium mixture, and a nanocrystalline nitrogen-
doped silicon germanium mixture. The optical constant of the matching film layer is suitable
for accurately setting in a large range, so that the states of the P light and the s light passing
therethrough can be kept stable in a complex operating environment, and the drift between the
center wavelength of the p light and the center wavelength of the s light of the first set of films
is small.

[0038] In an exemplary embodiment, in the wavelength range of 780nm to 1200nm, the

refractive index of the high refractive index film layer is greater than the refractive index of the
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low refractive index film layer, and the refractive index of the matching film layer is not equal
to the refractive index of the film layer adjacent thereto.

[0039] The optical filter provided in an example of the present disclosure can accurately set
an optical constant to achieve a specific optical characteristic within a wide range. For example,
a narrow-band optical filter with certain bandwidth. The optical filters provided herein can be
used in photovoltaic cells to achieve passage of a particular optical band gap, or to achieve high
absorption or high cutoff of light at a particular wavelength band, etc.

[0040] In an exemplary embodiment, the optical filter 5 has a passband corresponding to the
wavelength range of 780nm to 1200nm, and when the incident angle of the light changes from
0° to 30°, the drift amount of the center wavelength of the passband is not greater than 16nm.
Exemplarily, when the incident angle of the light changes from 0° to 30°, the drift amount of
the center wavelength of the passband is not greater than 13nm, for example, not greater than
11nm. It is possible to increase the bandwidth of the passband by controlling the amount of drift
of the center wavelength and to improve the signal-to-noise ratio.

[0041] In an exemplary embodiment, the passband of the optical filter 5 has a center
wavelength corresponding to the p light and a center wavelength corresponding to the s light,
and when the incident angle of the light is 30°, the drift between the center wavelength
corresponding to the p light and the center wavelength corresponding to the s light is not greater
than 5 nm. Exemplarily, the drift between the center wavelength of the p light and the center
wavelength of the s light is not greater than 4.2nm. By controlling the amount of drift between
the center wavelength of the p light and the center wavelength of the s light, the bandwidth of
the passband can be broadened, so that devices and circuits using the optical filter have a higher
design margin.

[0042] In an exemplary embodiment, an average transmittance of the passband of the optical
filter 5 is not less than 93%. Exemplarily, the average transmittance of the passband of the
optical filter 5 is not less than 94%. The average transmittance of the passband is controlled so
that the intensity of the light in the wavelength band corresponding to the passband among the
light passing through the optical filter 5 is high, and the signal-to-noise ratio may be improved.
[0043] In an exemplary embodiment, in the wavelength range from 780nm to 1200nm, a
refractive index of the high refractive index film layer is greater than 3, a refractive index of
the low refractive index film layer is less than 3, and a refractive index of the matching film
layer is between 1.7 and 4.5. Exemplarily, the refractive index of the high refractive index film
layer is greater than 4, the refractive index of the matching layer is between 3 and 4.5, and the

refractive index of the low refractive index film layer is less than 3. Exemplarily, the refractive
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index of the high refractive index film layer is 4.5, the refractive index of the low refractive
index film layer is 2.8, and the plurality of matching film layers each has a different refractive
index, for example, the refractive indexes are 3, 3.5, and 4, respectively. By controlling the
refractive index of the matching film layer, the refractive index of the high refractive index film
layer, and the refractive index of the low-refractive-index film layer, the state in which light
passes through each film layer is controlled, for example, the difference in optical
characteristics of the state in which p light and s light pass through is small, so that specific
optical characteristics of the first set of films 52 are realized.

[0044] In an exemplary embodiment, the refractive index of the matching film layer is smaller
than the refractive index of the high refractive index film layer, and the refractive index of the
matching film layer is greater than the refractive index of the low refractive index film layer.
[0045] In an exemplary embodiment, the nitrogen-doped silicon germanium mixture is a
hydrogenated nitrogen-doped silicon germanium mixture, and the hydrogenated nitrogen-
doped silicon germanium mixture has the chemical formula SixGe-xNy:H,, where 0 <x< 1, 0
<y<0.1, and z< 1. Exemplarily, in SixGe xNy:H;, 0 <x< 0.5, 0 <y< 0.1, and z< 1. For example,
the chemical formula of the hydrogenated oxygen-doped silicon germanium-based material is
Si0.5Geo.5No.0s:Ho.s.

[0046] In an exemplary embodiment, the chemical formula of the hydrogenated oxygen-
doped silicon germanium-based material is SixGe-xNy:H,, where 0 <x< 0.3, 0 <y< 0.1, and 0.8
<z< 1. Exemplarily, the chemical formula of the hydrogenated oxygen-doped silicon
germanium-based material is Sio.1Geo.9No.02:Ho.7. Exemplarily, the chemical formula of the
hydrogenated oxygen-doped silicon germanium-based material is SiNo.i:H, ie., a
hydrogenated oxygen-doped silicon-based material.

[0047] In an exemplary embodiment, at least a part of the hydrogenated nitrogen-doped
silicon germanium mixture is an amorphous hydrogenated nitrogen-doped silicon germanium
mixture: a-SixGe-xNy:Hz.

[0048] In an exemplary embodiment, the nitrogen-doped silicon germanium mixture further
includes an auxiliary component including one or more of nitrogen, boron, or phosphorus,
wherein the ratio of a number of each atom in the auxiliary component to a number of silicon
atoms is less than 0.1.

[0049] Referring to FIG. 2, the conditional expression a< 0.1b is satisfied. It is possible to use
a relatively small amount of oxygen elements and auxiliary components, and change in a
relatively narrow range to achieve a relatively large range of refractive index adjustment. The

physicochemical properties of the corresponding matching film layers are stable and can have
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a large range of specifically specified optical properties.

[0050] In an exemplary embodiment, the material of the high refractive index film layer
includes SiwGei-w:Hv, where 0 <w< 1, and 0 <v< 1. Exemplarily, w is 0.2 or 0.37.

[0051] In an exemplary embodiment, the material of the low refractive index film layer
includes a mixture of one or more of SiO»2, Si3N4, TaxOs, Nb2Os, TiO2, Al,O3, SiCN, SiC.
[0052] In an exemplary embodiment, the material of the substrate includes glass. Specifically,
D263T, AF32, Eagle XG, H-ZPKS5, H-ZPK?7, and the like may be used.

[0053] In an exemplary embodiment, the substrate further includes a second surface facing
away from the first surface, and the optical filter further includes a second set of films disposed
on the second surface of the substrate. The second set of films is a set of longwave pass films
or a set of wideband pass films, and the first set of films is a set of narrowband pass films. The
passband of the second set of films covers the passband of the first set of films. By providing
the second set of films, it is possible to make the optical filter 5 have a better antireflection and
cutoff effect on light, and to make the light transmitted through the optical filter 5 have a higher
signal-to-noise ratio.

[0054] In an exemplary embodiment, the sum of the thickness of the first set of films and the
thickness of the second set of films is less than 15 um, for example, less than 12pm. Controlling
the thicknesses of the two sets of films can make the offset corresponding to the center
wavelength of the p light and the center wavelength corresponding to the s light small, and can
reduce the manufacturing cost.

[0055] In an exemplary embodiment, the second set of films is a set of longwave pass films.
In a wavelength range of 350nm to 1200nm, the set of narrowband pass films has a passband,
the set of longwave pass films has a passband and a cut-off band, and the passband of the set of
longwave pass films covers the passband of the set of narrowband pass films. The blocking of
the cut-off band of the set of longwave pass films is not lower than the blocking of the
corresponding band of the set of narrowband pass films. By controlling the blocking of the set
of longwave pass films, the blocking of the optical filter 5 can be improved better, and the
transmittance of the light in the corresponding wavelength band is reduced, so that the noise
signal in the image formed by the light passing through the optical filter 5 is weak.

[0056] In an exemplary embodiment, the second set of films is a set of wideband pass films.
In a wavelength range of 780nm to 1200nm, the set of narrowband pass films has a passband,
the set of wideband pass films has a passband, and the passband of the set of wideband pass
films covers the passband of the set of narrowband pass films. In a wavelength range less than

780nm, the average blocking of the set of wideband pass films is not lower than the average
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blocking of the set of narrowband pass films. By controlling the blocking of the set of wideband
pass films, the blocking of the optical filter 5 can be improved better, and the transmittance of
the light in the corresponding band is reduced, so that the noise signal in the image formed by
the light passing through the optical filter 5 is weak.

[0057] In an exemplary embodiment, along a direction away from the substrate, the structure
of the first set of films is one of the following structures: (L3-L;-L3-L2)*-L3-Li; (Li-L3)?-(Lo-
L3-Li-L3)*-Li-Ls;  (Li-L3)*—(L2-(Li-L3)P-Li-L2)%-(Li1-L3)" Li;  (L3-Li1)*—(L2-(Li-L3)P-Li-
L2)9-(L3-L1)" L3-Li-(L2-(Li-L3)-Li-L2)"; and (L3-L1)*—(L3-Li)" L3-(L2-(Li-L3)P-Li-L2)¢ -
(Ls-L1)" L3- (L2-(Li-L3)-Li-L2)"-(L3-L1)". In the structure of the first set of films, L
represents a high refractive index film layer, L3 represents a first low refractive index film layer,
L, represents a matching film layer, and p, q, 1, and s represent the number of repetitions of the
structure in parentheses, wherein p, q, 1, and s are integers greater than or equal to 0.

[0058] Three examples provided herein are described in detail below in connection with FIGS.

3toS5.

Example 1
[0059] The optical filter 5 of the present example includes a substrate 51. A first set of films

52 formed by sputtering coating is disposed on a first surface of the substrate 51. The first set
of films 52 may include a set of narrowband pass films provided in Table 1, wherein the 1%
layer is a layer closest to the substrate 51. A second set of films 53 formed by sputtering coating
is disposed on a second surface of the substrate 51. The second set of films 53 may include a
set of longwave pass films provided in Table 2, wherein the 1% layer is a layer closest to the
substrate 51. Referring to FIG. 3, when the incident angle of the light changes from 0° to 30°,
the drift amount of the center wavelength of the passband of the optical filter 5 is not greater
than 12nm.

[0060] Table 1 of the present disclosure provides a set of narrowband pass films. The materials
of the layers in the same column in Table 1 are the same. In Table 1, reference numerals 1-22
denotes the order in which each layer of the first set of films 52 is stacked in a direction away
from the substrate 51. For example, “1” denotes the 1* layer, which is the layer closest to the
substrate 51 as described above.

Table 1: Layer structure of a set of narrowband pass films (unit of thickness: nm)

Material Si02 a-Si:H Si102 a-SiNy:H;
Layer 1 2 3 4
Thickness 20.65 255.43 294.11 174.64
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Layer 5 6 7 8
Thickness 66.55 411.74 86.75 28.88
Layer 9 10 11 12
Thickness 165.62 671.41 86.3 50.71
Layer 13 14 15 16
Thickness 181.11 647.69 136.86 115.56
Layer 17 18 19 20
Thickness 135.2 390.23 168.42 42.93
Layer 21 22
Thickness 177.22 260.6

[0061] In the set of narrowband pass films, the material of the high refractive index film layer
is a-Si:H, the material of the low refractive index film layer is SiO,, and the material of the
matching film layer is a-SiNy:H,.

[0062] Table 2 provides a set of longwave pass films. The materials of the layers in the same
column in Table 2 are the same. In Table 2, reference numerals 1-27 denotes the order in which
each layer of the second set of films 53 is stacked in a direction away from the substrate 51. For

example, “1” denotes the 1% layer, which is the layer closest to the substrate 51 as described

above.

Table 2: Layer structure of a set of longwave pass films (unit of thickness: nm)
Material SiO2 Si:H SiO2 Si:H Si02 Si:H
Layer 1 2 3 4 5 6
Thickness 170.6 27.72 82.96 32.7 132.4 40.69
Layer 7 8 9 10 11 12
Thickness 101.55 31.19 119.83 37.6 122.7 34.77
Layer 13 14 15 16 17 18
Thickness 116.51 34.77 118.47 30.3 127.7 42.24
Layer 19 20 21 22 23 24
Thickness 123.15 26.47 105.93 42.1 126.9 35.13
Layer 25 26 27
Thickness 74.04 22.29 94.59

[0063] The optical filter 5 is thin in thickness, easy to manufacture, high in transmission rate
of the passband, and high in intensity of light required in light passing through the optical filter

5.
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Example 2
[0064] The optical filter 5 provided in the present example includes a substrate 51. A first set

of films 52 formed by sputtering coating is disposed on a first surface of the substrate 51, and
second set of films 53 formed by evaporation coating is disposed on a second surface of the
substrate 51. The first set of films 52 may include a set of narrowband pass films provided in
Table 3, wherein the 1% layer is a layer closest to the substrate 51. The second set of films 53
may include a set of longwave pass films provided in Table 4, wherein the 1% layer is a layer
closest to the substrate 51. Referring to FIG. 4, when the incident angle of the light changes
from 0° to 30°, the drift amount of the center wavelength of the passband of the optical filter 5
is less than 13nm.

[0065] Table 3 provides a set of narrowband pass films. In Table 3, reference numerals 1-23
denotes the order in which each layer of the first set of films 52 is stacked in a direction away
from the substrate 51. For example, “1” denotes the 1% layer, which is the layer closest to the
substrate 51 as described above.

Table 3: Layer structure of a set of narrowband pass films (unit of thickness: nm)

Layer 1 2 3 4 5 6
Material Si102 a-Si:H Si0O» a-Si:H Si0O2 a-Si:H
Thickness | 1040.47 249.56 55.64 40.55 172.3 231.59
Layer 7 8 9 10 11 12
Material | a-GeNy:H, Si0O2 a-Si:H SiO2 a-GeNy:H, Si0O2
Thickness | 260.76 198.58 38.27 105.65 565.76 140.38
Layer 13 14 15 16 17 18
Material a-Si:H Si02 a-GeNy:H, a-Si:H Si0; a-Si:H
Thickness 35.96 210.57 245.64 239.15 158.07 62.86
Layer 19 20 21 22 23
Material Si02 a-Si:H Si0; a-Si:H Si0;
Thickness 31.02 252.57 330.37 116.58 509.66

[0066] In the set of narrowband pass films, the material of the high refractive index film layer
is a-Si:H, the material of the low refractive index film layer is SiO», and the material of the
matching film layer is a-GeNy:H,. Layer 11 is a matching film layer, and the rest layers are
disposed approximately symmetrically with layer 11.

[0067] Table 4 provides a set of longwave pass films. The materials of the layers in the same
column in Table 4 are the same. In Table 4, reference numerals 1-47 denotes the order in which

each layer of the second set of films 53 is stacked in a direction away from the substrate 51. For
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example, “1” denotes the 1% layer, which is the layer closest to the substrate 51 as described

above.

Table 4: Layer structure of a set of longwave pass films (unit of thickness: nm)
Material Si02 Si:H Si02 Si:H SiO2 Si:H
Layer 1 2 3 4 5 6
Thickness 134.4 72.6 90.3 67.45 120.98 77.91
Layer 7 8 9 10 11 12
Thickness 136 83.4 97.5 70.9 270.45 75.64
Layer 13 14 15 16 17 18
Thickness 111.7 67.6 101.7 197.77 116.51 74.86
Layer 19 20 21 22 23 24
Thickness 118.7 75.8 120.1 76.06 103.28 42.14
Layer 25 26 27 28 29 30
Thickness 133.6 83.1 131.4 83.54 133.68 85.88
Layer 31 32 33 34 35 36
Thickness 133.1 84.1 135.3 84.91 135.75 84.61
Layer 37 38 39 40 41 42
Thickness 87.1 75.6 124.5 80.29 129.71 82.58
Layer 43 44 45 46 47 -

Thickness 136.4 87.5 130.1 77.82 103.24 -

[0068] The passband width of the optical filter 5 is relatively narrow, an offset between the
center wavelength of the p light and the center wavelength of the s light is relatively small, and

blocking of the cut-off region is relatively high.

Example 3
[0069] The optical filter 5 provided in the present example includes a substrate 51. A first set

of films 52 formed by sputtering coating is disposed on a first surface of the substrate 51, and
second set of films 53 formed by sputtering coating is disposed on a second surface of the
substrate 51. The first set of films 52 may include a set of narrowband pass films provided in
Table 5, wherein the 1% layer is a layer closest to the substrate 51. The second set of films 53
may include a set of wideband pass films provided in Table 6, wherein the 1* layer is a layer
closest to the substrate 51. Referring to FIG. 5, when the incident angle of the light changes
from 0° to 30°, the drift amount of the center wavelength of the passband of the optical filter 5
is less than 11nm.

[0070] Table 5 provides a set of narrowband pass films. In Table 5, reference numerals 1-30
denotes the order in which each layer of the first set of films 52 is stacked in a direction away

from the substrate 51. For example, “1” denotes the 1% layer, which is the layer closest to the
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substrate 51 as described above.

Table 5: Layer structure of a set of narrowband pass films (unit of thickness: nm)

Material SiwGei.w:Hz Si0O2 SiwGei.w:Hy Si0O»
Layer 1 2 3 4
Thickness 251.17 546.59 259.12 78.57
Material a-SiNy:H, Si0> SiwGer-w:Hy Si0>
Layer 5 6 7 8
Thickness 45.8 260.65 129.01 79.08
Layer 9 10 11 12
Thickness 405.59 176.63 512.64 199.39
Layer 13 14 15 16
Thickness 51.95 129.4 529.57 134.55
Layer 17 18 19 20
Thickness 83.33 92.16 516.39 231.92
Layer 21 22 23 24
Thickness 380.86 130.42 137.36 136.26
Layer 25 26 27 28
Thickness 52.8 63.74 259.88 559.97
Material SiwGer-w:Hy Si02 - -

Layer 29 30 - -
Thickness 240.7 126.8 - -

[0071] In the set of narrowband pass films, the material of the high refractive index film layer
is SiwGe1-w:Hz, the material of the low refractive index film layer is SiO, and the material of

the matching film layer is a-SiNy:Hz. Layers 5 to 28 are structured in the form of (L»-L3-L;-

Ls3)°.

[0072] Table 6 provides a set of wideband pass films. Reference numerals 1-35 denotes the
order in which each layer of the second set of films 53 is stacked in a direction away from the

substrate 51. For example, “1” denotes the 1% layer, which is the layer closest to the substrate

51 as described above.

Table 6: Layer structure of a set of wideband pass films (unit of thickness: nm)

Material Si02 Si:H Si02 Si:H Si0> Si:H
Layer 1 2 3 4 5 6
Thickness 32.42 27.09 92.93 37.22 83.78 75.25
Layer 7 8 9 10 11 12
Thickness 85.01 45.84 60 55.06 125.72 76.15
Layer 13 14 15 16 17 18
Thickness 60.96 45.69 63.42 65.25 117.06 72.66
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Layer 19 20 21 22 23 24
Thickness 61.09 45.85 61.81 71.56 107.26 71.4
Layer 25 26 27 28 29 30
Thickness 61.87 47.55 52.23 73.93 131.17 69.77
Layer 31 32 33 34 35
Thickness 50.78 37.72 89.25 89.18 93.91

[0073] The passband width of the optical filter 5 is relatively narrow, the drift amount of the
center wavelength of the passband is small, and the transmittance of the passband is relatively
high.
[0074] However, it will be appreciated by those skilled in the art that the above examples are
merely exemplary. The first set of films 52 and the second set of films 53 of the optical filter 5
may also have other layer structures, and the first set of films 52 or the second set of films 53
of the various examples may also be applied to other exemplary examples. Further, other
transparent layers, such as an air cavity, may be provided outside the first surface and outside
the second surface of the optical filter 5.
[0075] An example of the present disclosure further provides a method for manufacturing an
optical filter which includes the following steps:

placing a to-be-coated piece and a target material at corresponding positions in a deposition
chamber, wherein when the to-be-coated layer is a matching film layer, the target material
includes silicon component and germanium component, and vacuumizing the deposition
chamber, wherein a vacuum degree in the deposition chamber is a preset value;

introducing argon into the deposition chamber, wherein a flow rate of the argon is a preset
value;

introducing hydrogen and oxygen into the deposition chamber, wherein a flow rate of the
hydrogen is a preset value and a flow rate of the oxygen is less than 60sccm; and

forming layer on the to-be-coated piece, wherein a material of the layer includes the
aforementioned nitrogen-doped silicon germanium mixture.
[0076] In an exemplary example, the vacuum degree in the deposition chamber is less than
5x107torr. The flow rate of argon is between 10sccm and 300sccm. The flow rate of hydrogen
is less than 80sccm.
[0077] An example of the present disclosure further provides an optical system including an
infrared image sensor and the aforementioned optical filter 5. The optical filter 5 is arranged on
a photosensitive side of the infrared image sensor.

[0078] Referring to FIG. 6, the optical system includes an Infrared Radiation (IR) light source
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2, a first lens assembly 3, a second lens assembly 4, an optical filter 5, and a three-dimensional
sensor 6. The light emitted from the infrared light source 2 is irradiated to a surface of an object
1 through the first lens assembly 3. The light reflected from the surface of the object 1 is
irradiated to the optical filter 5 through the second lens assembly 4. The ambient light is cut-off
by the optical filter 5, while the infrared light or part of the red light transmitted through the
optical filter 5 is irradiated to the photosensitive side of the three-dimensional sensor 6 to form
image data for processing. The optical filter 5 has a low drift in center wavelength for inclined
light in different directions, and the transmitted infrared signal-to-noise ratio is high, so that the
resulting image quality is good.

[0079] The foregoing is only a description of the preferred embodiments of the present
disclosure and the applied technical principles. It should be appreciated by those skilled
in the art that the protective scope of the present disclosure is not limited to the technical
solutions formed by the particular combinations of the above technical features. The
protective scope should also cover other technical solutions formed by any combinations
of the above technical features or equivalent features thereof without departing from the
concept of the technology, such as, technical solutions formed by replacing the features
as disclosed in the present disclosure with (but not limited to), technical features with

similar functions.
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WHAT IS CLAIMED IS:

1. A optical filter, characterized in that, the optical filter comprises a substrate and a first
set of films disposed on a first surface of the substrate, wherein the first set of films comprises
a high refractive index film layer, a low refractive index film layer, and a matching film layer;

a material of the matching film layer comprises a nitrogen-doped silicon germanium
mixture having a chemical formula SixGe;-xNy, where 0 <x< 1, and 0 <y< 0.1, in a wavelength
range from 780nm to 3000nm, a refractive index of the high refractive index film layer is greater
than a refractive index of the low refractive index film layer, and a refractive index of the

matching film layer is not equal to a refractive index of its adjacent film layer.

2. The optical filter according to claim 1, characterized in that, the optical filter has a
passband within a wavelength range of 780nm to 1200nm, and a drift amount of a center
wavelength of the passband is not greater than 16nm when an incident angle of light changes

from 0° to 30°.

3. The optical filter according to claim 2, characterized in that, the passband of the optical
filter has a center wavelength corresponding to a p light and a center wavelength corresponding
to a s light, and when the incident angle of light is 30°, a drift between the center wavelength
corresponding to the p light and the center wavelength corresponding to the s light is not greater

than 5 nm.

4. The optical filter according to claim 2, characterized in that, an average transmittance

of the passband of the optical filter is not less than 93%.

5. The optical filter according to claim 1, characterized in that, the refractive index of the
high refractive index film layer is greater than 3, the refractive index of the low refractive index
film layer is less than 3, and the refractive index of the matching film layer is between 1.7 and

4.5 in a wavelength range from 780nm to 1200nm.

6. The optical filter according to claim 1, characterized in that, the nitrogen-doped silicon
germanium mixture is further doped with hydrogen and have a chemical formula SixGe-xNy:Hz,
where 0 <x< 1, 0 <y< 1, and z< 1, at least a part of which is an amorphous hydrogenated

nitrogen-doped silicon germanium mixture a-SixGe1-xOy:H;.
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7. The optical filter according to claim 1, characterized in that, the nitrogen-doped silicon
germanium mixture further comprises an auxiliary component, wherein the auxiliary
component comprises one or more of oxygen, boron, or phosphorus, and a ratio of a number of

each atom in the auxiliary component to a number of silicon atoms is less than 10%.

8. The optical filter according to claim 1, characterized in that, a material of the high

refractive index film layer comprises SiwGei-w:Hy, where 0 <w< 1, and 0 <v< 1.

9. The optical filter according to claim 1, characterized in that, a material of the low
refractive index film layer comprises a mixture of one or more of Si0O2, Si3N4, Ta;0s, Nb2Os,

TiO», Al2O3, SiCN, or SiC.

10. The optical filter according to claim 4, characterized in that, the substrate further
comprises a second surface facing away from the first surface, wherein the optical filter further
comprises a second set of films disposed on the second surface of the substrate;

the second set of films is a set of longwave pass films or a set of wideband pass films, and
the first set of films is a set of narrowband pass films, wherein a passband of the second set of

films covers a passband of the first set of films.

11. The optical filter according to claim 10, characterized in that, a sum of a thickness of

the first set of films and a thickness of the second set of films is less than 12um.

12. The optical filter according to claim 10, characterized in that, the second set of films
is the set of longwave pass films, wherein in a wavelength range of 350nm to 1200nm, the set
of narrowband pass films has a passband, the set of longwave pass films has a passband and a
cut-off band, and the passband of the set of longwave pass films covers the passband of the set
of narrowband pass films; and

a blocking of the cut-off band of the set of longwave pass films is not lower than a blocking

of a corresponding band of the set of narrowband pass films.

13. The optical filter according to claim 10, characterized in that, the second set of films
is the set of wideband pass films, wherein in a wavelength range of 780nm to 1200nm, the set

of narrowband pass films has a passband, the set of wideband pass films has a passband, and
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the passband of the set of wideband pass films covers the passband of the set of narrowband
pass films; and
in a wavelength range less than 780nm, an average blocking of the set of wideband pass

films is not lower than an average blocking of the set of narrowband pass films.

14. The optical filter according to claim 11, characterized in that, along a direction away
from the substrate, the first set of films has a structure in one of the following forms:

(L3-Li-Ls-L2)"-L3-Li;

(L1-L3)2-(L2-L3-Li-L3)*-Li-La;

(Li-L3)*—(L2-(Li-L3)P-L;-L2)9-(L1-L3)" Li;

(La-L1)*~(L2-(Li1-L3)P-Li-L2)%-(L3-L1)" Ls-Li-(L2-(Li-L3)"-Li-L2)"; or

(L3-L1)*—(L3-Li)" L3-(L2-(L;-L3)P-Li-L2)? -(L3-L1)" Ls- (L2-(L;-L3)"-Li-L2)"-(L3-L1)",

in the structural of the first set of films, L; represents the high refractive index film layer,
Ls represents a first low refractive index film layer, L represents the matching film layer, p, q,
1, and s represent a number of repetitions of a structure in parentheses, wherein p, g, 1, and s are

integers greater than or equal to 0.
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