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NEAR-INFRARED BANDPASS FILTER AND OPTICAL SENSING SYSTEM 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims priority to Chinese Patent Application, with the 

Application No. 201910486854.8 and the title “Near-Infrared Bandpass Filter and Optical 

Sensing System”, 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 filters, and more particularly, to a 

near-infrared bandpass filter and an optical sensing system.  

BACKGROUND 

[0003] An infrared sensing system receives an infrared ray reflected by a target to form an 

image, and then processes the image to obtain information of the target. The infrared sensing 

system is generally applied in the fields of face recognition, gesture recognition, intelligent 

home, and the like. The infrared sensing system includes components such as a lens, an optical 

filter, and an image sensor. 

[0004] The effect of temperature on the performance of an infrared sensing system is referred 

to as temperature stability. Devices, such as on-vehicle lidars, space probes, or optical 

communication devices, often operate at extreme temperatures. The temperature at which these 

devices are actually used differs greatly from the temperature at which they are manufactured 

and debugged, and thus the temperature stability of the infrared sensing system on these devices 

is required to be high. In order to ensure the temperature stability of the devices, the prior art 

generally improves the structure, material and the like of the lens to ensure the imaging quality 

of the infrared sensor system, or focuses on the thermal drift of the electrical properties of the 

image sensor to ensure the quality of the image data of the infrared sensing system.  

[0005] However, there is still a need for optical filters in which optical properties are less 

affected by temperature variations, such as, optical filters in which the central wavelength offset 

of the passband is less affected by temperature variations. The passband variation of the optical 

filters also affects the imaging quality of the infrared sensing system, and the prior art generally 

focuses only on the influence of the incident angle of the light on the central wavelength offset 

of the passband. Therefore, it is desirable to provide an optical filter in which the central 

wavelength offset of the passband is less affected by the temperature variation.  

SUMMARY 
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[0006] To address or partially address the above drawbacks of the prior art, the present 

disclosure provides a near-infrared bandpass filter and an optical sensing system.  

[0007] In a first aspect, an example of the present disclosure provide a near-infrared bandpass 

filter including a substrate, a set of main films located on a first side of the substrate and a set 

of secondary films located on a second side of the substrate, wherein the second side is opposite 

to the first side. The set of main films includes a high refractive index film layer and a first low 

refractive index film layer arranged in a first preset stacked structure. The set of secondary films 

includes a second low refractive index film layer and a third low refractive index film layer 

arranged in a second preset stacked structure, and a refractive index of the third low refractive 

index film layer is different from a refractive index of the second low refractive index film layer. 

Alternatively, the set of secondary films includes the high refractive index film layer and the 

second low refractive index film layer arranged in a second preset stacked structure. In a 

wavelength range of 780nm to 3000nm, the near-infrared bandpass filter has at least one 

passband, and when a temperature is changed from -150 °C to 300 °C, a drift amount of a center 

wavelength of the at least one passband is less than 0.15 nm/°C. 

[0008] In one embodiment, when the temperature is changed from -30 °C to 85 °C, the drift 

amount of the center wavelength of the passband of the near-infrared bandpass filter is less than 

0.09 nm/°C. 

[0009] In one embodiment, the high refractive index film layer has a refractive index of more 

than 3 for any wavelength in the wavelength range of 780 nm to 3000 nm. 

[0010] In one embodiment, an extinction coefficient of the high refractive index film layer is 

less than 0.01.  

[0011] In one embodiment, the high refractive index film layer has the refractive index of 

more than 3.6 and the extinction coefficient of less than 0.005 at a wavelength of 850 nm.  

[0012] In one embodiment, a thickness df1 of the set of main films satisfies 1 7fd m , and 

a thickness df2 of the set of secondary films satisfies 2 8fd m . 

[0013] In one embodiment, a portion of the high refractive index film layer has a crystalline 

crystal structure and another portion has an amorphous crystal structure. A ratio between a 

volume of the portion in the crystalline crystal structure and a volume of the high refractive 

index film layer is within 10% to 20%.  

[0014] In one embodiment, a material of the high refractive index film layer comprises a 

mixture of one or more of silicon hydride, germanium hydride, boron-doped silicon hydride, 

boron-doped germanium hydride, nitrogen-doped silicon hydride, nitrogen-doped germanium  

 



 3 

hydride, phosphorous-doped silicon hydride, phosphorous-doped germanium hydride, or 

SixGe1-x, where 0<x<1. 

[0015] In one embodiment, a material of the first low refractive index film layer, a material 

of the second low refractive index film layer and a material of the third low refractive index 

film layer each comprises a mixture of one or more of SiO2, Si3N4, SiOpNq, Ta2O5, Nb2O5, 

TiO2, Al2O3, SiCN, or SiC, where q=(4-2p)/3, and 0<p<1. 

[0016] In one embodiment, a material of the substrate includes glass.  

[0017] In one embodiment, in a direction away from the substrate, the first preset stacked 

structure is in a form of (L1-H)s-L1, or (H-L1)s, where H represents the high refractive index 

film layer, L1 represents the first low refractive index film layer, s represents a number of 

repetitions of a structure in parentheses, and s is an integer equal to or greater than 1. 

[0018] In one embodiment, the set of main films further includes a fourth low refractive index 

film layer, and a refractive index of the first low refractive index film layer is not equal to a 

refractive index of the fourth low refractive index film layer. 

[0019] In one embodiment, in a direction away from the substrate, the first preset stacked 

structure is in a form of: (L1-L4-L1-H)s-L1; (L1-L4-L1-H)s-L4; H-(L1-L4-L1-H)s-L1; or H-(L1-

L4-L1-H)s-L4, where H represents the high refractive index film layer, L1 represents the first 

low refractive index film layer, L4 represents the fourth low refractive index film layer, s 

represents a number of repetitions of a structure in parentheses, and s is an integer greater than 

or equal to 1. 

[0020] In one embodiment, the set of main films is a set of narrow bandpass films, and the set 

of secondary films is a set of wide bandpass films or a set of longwave pass films.  

[0021] In one embodiment, the set of narrow bandpass films has at least one passband in the 

wavelength range of 780nm to 3000nm.  

[0022] In one embodiment, the set of secondary films is the set of longwave pass films; and 

the set of longwave pass films has at least one passband and one cut-off band in a wavelength 

range of 350 nm to 3000nm, and the passband of the set of longwave pass films covers the 

passband of the set of narrow bandpass films.  

[0023] In one embodiment, the set of secondary films is the set of wide bandpass films, and a 

passband of the set of wide bandpass films covers the passband of the set of narrow bandpass 

films; and an average blocking of the set of wide bandpass films is greater than a blocking of 

the set of narrow bandpass films in a wavelength region less than a minimum wavelength of 

the passband of the set of narrow bandpass films. 

[0024] In one embodiment, a material of the substrate has a linear expansion coefficient 
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between 3*10-6/°C and 17*10-6/°C.  

[0025] In one embodiment, the set of main films and the set of secondary films are formed by 

a sputtering reaction apparatus or an evaporation apparatus.  

[0026] In a second aspect, an example of the present disclosure further provides an optical 

sensing system including an image sensor and the near-infrared bandpass filter as described 

above. The near-infrared bandpass filter is disposed on a photosensitive side of the image sensor.  

[0027] In the near-infrared bandpass filter provided in the present disclosure, a set of main 

films and a set of secondary films are provided on both sides of a substrate, respectively. The 

refractive index of the film layer of the set of secondary films is smaller than or equal to the 

refractive index of the high refractive index film layer of the set of main films, so that the 

equivalent refractive index of the set of secondary films is not greater than the equivalent 

refractive index of the set of main films. Meanwhile, the structure of the near-infrared bandpass 

filter is provided such that the set of main films includes film layers arranged in a first stacked 

structure to fit the substrate, and the set of secondary films includes film layers arranged in a 

second stacked structure, so that the drift amount of the center wavelength of the passband of 

the set of secondary films is not greater than the drift amount of the center wavelength of the 

passband of the set of main films. Then, when the temperature is changed from -150 °C to 

300 °C, the temperature drift of the center wavelength of the passband of the near-infrared band 

pass filter is less than 0.15 nm/°C in the wavelength range of 780nm to 3000nm. In this way, it 

is ensured that some light rays in the near-infrared wavelength range can penetrate the near-

infrared bandpass filter provided in the present disclosure, and the difference between the 

transmitted light at different temperatures is small. The optical sensing system provided with 

the near-infrared bandpass filter provided in the present disclosure has little influence on the 

imaging quality when operating in an environment in which the temperature changes.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] 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: 

[0029] FIG. 1 shows a schematic structural diagram of a near-infrared bandpass filter 

according to an example of the present disclosure; 

[0030] FIG. 2 shows a schematic diagram of an operating state of an optical sensing system 

according to an example of the present disclosure; 

[0031] FIG. 3 shows a transmittance curve of a set of bandpass films of Table 1 according to 

an example of the present disclosure; 
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[0032] FIG. 4 shows a transmittance curve of a set of bandpass films of Table 2 according to 

an example of the present disclosure; 

[0033] FIG. 5 shows a transmittance curve of a set of long wave-pass films of Table 3 

according to an example of the present disclosure; 

[0034] FIG. 6 shows a transmittance curve of a set of long wave-pass films of Table 4 

according to an example of the present disclosure; 

[0035] FIG. 7 shows transmittance curves of a near-infrared bandpass filter according to an 

example of the present disclosure corresponding to incident light at different angles; 

[0036] FIG. 8 shows transmittance curves of the near-infrared bandpass filter according to 

FIG. 7 at different temperatures; 

[0037] FIG. 9 shows transmittance curves of a near-infrared bandpass filter according to 

another example of the present disclosure corresponding to incident light at different angles; 

[0038] FIG. 10 shows transmittance curves of the near-infrared bandpass filter according to 

FIG. 9 at different temperatures; 

[0039] FIG. 11 shows transmittance curves of a near-infrared bandpass filter according to 

another example of the present disclosure at different temperatures; 

[0040] FIG. 12 shows transmittance curves of a near-infrared bandpass filter according to still 

another example of the present disclosure corresponding to incident light at different angles; 

[0041] FIG. 13 shows transmittance curves of the near-infrared bandpass filter according to 

FIG. 12 at different temperatures; 

[0042] FIG. 14 shows transmittance curves of a near-infrared bandpass filter according to still 

another example of the present disclosure corresponding to incident light at different angles; 

and 

[0043] FIG. 15 shows transmittance curves of the near-infrared bandpass filter according to 

Fig. 14 at different temperatures.  

DETAILED DESCRIPTION OF EMBODIMENTS 

[0044] 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.  

[0045] It should be noted that in the present specification, the expressions such as first, 
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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.  

[0046] In the accompanying drawings, the thickness, size and shape of the component 

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 

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.  

[0047] As used herein, the thickness of the film layer refers to the thickness in a direction 

away from the substrate.  

[0048] It should be further understood that the terms “comprising,” “including,” 

“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.  

[0049] 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.  

[0050] 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 
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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.  

[0051] FIG. 1 shows a schematic structural diagram of a near-infrared bandpass filter 

according to an example of the present disclosure. Referring to FIG. 1, an example of the 

present disclosure provides a near-infrared bandpass filter 5 including a substrate 51, a set of 

main films 52 located on a first side of the substrate 51, and a set of secondary films 53 located 

on a second side of the substrate, wherein the first side is opposite to the second side. The 

substrate 51 is a transparent substrate, and the material of the transparent substrate may 

optionally be crystal, high borosilicate glass, or the like, and may specifically be D263T, AF32, 

Eagle XG, H-ZPK5, H-ZPK7, or the like. Exemplarily, the substrate 51 may be a transparent 

sheet. The upper and lower directions in FIG. 1 are the thickness directions of the transparent 

sheet, and the upper side and the lower side of the transparent sheet are opposite. The set of 

main films 52 is disposed on the outer side above the substrate 51, and the set of secondary 

films 53 is disposed on the outer side below the substrate 51.  

[0052] The set of main films 52 includes a high refractive index film layer and a first low 

refractive index film layer arranged in a first preset stacked structure, and the refractive index 

n1 of the high refractive index film layer is larger than the refractive index n21 of the first low 

refractive index film layer when corresponding to the same wavelength. Alternatively, in a 

direction away from the substrate 51, the first preset stacked structure is in the form of (L1-H)s-

L1 or (H-L1)s, where H represents the high refractive index film layer, L1 represents the first 

low refractive index film layer, s represents a number of repetitions of the structure in 

parentheses, and s is an integer equal to or greater than 1. Exemplarily, when s is 5, the first 

preset stacking structure is in the form of L1HL1HL1HL1HL1HL1.  

[0053] In an embodiment, after the set of main films 52 is provided with the film layer in the 

first preset stacked structure, an aggregation density P0 of the film layer is satisfied 0.9<P0<1.6.  

[0054] The set of secondary films 53 includes a second low refractive index film layer and a 

third low refractive index film layer, or a high refractive index film layer and a second low 

refractive index film layer, arranged in a second preset stacked structure. When the set of 

secondary films 53 includes the second low refractive index film layer and the third low 

refractive index film layer arranged in the second preset stacked structure, the refractive index 

of the second low refractive index film layer is not equal to the refractive index of the third low 

refractive index film layer, and the refractive index of the third low refractive index film layer 

is smaller than the refractive index of the high refractive index film layer of the set of main 



 8 

films 52. The second preset stacked structure may refer to the first preset stacked structure. The 

second preset stacked structure may be (L2-L3)z-L2 or (L2-L3)z, where L2 refers to the second 

low refractive index film layer, L3 refers to the third low refractive index film layer, and z is an 

integer greater than or equal to 1.  

[0055] Since the set of main films 52 includes a high refractive index film layer and a first 

low refractive index film layer arranged in a first preset stacked structure, and the set of 

secondary films 53 includes a second low refractive index film layer and a third low refractive 

index film layer arranged in a second preset stacked structure, the near-infrared bandpass filter 

5 disclosed in the present disclosure may be an interference filter. The refractive index of the 

third low refractive index film layer is not greater than the refractive index of the high refractive 

index film layer, so that the characteristics of the set of main films 52 have a greater effect on 

the characteristics of the near-infrared bandpass filter 5. Each of the film layers of the set of 

main films 52 may be a film layer formed by a sputtering reaction method, and each of the film 

layers of the set of secondary films 53 may be a film layer generated by a sputtering reaction 

method or an evaporation method. Such a manufacturing method integrates the substrate 51, 

the set of main films 52, and the set of secondary films 53.  

[0056] In the wavelength range from 780nm to 3000nm, the near-infrared bandpass filter 5 

disclosed in the present example has at least one passband, and when the temperature is changed 

from -150 °C to 300 °C, the drift amount of the center wavelength of the passband of the near-

infrared bandpass filter 5 is less than 0.15 nm/°C. In an embodiment, when the temperature is 

changed from -150 °C to 300 °C, the drift amount of the center wavelength of the passband is 

less than 0.12 nm/°C. In an embodiment, the drift amount of the center wavelength of the 

passband is less than 0.09 nm/°C. In the embodiment, when the temperature is changed from -

30 °C to 85 °C, the drift amount of the center wavelength of the passband of the near-infrared 

bandpass filter is less than 0.09 nm/°C. In an embodiment, the drift amount of the center 

wavelength of the passband of the near-infrared bandpass filter is less than 0.05 nm/°C.  

[0057] The wavelength range 780nm to 3000 nm is located in the near infrared, and a 

passband is formed in this wavelength range, such that the light passing through the near-

infrared bandpass filter 5 includes at least a portion of the near infrared light. By matching the 

structure of the set of main films 52 with the substrate 51, it is satisfied that the drift amount of 

the center wavelength of the passband of the near-infrared bandpass filter 5 is less than 0.15 

nm/°C when the temperature is changed from -150 °C to 300 °C.  

[0058] The near-infrared bandpass filter 5 disclosed herein can be used at least in a 

temperature environment of about -150 °C and a temperature environment of about 300 °C. The 
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center wavelength of the passband has a drift amount of less than 0.15 nm/°C in the wavelength 

range of 780 nm to 3000 nm. In an operating environment in which the temperature changes 

greatly, the light passing through the near-infrared bandpass filter 5 disclosed in the present 

disclosure contains near infrared light in a stable region. Signals carried by near infrared lights 

in the stable region are stable.  

[0059] In an exemplary embodiment, the refractive index of the high refractive index film 

layer is greater than 3 for any wavelength in the wavelength range of 780 nm to 3000 nm. In an 

embodiment, the refractive index of the high refractive index film layer is greater than 3.2 for 

any wavelength in the range of 800 nm to 1100 nm. In an embodiment, the refractive index of 

the high refractive index film layer is greater than 3.5 for any wavelength in the range of 800 

nm to 900 nm. In a wavelength region close to the visible light, the high refractive index film 

layer has a higher refractive index, so that the temperature stability of the signal carried by the 

infrared light in the said wavelength region can be improved. Moreover, when the refractive 

index of the high refractive index film layer is greater than 3.5, the influence of the structure of 

the set of main films 52 on the optical characteristics of the near-infrared bandpass filter 5 

disclosed in the present disclosure can be further improved. Thus, a desired effect can be 

achieved by using a simpler form of the first preset stacked structure to stack the set of main 

films 52 to cooperate with the substrate 51.  

[0060] In an exemplary embodiment, an extinction coefficient of the high refractive index 

film layer is less than 0.01.  

[0061] In an exemplary embodiment, the high refractive index film layer has a refractive index 

greater than 3.6 and an extinction coefficient less than 0.005 corresponding to the wavelength 

of 850 nm. By setting the extinction coefficient, the light transmittance of the high refractive 

index film layer can be increased, the loss of light in the passband range of the high refractive 

index film layer can be reduced, the intensity of light passing through the near-infrared bandpass 

filter 5 can be increased, and the clarity of the signal can be improved.  

[0062] In an exemplary embodiment, a portion of the material of the high refractive index 

film layer is in a crystalline state and another portion is in an amorphous state. The ratio between 

the volume of the portion where the crystal structure is crystalline and the volume of the high 

refractive index film layer is within 10% to 20%. When the near-infrared bandpass filter 5 

disclosed in the present disclosure contains a high refractive index film layer having such a 

crystal structure, the temperature drift of the passband of the near-infrared bandpass filter 5 is 

much small. In an embodiment, the volume of the portion where the crystal structure is 

crystalline accounts for 15%.  
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[0063] In an exemplary embodiment, the material of the high refractive index film layer 

includes a mixture of one or more of silicon hydride, germanium hydride, boron-doped silicon 

hydride, boron-doped germanium hydride, nitrogen-doped silicon hydride, nitrogen-doped 

germanium hydride, phosphorous-doped silicon hydride, phosphorous-doped germanium 

hydride, or SixGe1-x, where 0<x<1. Exemplarily, SixGe1-x is Si0.4Ge0.6. Exemplarily, the 

mixture may be silicon germanium hydride, and the ratio of silicon to germanium may be any 

ratio. The mixture may be nitrogen-doped silicon germanium hydride or boron-doped 

phosphorous-doped germanium hydride.  

[0064] In an exemplary embodiment, the material of the first low refractive index film layer, 

the material of the second low refractive index film layer, and the material of the third low 

refractive index film layer each includes a mixture of one or more of SiO2, Si3N4, SiOpNq, 

Ta2O5, Nb2O5, TiO2, Al2O3, SiCN, or SiC, where q=(4-2p)/3, and 0<p<1. Exemplarily, 

SiOpNq may be SiON2/3. Exemplarily, the mixture is TiO2 and Al2O3, or Ta2O5 and Nb2O5, or 

SiO2, SiCN and SiC. Exemplarily, the material of the second low refractive index film layer 

includes a mixture of SiO2 and TiO2 formed in a 2:1 ratio, and the material of the third low 

refractive index film layer includes a mixture of SiO2 and TiO2 formed in a 1:3 ratio.  

[0065] In an exemplary embodiment, the set of main films further includes a fourth low 

refractive index film layer, and the refractive index of the first low refractive index film layer 

is not equal to the refractive index of the fourth low refractive index film layer. The first low 

refractive index film layer and the fourth low refractive index film layer are respectively 

provided in the set of main films 52, so that the set of main films 52 can be provided in a more 

flexible manner and can be properly matched with the substrate 51 having different 

characteristics. Alternatively, the first preset stacked structure is in the form of (L-H)s-L or (H-

L)s, and the low refractive index film layer L may alternately be a first low refractive index film 

layer and a fourth low refractive index film layer.  

[0066] In an exemplary embodiment, in a direction away from the substrate, the first preset 

stacked structure is in the form of: (L1-L4-L1-H)s-L1; (L1-L4-L1-H)s-L4; H-(L1-L4-L1-H)s-L1; 

or H-(L1-L4-L1-H)s-L4, where H represents a high refractive index film layer, L1 represents a 

first low refractive index film layer, L4 represents a fourth low refractive index film layer, S 

represents a number of repetitions of the structure in parentheses, and s is an integer equal to or 

greater than 1.  

[0067] In an exemplary embodiment, the set of main films 52 is a set of bandpass films. In an 

exemplary embodiment, the set of main films 52 is a set of narrow bandpass films and the set 

of secondary films 53 is a set of wide bandpass films or a set of longwave pass films.  
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[0068] In an exemplary embodiment, the set of main films 52 and the set of secondary films 

53 are formed by a sputtering reaction apparatus or an evaporation apparatus.  

[0069] In an exemplary embodiment, the set of narrow bandpass films has at least one 

passband in a wavelength range of 700 nm to 1200 nm. The film layer of the set of narrow 

bandpass films may be a sputtered reactive coating layer.  

[0070] In a specific embodiment, a set of main films 52 is disclosed, as shown in Table 1: 

Table 1: Preset stacked structure of a set of main films (unit of thickness: nm) 

Material SiO2 a-Si:H SiO2 a-Si:H SiO2 a-Si:H 

Layer 1 2 3 4 5 6 

Thickness 361.25 88.32 298.72 189.22 184.49 191.56 

Layer 7 8 9 10 11 12 

Thickness 317.45 61.19 181.65 190.48 245.69 110.32 

Layer 13 14 15 16 17 18 

Thickness 217.41 163.25 69.09 250.43 44.4 185.23 

Layer 19 20 21 22 23 24 

Thickness 352.08 65.27 121.32 291.6 99.99 148.96 

Layer 25 26 27 28 29  

Thickness 134.26 125.89 81.07 127.42 79.06  

 

[0071] The set of main films 52 is a set of narrow bandpass films with a single passband. The 

layers in Table 1 refer to the layers along the stacking direction. The first layer is the film layer 

closest to the substrate 51, and the 29th layer is the film layer furthest away from the substrate 

51. The materials of the film layers in the same column in the table are the same. Among the 

film layers of the set of main films 52, the odd-numbered layers are first low refractive index 

film layers, the even-numbered layers are high refractive index film layers, and the material of 

the even-numbered layer is amorphous silicon hydride, that is, a-Si:H. The transmittance curve 

of the set of main films 52 is shown in FIG. 3. The set of main films 52 includes a passband in 

a wavelength range from 700 nm to 1200 nm, and the center wavelength of the passband is 

about 950 nm.  

[0072] A method of coating the set of main films 52 is as follows: evacuating the sputtering 

reaction apparatus to a vacuum level of less than 5×10-5Torr, and placing the substrate 51 and 

the silicon target in corresponding positions; setting a flow rate of an argon gas to 10 sccm to 

80 sccm, a sputtering power greater than 3000 kw, a flow rate of an oxygen gas to 10 sccm to 
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80 sccm, and a processing temperature of 80 °C to 300 °C, to coat the low refractive index film 

layer. In an exemplary embodiment, the flow rate of the argon gas is set to 45 sccm and the flow 

rate of the oxygen gas is set to 45 sccm.  

[0073] In addition, when the high refractive index film layer is coated, the flow rate of the 

argon gas is set to 10 sccm to 80 sccm, the sputtering power is greater than 3000 kw, and a flow 

rate of a hydrogen gas is set to 10 sccm to 80 sccm. In an exemplary embodiment, the flow rate 

of the hydrogen gas is set to 45 sccm.  

[0074] In a specific embodiment, a set of main films 52 is disclosed, as shown in Table 2: 

Table 2: Preset stacked structure of a set of main films (unit of thickness: nm) 

Material a-Si:H SiO2 a-Si:H SiO2 a-Si:H SiO2 

Layer 1 2 3 4 5 6 

Thickness 63.03 328.03 316.14 225.56 308.38 659.75 

Layer 7 8 9 10 11 12 

Thickness 63.23 184.43 31.57 661.6 364.41 73.26 

Layer 13 14 15    

Thickness 326.31 283.28 105.92    

 

[0075] The set of main films 52 is a set of narrow bandpass films with two passbands. The 

first layer is a film layer closest to the substrate 51. The set of main films 52 has a transmittance 

curve shown in FIG. 4. The set of main films 52 includes a passband having a center wavelength 

of about 960 nm and a passband having a center wavelength of about 1130 nm in a wavelength 

range of 700 nm to 1200 nm. 

[0076] In an exemplary embodiment, the set of secondary films 53 is a set of longwave pass 

films. In a wavelength range of 350 nm to 1200 nm, the set of longwave pass films has at least 

one passband and one cut-off band, and the passband of the set of longwave pass films covers 

the passband of the set of narrow bandpass films.  

[0077] In a specific embodiment, a set of longwave pass films is disclosed, as shown in Table 

3: 

Table 3: Preset stacked structure of a set of longwave pass films (unit of thickness: nm) 

Material SiO2 Si:H SiO2 Si:H SiO2 Si:H 

Layer 1 2 3 4 5 6 

Thickness 118.99 144.41 121.91 40.98 99.76 38.13 

Layer 7 8 9 10 11 12 
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Thickness 108.77 46.76 96.72 40 21 105 

Layer 13 14 15 16 17 18 

Thickness 114.2 162.36 134.9 20 20 20 

Layer 19 20 21 22 23 24 

Thickness 86.73 41.24 117.94 60.05 45.65 53.89 

Layer 25      

Thickness 139.6      

 

[0078] The transmittance curve of the set of secondary films 53 is shown FIG. 5. In the 

wavelength range of 350 nm to 1200 nm, the set of secondary films 53 includes a passband and 

a cut-off band, and the passband of the set of secondary films ranges from about 900 nm to 

1000 nm. Exemplarily, a near-infrared bandpass filter includes the set of longwave pass films 

and the set of narrow bandpass films disclosed in Table 1, and the passband of the set of 

longwave pass films covers the passband of the set of narrow bandpass films. The cut-off band 

covers at least the band of 350 nm to 850 nm, and thus visible light can be cut off.  

[0079] A method of coating the set of longwave pass films is as follows: evacuating the 

vacuum evaporation reaction apparatus to a vacuum level of less than 9×10-4Torr, and placing 

the substrate 51 and the raw material of the coating in corresponding positions; setting a flow 

rate of an argon gas to 10 sccm to 20 sccm, a voltage of 900 V to 1300 V, a current of 900 mA 

to 1300 mA, a flow rate of an oxygen gas to 30 sccm to 90 sccm, and an operating temperature 

of 80 °C to 300 °C, to coat each film layer. In an exemplary embodiment, the flow rate of the 

argon gas is set to 13sccm to 16 sccm, the flow rate of the oxygen gas is set to 40 sccm to 70 

sccm, and the operating temperature is set to 80 °C to 150 °C. In an exemplary embodiment, 

the flow rate of the argon gas is set to 15 sccm, the flow rate of the oxygen gas is set to 60 sccm, 

and the operating temperature is set to 120 °C.  

[0080] In a specific embodiment, a set of longwave pass films is disclosed, as shown in Table 

4: 

Table 4: Preset stacked structure of a set of longwave pass films (unit of thickness: nm) 

Material Nb2O5 SiO2 Si:H SiO2 Si:H SiO2 

Layer 1 2 3 4 5 6 

Thickness 91.91 46.65 171.57 84.57 60 41.2 

Layer 7 8 9 10 11 12 

Thickness 71.23 77.52 56.51 82.7 20 20 
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Layer 13 14 15 16 17 18 

Thickness 20 87.39 204.08 72.16 22.45 20 

Layer 19 20 21 22 23 24 

Thickness 20 71.46 60.69 121.32 48.2 28.68 

Layer 25 26 27 28 29 30 

Thickness 77.34 134.21 46.61 72.18 24.95 25.79 

 

[0081] The transmittance curve of the set of secondary films 53 is shown in FIG. 6. In the 

wavelength range of 350 nm to 1200 nm, the set of secondary films 53 includes a passband and 

a cut-off band, and the passband of the set of secondary films ranges from about 900 nm to 

1000 nm. Exemplarily, a near-infrared bandpass filter includes the set of longwave pass films 

and the set of narrow bandpass films disclosed in Table 1, and the passband of the set of 

longwave pass films covers the passband of the set of narrow bandpass films.  

[0082] In an exemplary embodiment, the set of secondary films 53 is a set of wide bandpass 

films, and the passband of the set of wide bandpass films covers the passband of the set of 

narrow bandpass films. The average blocking of set of wide bandpass films is greater than the 

blocking of the set of narrow bandpass films in a wavelength region smaller than the minimum 

wavelength of the passband of the set of wide bandpass films.  

[0083] In an exemplary embodiment, a thickness df1 of the set of main films 52 satisfies: 

1 7fd m , and a thickness df2 of the set of secondary films satisfies: 2 8fd m . 

[0084] In an exemplary embodiment, a linear expansion coefficient α of the substrate 51 

satisfies 6 63 10 / 17 10 /    ℃ ℃ , a Poisson's ratio s   of the substrate 51 satisfies 

0.2 0.32s   , and the refractive index temperature coefficient of the substrate 51 is 

=(dn /dt)/ns s s , where dn /dts  satisfies -10*10-6/°C< dn /dts <10*10-6/°C. 

[0085] The refractive index n1 of the high refractive index film layer satisfies 3<n1, and the 

refractive index temperature coefficient of the high refractive index film layer is 

1 1 1=(dn /dt)/n  , where 1dn /dt   satisfies -15*10-6/°C< 1dn /dt  <15*10-6/°C. The linear 

expansion coefficient 1   of the high refractive index film layer satisfies 

-6 -6

11 10 / 15 10 /   ℃ ℃, and the Poisson's ratio μ1 of the high refractive index film layer 

satisfies 10.1 0.5 
.
 

[0086] The linear expansion coefficient β2 of the first low refractive index film layer satisfies 
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-7

2 13 10 /   ℃, the Poisson's ratio μ2 of the first low refractive index film layer satisfies 

20.1 0.5  , and the refractive index temperature coefficient of the first low refractive index 

film layer is 2 2 2=(dn /dt)/n , where 2dn /dt  satisfies -5*10-6/°C< 2dn /dt <5*10-6/°C. 

[0087] With such arrangement, the linear expansion coefficient β of the set of main films 52 

is 1 1 2 2z z    , where 0<z1<1, and 0<z2<1. Z1 is a weight coefficient of the high refractive 

index film layer, and z2 is a weight coefficient of the first low refractive index film layer. 

Exemplarily, z1 is equal to the ratio of a sum of the thicknesses of all the high refractive index 

film layers to the thickness of the set of main films 52, and 1 2 1z z  . 

[0088] δ is an equivalent phase that satisfies the relationship of 1 2=(v +(1-v) )   , and μ is 

an equivalent Poisson ratio that satisfies the relationship of 1 2=(v +(1-v) )   . 

[0089] An equivalent refractive index n of the set of main films 52 is 

1/2

2 1
1

2 1 1 2

( 1)( / )

( 1) ( 1)( / ) ( / )

m m n n
n n

m m n n n n

  
  

    
, where m is an interference order of the filter, and 

0<m. Since n2<n1, 0<n<n1 is known. Specifically, 1<m<15.  

[0090] An aggregation density Po of the film layer of the set of main films 52 satisfies 

0.9<P0<1.6.  

[0091] A center wavelength c  of the passband of the near-infrared bandpass filter provided 

in an example of the present disclosure varies with the change of the temperature T. The 

temperature drift /c T   of c  satisfies: 

  

T T c c

0 T T 0 0 c c

/ ( ) / (n )

= (1 ) / n 1

c T n d d T

A A d B d

 

      

     

      P(n +n )(1+3 )/(1+3 )+1-P(1+3 )/(1+3 )
,  

[0092] Where, 2( )(1 3 ) / (1 )A        , 2 ( ) / (1 )B       , nc is an equivalent 

refractive index of the set of main films 52 at an initial temperature T0, and dc is a physical 

thickness of the set of main films 52 at the initial temperature T0. nT is an equivalent refractive 

index of the set of main films 52 at a to-be-measured temperature Tt, and dT is a physical 

thickness of the set of main films 52 at the to-be-measured temperature Tt.  

[0093] It can be calculated that /c T   satisfies 0. 5/ 1 /c T nm  ＜ ℃. 

[0094] In a specific embodiment, a near-infrared bandpass filter 5 in which a material of a 

substrate 51 of the near-infrared bandpass filter 5 is glass is disclosed. More specifically, 

Schott’s D263T can be used, the substrate 51 of which has a linear expansion coefficient α of 
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7.2×10-6/°C, and a Poisson’s ratio s  of 0.208 within the range of -30 °C to 70 °C. The set of 

main films 52 of the near-infrared bandpass filter 5 is shown in Table 5:  

Table 5: Preset stacked structure of a set of main films (unit of thickness: nm) 

Material SiO2 Si:H SiO2 Si:H SiO2 Si:H 

Layer 1 2 3 4 5 6 

Thickness 191.8 98.13 58.15 133.6 138.21 199.3 

Layer 7 8 9 10 11 12 

Thickness 122.2 136.73 20 112.1 120.76 75.89 

Layer 13 14 15 16 17 18 

Thickness 114 129.46 20 123.4 113.63 76.36 

Layer 19 20 21 22 23 24 

Thickness 121.5 116.03 20 134.3 117.93 83.82 

Layer 25 26 27    

Thickness 78.45 255.61 315.2    

 

[0095] The first layer in the set of main films 52 is the film layer closest to the substrate 51, 

and the other film layers are stacked along a stacking direction. The odd-numbered layers are 

first low refractive index film layers having a refractive index of less than 3 and a Poisson's 

ratio μ2 of 0.17. The even-numbered layers are high refractive index film layers, and the 

Poisson's ratio μ1 is 0.28. The film layers of the set of main films 52 are sputtering reaction 

coating layers, an aggregation density P0 of the film layer is 1.01, and a linear expansion 

coefficient β is 3×10-6/°C.  

[0096] A set of secondary films 53 of the near-infrared bandpass filter 5 is shown in Table 6: 

Table 6: Preset stacked structure of a set of secondary films (unit of thickness: nm) 

Material SiO2 TiO2 SiO2 TiO2 SiO2 TiO2 

Layer 1 2 3 4 5 6 

Thickness 134.4 72.6 90.3 67.45 120.98 77.1 

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 
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Thickness 118.7 75.8 120.1 76.6 103.28 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  

 

[0097] The film layers of the set of secondary films 53 are sputtering reaction film layers, the 

material of the second low refractive index film layer is silicon dioxide, and the material of the 

third low refractive index film layer is titanium dioxide.  

[0098] The transmittance curves of the near-infrared bandpass filter 5 is shown in FIGS. 7 and 

8. FIG. 7 shows that, when the light is incident at an angle of 0 degrees, the near-infrared 

bandpass filter 5 has a center wavelength of the passband of 865 nm, and, when light is incident 

at an angle of 30 degrees, the near-infrared bandpass filter 5 has a center wavelength of the 

passband of 858 nm. FIG. 8 shows the transmittance curves of the near-infrared bandpass filter 

5 at multiple operating temperatures with 0°C as the reference temperature. The drift amount 

of the passband is / 0.055 /c T nm   ℃. 

[0099] In a specific embodiment, a near-infrared bandpass filter 5 in which a material of a 

substrate 51 of the near-infrared bandpass filter 5 is glass is disclosed. More specifically, H-

ZPK5 of CDGM GLASS CO., LTD can be used, the substrate 51 of which has a linear 

expansion coefficient α of 12.4×10-6/°C within the range of -30 °C to 70 °C, and has a linear 

expansion coefficient α of 14.5×10-6/°C, and a Poisson's ratio s  of 0.3 within the range of 

100 °C to 300 °C. The set of main films 52 of the near-infrared bandpass filter 5 is shown in 

Table 7:  

Table 7: Preset stacked structure of a set of main films (unit of thickness: nm) 

Material Si:H SiO2 Si3N4 SiO2 

Layer 1 2 3 4 

Thickness 112.02 643.34 35.66 137.48 

Layer 5 6 7 8 
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Thickness 378.9 254.07 69.13 117.18 

Layer 9 10 11 12 

Thickness 525.28 111.77 99.29 102.46 

Layer 13 14 15 16 

Thickness 531.19 69.91 100.9 117.21 

Layer 17 18 19 20 

Thickness 535.44 31.18 112.69 48.18 

Layer 21 22 23 24 

Thickness 372.35 140.21 139.71 28 

Layer 25 26   

Thickness 109.1 29.22   

 

[0100] The film layers of the set of main films 52 are sputtered reactive coating layers, and 

the first layer is closest to the substrate 51. The material of the high refractive index film layer 

of the set of main films 52 is Si:H and the Poisson's ratio μ1 is 0.28. The material of the first 

low refractive index film layer is SiO2, the material of the fourth low refractive index film layer 

is Si3N4, and the Poisson's ratio μ2 is 0.17. The set of main films 52 has a structure of H-(L1-

L4-L1-H)s-L4, an aggregation density P0 of the film layer is 1.01, and a linear expansion 

coefficient β is 3.5×10-6/°C.  

[0101] The set of secondary films 53 of the near-infrared bandpass filter 5 has a preset stacked 

structure as shown in Table 6, and the film layers of the set of secondary films 53 are evaporative 

coating layers.  

[0102] When the crystalline structure of the high refractive index film layer is amorphous, the 

transmittance curves of the near-infrared bandpass filter 5 are shown in FIGS. 9 and 10. FIG. 9 

shows that, when the light is incident at an angle of 0 degrees, the near-infrared bandpass filter 

5 has a center wavelength of the passband of 950.5 nm, and, when light is incident at an angle 

of 30 degrees, the near-infrared bandpass filter 5 has a center wavelength of the passband of 

941.9 nm. FIG. 10 shows the transmittance curves of the near-infrared bandpass filter 5 at 

multiple operating temperatures with 0°C as the reference temperature. The drift amount of the 

passband is / 0.055 /c T nm  ＜ ℃. The side (UV side) of the passband close to the short 

wave has a transmittance of 10% and 90% where the steepness is 6 nm and 10 nm, respectively, 

and the drift is 8 nm. The side (IR side) of the passband close to the long wave has a 

transmittance of 10% and 90% where the steepness is 7 nm and 7 nm, respectively, and the drift 
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is 9.5 nm.  

[0103] Exemplarily, the crystalline structure of a portion of the high refractive index film layer 

of the near-infrared bandpass filter 5 is in a crystalline state, and specifically may be a single 

crystal, a polycrystal, or a microcrystal. The volume of this portion constitutes 15% of the 

volume of the high refractive index film layer. The transmittance curves of the near-infrared 

bandpass filter 5 are shown in FIG. 11. FIG. 11 shows the transmittance curves of the near-

infrared bandpass filter 5 at multiple operating temperatures with 0°C as the reference 

temperature. The drift amount of the passband is / /c T nm   0.03 ℃  (about 0.025 

nm/°C). It can be seen that the drift amount of the passband is much small when the volume of 

the crystal structure in the high refractive index film accounts for 15%. 

[0104] In a particular embodiment, a near-infrared bandpass filter 5 is disclosed, and the 

material of the substrate 51 of the near-infrared bandpass filter 5 is glass. Specifically, H-ZPK7 

of CDGM GLASS CO., LTD can be used, the substrate 51 of which has a linear expansion 

coefficient α of 13.4×10-6/°C within the range of -30 °C to 70 °C, and has a linear expansion 

coefficient α of 15.9×10-6/°C, and a Poisson's ratio s  of 0.306 within the range of 100 °C to 

300 °C. A set of main films 52 of the near-infrared bandpass filter 5 is shown in Table 8: 

Table 8: Preset stacked structure of a set of main films (unit of thickness: nm) 

Material SiO2 Ge:H SiO2 Ge:H SiO2 Ge:H 

Layer 1 2 3 4 5 6 

Thickness 204.1 73.1 193 379.6 115 196.3 

Layer 7 8 9 10 11 12 

Thickness 111.7 202.6 86 119 107 64.44 

Layer 13 14 15 16 17 18 

Thickness 112.6 65 107.6 128 64.3 87.5 

Layer 19 20 21 22 23 24 

Thickness 111.4 103 112 152 63.5 278 

Layer 25 26 27 28 29 30 

Thickness 109.9 66.2 106.4 269 140 278.8 

Layer 31 32 33 34 35  

Thickness 110.3 226.9 190.6 105.2 35.38  

 

[0105] The film layers of the set of main films 52 are sputtered reactive coating layers, and 

the first layer is closest to the substrate 51. The material of the high refractive index film layer 
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of the set of main films 52 is Ge:H, and the Poisson's ratio μ1 is 0.22. The material of the second 

low refractive index film layer is SiO2, and the Poisson's ratio μ2 is 0.17. The set of main films 

52 has an aggregation density P0 of the film layer of 1.08 and a linear expansion coefficient β 

of 2.7×10-6/°C. 

[0106] A set of secondary films 53 of the near-infrared bandpass filter 5 is shown in Table 9: 

Table 9: Preset stacked structure of a set of secondary films (unit of thickness: nm) 

Material SiO2 TiO2 SiO2 TiO2 SiO2 TiO2 

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  

 

[0107] The film layers of the set of secondary films 53 are evaporative coating layers.  

[0108] The transmittance curves of the near-infrared bandpass filter 5 are shown in FIGS. 12 

and 13. FIG. 12 shows that, when the light is incident at an angle of 0 degrees, the near-infrared 

bandpass filter 5 has a center wavelength of the passband of 946 nm, and, when light is incident 

at an angle of 30 degrees, the near-infrared bandpass filter 5 has a center wavelength of the 

passband of 937 nm. FIG. 10 shows the transmittance curves of the near-infrared bandpass filter 

5 at multiple operating temperatures with 0°C as the reference temperature. The drift amount 

of the passband is / 0.015 /c T nm  ＜ ℃. 

[0109] In a particular embodiment, a near-infrared bandpass filter 5 is disclosed, and the 
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material of the substrate 51 of the near-infrared bandpass filter 5 is glass. Specifically, H-ZPK7 

of CDGM GLASS CO., LTD can be used, the substrate 51 of which has a linear expansion 

coefficient α of 13.4×10-6/°C within the range of -30 °C to 70 °C, and has a linear expansion 

coefficient α of 15.9×10-6/°C, and a Poisson's ratio s  of 0.306 within the range of 100 °C to 

300 °C. A set of main films 52 of the near-infrared bandpass filter 5 is shown in Table 10: 

Table 10: Preset stacked structure of a set of main films (unit of thickness: nm) 

Material SiO2 SixGe1-x SiO2 SixGe1-x SiO2 SixGe1-x 

Layer 1 2 3 4 5 6 

Thickness 230.8 112 101 285.9 105.7 99.5 

Layer 7 8 9 10 11 12 

Thickness 66 236 102.8 100.9 76.7 433.5 

Layer 13 14 15 16 17 18 

Thickness 96.5 99.3 96 434.3 68.9 109.3 

Layer 19 20 21 22 23 24 

Thickness 93.7 244.3 22.8 281.39 98.79 209.72 

Layer 25 26 27 28 29 30 

Thickness 117.2 273.8 75.66 89.02 139.3 128.6 

Layer 31 32 33    

Thickness 218.8 113.7 83.9    

 

[0110] The first layer in the set of main films 52 is the film layer closest to the substrate 51. 

The odd-numbered layers are first low refractive index film layers, and the Poisson's ratio μ2 is 

0.17. The even-numbered layers are high refractive index film layers, and the Poisson's ratio μ1 

is 0.26. The film layers of the set of main films 52 are sputtering reaction coating layers. An 

aggregation density P0 of the film layer is 1.02, and a linear expansion coefficient β is 2×10-

6/°C.  

[0111] A set of secondary films 53 of the near-infrared bandpass filter 5 is shown in Table 11: 

Table 11: Preset stacked structure of a set of secondary films (unit of thickness: nm) 

Material SiO2 SixGe1-x SiO2 SixGe1-x SiO2 SixGe1-x 

Layer 1 2 3 4 5 6 

Thickness 72 134.4 109.2 26 45.1 138.13 

Layer 7 8 9 10 11 12 
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Thickness 67 230 92 29 32.9 159 

Layer 13 14 15 16 17 18 

Thickness 112.9 136.65 94.1 219 41 132 

Layer 19 20 21 22 23 24 

Thickness 55.8 54 119 65 64.5 59.3 

Layer 25 26 27 28 29  

Thickness 139.6 44.68 89 137.07 262.25  

 

[0112] The film layers of the set of secondary films 53 are sputtering reaction coating layer, 

the odd-numbered layers are second low refractive index film layers, and the even-numbered 

layers are high refractive index film layers.  

[0113] The transmittance curves of the near-infrared bandpass filter 5 are shown in FIGS. 14 

and 15. FIG. 14 shows that, when the light is incident at an angle of 0 degrees, the near-infrared 

bandpass filter 5 has a center wavelength of the passband of 950 nm, and, when light is incident 

at an angle of 30 degrees, the near-infrared bandpass filter 5 has a center wavelength of the 

passband of 942 nm. FIG. 15 shows the transmittance curves of the near-infrared bandpass filter 

5 at multiple operating temperatures with 0°C as the reference temperature. The drift amount 

of the passband is / 0.015 /c T nm  ＜ ℃. 

[0114] FIG. 2 shows a schematic diagram of an operating state of an optical sensing system 

according to an example of the present disclosure. Referring to FIGS. 1 and 2, the optical 

sensing system includes a near-infrared bandpass filter 5 and an image sensor 6. A first lens 

assembly 4 is further provided at an object side of the near-infrared bandpass filter 5. The light 

emitted or reflected by a to-be-detected target 1 passes through the first lens assembly 4 and 

then reaches the near-infrared bandpass filter 5. The filtered light formed by the light passing 

through the near-infrared bandpass filter 5 reaches the image sensor 6. The filtered light triggers 

the image sensor 6 to form an image signal. The optical sensing system provided with the 

infrared bandpass filter 5 disclosed in the present disclosure can be applied to at least -150 °C 

to 300 °C, and the quality of the resulting image is stable.  

[0115] The optical sensing system may also be an infrared identification system including an 

infrared light source 2 (Infrared Radiation, IR light source), a second lens assembly 3, a first 

lens assembly 4, a near infrared bandpass filter 5, and an image sensor 6, wherein the image 

sensor 6 is a three-dimensional sensor.  

[0116] The foregoing is only a description of the preferred embodiments of the present 
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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 near-infrared bandpass filter, characterized in that, the near-infrared bandpass filter 

comprises a substrate, a set of main films located on a first side of the substrate and a set of 

secondary films located on a second side of the substrate, the second side is opposite to the first 

side; 

the set of main films comprises a high refractive index film layer and a first low refractive 

index film layer arranged in a first preset stacked structure; 

the set of secondary films comprises a second low refractive index film layer and a third 

low refractive index film layer arranged in a second preset stacked structure, a refractive index 

of the third low refractive index film layer is different from a refractive index of the second low 

refractive index film layer, or the set of secondary films comprises the high refractive index 

film layer and the second low refractive index film layer arranged in a second preset stacked 

structure; 

in a wavelength range of 780nm to 3000nm, the near-infrared bandpass filter has at least 

one passband, and when a temperature is changed from -150 °C to 300 °C, a drift amount of a 

center wavelength of the at least one passband is less than 0.15 nm/°C.  

 

2. The near-infrared bandpass filter according to claim 1, characterized in that, when the 

temperature is changed from -30 °C to 85 °C, the drift amount of the center wavelength of the 

passband of the near-infrared bandpass filter is less than 0.09 nm/°C.  

 

3. The near-infrared bandpass filter according to claim 1, characterized in that, the high 

refractive index film layer has a refractive index of more than 3 for any wavelength in the 

wavelength range of 780 nm to 3000 nm.  

 

4. The near-infrared bandpass filter according to claim 3, characterized in that, an 

extinction coefficient of the high refractive index film layer is less than 0.01.  

 

5. The near-infrared bandpass filter according to claim 4, characterized in that, the high 

refractive index film layer has the refractive index of more than 3.6 and the extinction 

coefficient of less than 0.005 at a wavelength of 850 nm.  

 

6. The near-infrared bandpass filter according to claim 1, characterized in that, a thickness 
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df1 of the set of main films satisfies 1 7fd m , and a thickness df2 of the set of secondary 

films satisfies 2 8fd m . 

 

7. The near-infrared bandpass filter according to claim 1, characterized in that, a portion 

of the high refractive index film layer has a crystalline crystal structure and another portion has 

an amorphous crystal structure; 

a ratio between a volume of the portion in the crystalline crystal structure and a volume of 

the high refractive index film layer is within 10% to 20%.  

 

8. The near-infrared bandpass filter according to claim 1, characterized in that, a material 

of the high refractive index film layer comprises a mixture of one or more of silicon hydride, 

germanium hydride, boron-doped silicon hydride, boron-doped germanium hydride, nitrogen-

doped silicon hydride, nitrogen-doped germanium hydride, phosphorous-doped silicon hydride, 

phosphorous-doped germanium hydride, or SixGe1-x, where 0<x<1. 

 

9. The near-infrared bandpass filter according to claim 1, characterized in that, a material 

of the first low refractive index film layer, a material of the second low refractive index film 

layer and a material of the third low refractive index film layer each comprises a mixture of one 

or more of SiO2, Si3N4, SiOpNq, Ta2O5, Nb2O5, TiO2, Al2O3, SiCN, or SiC, where  

q=(4-2p)/3, and 0<p<1. 

 

10. The near-infrared bandpass filter according to claim 1, characterized in that, in a 

direction away from the substrate, the first preset stacked structure is in a form of (L1-H)s-L1, 

or (H-L1)s,  

where H represents the high refractive index film layer, L1 represents the first low 

refractive index film layer, s represents a number of repetitions of a structure in parentheses, 

and s is an integer equal to or greater than 1.  

 

11. The near-infrared bandpass filter according to claim 1, characterized in that, the set of 

main films further comprises a fourth low refractive index film layer, and a refractive index of 

the first low refractive index film layer is not equal to a refractive index of the fourth low 

refractive index film layer.  
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12. The near-infrared bandpass filter according to claim 11, characterized in that, in a 

direction away from the substrate, the first preset stacked structure is in a form of: (L1-L4-L1-

H)s-L1; (L1-L4-L1-H)s-L4; H-(L1-L4-L1-H)s-L1; or H-(L1-L4-L1-H)s-L4, 

where H represents the high refractive index film layer, L1 represents the first low 

refractive index film layer, L4 represents the fourth low refractive index film layer, s represents 

a number of repetitions of a structure in parentheses, and s is an integer greater than or equal to 

1.  

 

13. The near-infrared bandpass filter according to claim 1, characterized in that, the set of 

main films is a set of narrow bandpass films, and the set of secondary films is a set of wide 

bandpass films or a set of longwave pass films.  

 

14. The near-infrared bandpass filter according to claim 13, characterized in that, the set 

of narrow bandpass films has at least one passband in the wavelength range of 780nm to 

3000nm.  

 

15. The near-infrared band pass filter according to claim 14, characterized in that, the set 

of secondary films is the set of longwave pass films; and 

the set of longwave pass films has at least one passband and one cut-off band in a 

wavelength range of 350 nm to 3000nm, and the passband of the set of longwave pass films 

covers the passband of the set of narrow bandpass films.  

 

16. The near-infrared bandpass filter according to claim 14, characterized in that, the set 

of secondary films is the set of wide bandpass films, and a passband of the set of wide bandpass 

films covers the passband of the set of narrow bandpass films; and 

an average blocking of the set of wide bandpass films is greater than a blocking of the set 

of narrow bandpass films in a wavelength region less than a minimum wavelength of the 

passband of the set of narrow bandpass films.  

 

17. The near-infrared bandpass filter according to claim 1, characterized in that, a material 

of the substrate has a linear expansion coefficient between 3*10-6/°C and 17*10-6/°C.  

 

18. The near-infrared bandpass filter according to claim 1, characterized in that, the set of 

main films and the set of secondary films are formed by a sputtering reaction apparatus or an 
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evaporation apparatus.  

 

19. An optical sensing system, characterized in that, the optical sensing system comprises 

an image sensor and the near-infrared bandpass filter according to any one of claims 1-18, the 

near-infrared bandpass filter is disposed on a photosensitive side of the image sensor.  

  


