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RED PHOSPHOR COMPOSITION, RED PHOSPHOR FILM, AND RED LED 

LIGHT SOURCE 

 

[0001] The present application claims the priority of the Chinese patent application 

filed with the Chinese Patent Office on November 21, 2022 with an application 

number 202211456736.0 and titled "RED PHOSPHOR COMPOSITION, RED 

PHOSPHOR FILM, AND RED LED LIGHT SOURCE", the entire contents of which 

are incorporated by reference in the present application. 

TECHNICAL FIELD 

[0002] The present application relates to the technical field of physiotherapy light 

source technology, more particularly to a red phosphor composition, a red phosphor 

film, and a red LED light source. 

BACKGROUND 

[0003] Red light physiotherapy is a method of using red light to irradiate the human 

body to improve the physiological condition of the human body. Red light has a 

certain penetration power for the skin and subcutaneous tissue. The warming effect of 

red light on muscles, subcutaneous tissue, etc. can accelerate blood circulation, 

promote metabolism and cell proliferation, and can play an anti to inflammatory, 

analgesic, massage, promote scar softening, and reduce scar contracture. 

[0004] Traditional red light physiotherapy devices mostly use filtering methods to 

obtain red light, which has defects such as limited life of the filter liquid, low 

luminous efficiency, small irradiation area, flicker, complex structure, and light 

intensity and frequency cannot be modulated. LED light sources have become 

artificial light sources with wide application in the medical and beauty fields due to 

their advantages such as high efficiency, narrow band, direct current, energy saving, 

and environmental protection. 

[0005] FIG. 1 is a spectrum diagram of a red LED light source in the prior art. As 

shown in FIG. 1, the spectrum diagram of the red LED light source in the prior art has 
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a steep and narrow peak shape, and the optical power of the red light before and after 

the peak decreases rapidly with the wavelength. When the red LED light source in the 

prior art is used for physiotherapy, only the red light in the narrow band before and 

after the peak can produce the physiotherapy effect. The effective band of 

physiotherapy is too narrow, and the physiotherapy effect of red light cannot be 

further improved. 

TECHNICAL PROBLEMS 

[0006] The purpose of the present application is to provide a red phosphor 

composition, a red phosphor film, and a red LED light source to solve the technical 

problem that the red LED light source in the prior art has a steep and narrow peak 

shape in the spectrum graph, and the optical power of the red light before and after the 

peak decreases rapidly with the wavelength, which leads to a narrow effective band 

for physiotherapy and poor physiotherapy effect. 

TECHNICAL SOLUTIONS 

[0007] In order to achieve the above application purpose, the first aspect of 

embodiments of the present application provides a red phosphor composition. The red 

phosphor composition in embodiments of the present application comprises: a first 

phosphor, a second phosphor, and a third phosphor. 

[0008] The first phosphor comprises: a phosphor A, a phosphor B, and a phosphor 

D1. 

[0009] The second phosphor comprises: a phosphor C, a phosphor D2, and a 

phosphor E1. 

[0010] The third phosphor comprises: a phosphor D3, a phosphor E2, and a 

phosphor F. 

[0011] An emission wavelength of the phosphor A is 600 nm to 640 nm. 

[0012] An emission wavelength of the phosphor B is 650 nm to 660 nm. 

[0013] An emission wavelength of the phosphor C is 670 nm to 700 nm. 
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[0014] Emission wavelengths of the phosphor D1, the phosphor D2, and the 

phosphor D3 are independently 710 nm to 730 nm. 

[0015] Emission wavelengths of the phosphor E1, the phosphor E2, and the 

phosphor F are independently greater than 730 nm and less than or equal to 800 nm. 

[0016] The red phosphor composition of the embodiments of the present application 

comprises different phosphors with emission wavelengths dispersed in 600 nm to 800 

nm in the first phosphor, the second phosphor, and the third phosphor, respectively, so 

that the red phosphor composition of the embodiments of the present application is 

excited to produce a wide spectrum of red light, and the spectrum of the red light 

includes a flat and wide peak in the wavelength range of 600 nm to 800 nm. In the 

wide band before and after the peak, the red light has similar light power and energy 

density and all can produce a physiotherapy effect during physiotherapy. This band is 

the effective band for physiotherapy. Thus, the effective band of red light 

physiotherapy produced by the red phosphor composition of the embodiment of the 

present application is wide and has a good physiotherapy effect. 

[0017] In a second aspect of embodiments of the present application, a red phosphor 

film is provided, and the red phosphor film of embodiments of the present application 

comprises: a first phosphor film, a second phosphor film, and a third phosphor film.  

[0018] The first phosphor film comprises: a first film-forming material, and the first 

phosphor contained in the red phosphor composition according to above embodiments 

and dispersed in the first film-forming material. 

[0019] The second phosphor film comprises: a second film-forming material, and a 

second phosphor contained in the red phosphor composition according to above 

embodiments and dispersed in the second film-forming material. 

[0020] The third phosphor film comprises: a third film-forming material, and a third 

phosphor contained in the red phosphor composition according to above embodiments 

and dispersed in the third film-forming material. 

[0021] The red phosphor film of embodiments of the present application includes the 

red phosphor composition of the above embodiments of the present application, so 

that the red phosphor film of the embodiments of the present application is excited to 

produce a wide spectrum of red light, the peak of the red light is flat and the band 
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range is wide, the red light has similar light power and energy density and all can 

produce a physiotherapy effect during physiotherapy, so the red light physiotherapy 

effect produced by the red phosphor film of the embodiments of the present 

application is good. 

[0022] In the third aspect of embodiments of the present application, a red LED light 

source is provided. The red LED light source of embodiments of the present 

application includes a light-emitting unit, the light-emitting unit comprises: a chip, 

and a red phosphor film arranged on an optical path of the chip, and the red phosphor 

film is the red phosphor film provided by the above embodiments of the application 

embodiment. 

[0023] The red LED light source of embodiments of the present application 

generates excitation light through the chip, which excites the red phosphor 

composition contained in the red phosphor film to generate red light. The red light has 

a wide and flat peak, and the peak is an effective band for physiotherapy, so that the 

red light generated by the red LED light source of the embodiments of the present 

application has a good physiotherapy effect. In addition, the red LED light source of 

the embodiments of the present application adjusts the red light generated by 

adjusting the emission wavelength of the red phosphor composition, so that the red 

light has the characteristics of a wide spectrum and a flat peak, a simple operation 

method, good repeatability, and a high product yield. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] In order to more clearly illustrate the technical scheme in the embodiment of 

the present application, the following will briefly introduce the drawings required to 

be used in the embodiment or the prior art description. Obviously, the drawings 

described below are only some embodiments of the present application. For ordinary 

technicians in this field, other drawings can be obtained based on these drawings 

without creative work. 

[0025] FIG. 1 is a spectrum diagram of a red LED light source in the prior art; 

[0026] FIG. 2 is a spectrum diagram of a red LED light source provided by Example 

C1; 



5 

 

[0027] FIG. 3 is a spectrum diagram of a red LED light source provided by Example 

C2; 

[0028] FIG. 4 is a spectrum diagram of a red LED light source provided by Example 

C3; 

[0029] FIG. 5 is a spectrum diagram of a red LED light source provided by Example 

C4; 

[0030] FIG. 6 is a spectrum diagram of a red LED light source provided by Example 

C5; 

[0031] FIG. 7 is a spectrum diagram of a red LED light source provided by Example 

C6; 

[0032] FIG. 8 is a spectrum diagram of a red LED light source provided by Example 

C7; 

[0033] FIG. 9 is a spectrum diagram of a red LED light source provided by Example 

C8; 

[0034] FIG. 10 is a spectrum diagram of a red LED light source provided by 

Example C9; 

[0035] FIG. 11 is a spectrum diagram of a red LED light source provided by 

Comparative Example C1; 

[0036] FIG. 12 is a spectrum diagram of a red LED light source provided by 

Comparative Example C2; and 

[0037] FIG. 13 is a spectrum diagram of a red LED light source provided by 

Comparative Example C3. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0038] To clarify the technical problems to be solved by the present application, 

technical solutions, and beneficial effects, the present application is further described 

in detail in combination with the embodiments below. It should be understood that the 

specific embodiments described herein are only used to explain the present 

application and are not used to limit the present application. 
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[0039] In a first aspect of embodiments of the present application, a red phosphor 

composition is provided. The red phosphor composition of the embodiments of the 

present application comprises: a first phosphor, a second phosphor, and a third 

phosphor. 

[0040] The first phosphor comprises: a phosphor A, a phosphor B, and a phosphor 

D1; an emission wavelength of the phosphor A is 600 nm to 640 nm, and may 

optionally be 610 nm to 640 nm; an emission wavelength of the phosphor B is 650 nm 

to 660 nm; and an mission wavelength of the phosphor D1 is 710 nm to 730 nm. 

[0041] The second phosphor comprises: a phosphor C, a phosphor D2, and a 

phosphor E1; an emission wavelength of the phosphor C is 670 nm to 700 nm, an 

emission wavelength of the phosphor D2 is 710 nm to 730 nm; and an emission 

wavelength of the phosphor E1 is greater than 730 nm and less than or equal to 800 

nm. 

[0042] The third phosphor comprises: a phosphor D3, a phosphor E2, and a 

phosphor F. An emission wavelength of the phosphor D3 is 710 nm to 730 nm; and 

emission wavelengths of the phosphor E2 and the phosphor F are independently 

greater than 730 nm and less than or equal to 800 nm. 

[0043] The red phosphor composition of the embodiments of the present application 

is excited to produce a wide spectrum of red light by using the first phosphor, the 

second phosphor, and the third phosphor whose emission wavelengths are dispersed in 

the range of 600 nm to 800 nm. The spectrum of the red light includes a flat peak in 

the range of 600 nm to 800 nm. In the wide band before and after the peak, the red 

light has similar light power and energy density and all can produce a physiotherapy 

effect during physiotherapy. This band is the effective band for physiotherapy. Thus, 

the effective band of red light physiotherapy produced by the red phosphor 

composition of the embodiment of the present application is wide and has a good 

physiotherapy effect. 

[0044] It should be noted that in embodiments of the present application, the band 

refers to the wavelength range of the red light, and the effective band refers to the 

wavelength range of the red light that can produce physiotherapy effects. 

[0045] It can be understood that the emission wavelength of the phosphor refers to 
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the wavelength at the main peak in the spectrum of the light generated by the 

phosphor when excited by photons. 

[0046] In some embodiments, at least one of the first phosphor, the second phosphor, 

and the third phosphor contained in the red phosphor composition of the present 

application is provided separately from other two phosphors. In an exemplary 

embodiment, the first phosphor, the second phosphor, and the third phosphor are 

provided separately. By providing at least one of the first phosphor, the second 

phosphor, and the third phosphor separately from other two phosphors, the mass ratio 

of the first phosphor, the second phosphor, and the third phosphor can be flexibly 

adjusted according to the luminous effect. 

[0047] In a further embodiment, the emission wavelength of the phosphor A may be 

630 nm, the emission wavelength of the phosphor B may be 660 nm, and the emission 

wavelength of the phosphor C may be 679 nm. The emission wavelengths of the 

phosphor D1, the phosphor D2, and the phosphor D3 may all be 720 nm. The 

emission wavelengths of the phosphor E1 and the phosphor E2 may all be 738 nm to 

742 nm, specifically be 740 nm, and the emission wavelength of the phosphor F may 

be 793 nm to 797 nm, specifically be 795 nm. 

[0048] In some embodiments, the first phosphor, the second phosphor, and the third 

phosphor may comprise at least one of a nitride red powder and a fluoride red powder. 

Specifically, the phosphor A, the phosphor B, the phosphor C, the phosphor D1, the 

phosphor D2, the phosphor D3, the phosphor E1, the phosphor E2, and the phosphor 

F may respectively comprise at least one of the nitride red powder and the fluoride red 

powder. 

[0049] In an exemplary embodiment, the phosphor A, the phosphor B, the phosphor 

C, the phosphor D1, the phosphor D2, the phosphor D3, the phosphor E1, the 

phosphor E2, and the phosphor F may be independently but not limited to 

(Ca,Sr)AlSiN3 (calcium strontium aluminum silicon nitride, 1113) or K2SiF6: Mn4+ 

(Manganese(IV)-doped potassium hexafluorosilicate). In addition, the phosphors of 

various emission wavelengths such as the phosphor A, the phosphor B, the phosphor 

C, the phosphor D1, the phosphor D2, the phosphor D3, the phosphor E1, the 

phosphor E2, and the phosphor F can be directly purchased commercially according 

to the emission wavelength. 
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[0050] It should be noted that the specific number of compounds included in any of 

the phosphor A, the phosphor B, the phosphor C, the phosphor D1, the phosphor D2, 

the phosphor D3, the phosphor E1, the phosphor E2, or the phosphor F is not limited, 

and may include only a single pure compound or a mixture of multiple compounds. 

[0051] It can be understood that the specific emission wavelengths of the phosphor 

D1 contained in the first phosphor, the phosphor D2 contained in the second 

phosphor, and the phosphor D3 contained in the third phosphor may be the same, for 

example, the emission wavelengths of the phosphor D1, the phosphor D2, and the 

phosphor D3 are all 720 nm. The emission wavelengths of the phosphor D1, the 

phosphor D2, and the phosphor D3 may also be different, for example, the emission 

wavelengths of the phosphor D1, the phosphor D2, and the phosphor D3 are 715 nm, 

720 nm, and 725 nm, respectively. When the emission wavelengths of the phosphor 

D1, the phosphor D2, and the phosphor D3 are the same, the phosphor D1, the 

phosphor D2, and the phosphor D3 can be the same substance, for example, the 

phosphor D1, the phosphor D2, and the phosphor D3 are all (Ca,Sr)AlSiN3. The 

phosphor D1, the phosphor D2, and the phosphor D3 can also be different substances, 

for example, the phosphor D1 is (Ca,Sr)AlSiN3, and the phosphor D2 and the 

phosphor D3 are both K2SiF6: Mn4+. Similarly, the specific emission wavelengths of 

the phosphor E1 and the phosphor E2 can be the same or different. When the emission 

wavelengths of the phosphor E1 and the phosphor E2 are the same, the phosphor E1 

and the phosphor E2 can be the same substance or different substances. 

[0052] In some embodiments, a mass ratio of the phosphor A, the phosphor B, and 

the phosphor D1 in the first phosphor can be controlled to be (3 to 25) : (3 to 35) : (5 

to 50), optionally be (5 to 20) : (5 to 25) : (10 to 40), and further optionally be (5 to 

15) : (5 to 20) : (10 to 30). 

[0053] In some embodiments, a mass ratio of the phosphor C, the phosphor D2, and 

the phosphor E1 in the second phosphor can be controlled to be (7 to 35) : (7 to 40) : 

(10 to 50), optionally be (10 to 30) : (10 to 35) : (15 to 40),, and further optionally be 

(10 to 25) : (10 to 30) : (20 to 40). 

[0054] In some embodiments, a mass ratio of the phosphor D3, the phosphor E2, and 

the phosphor F in the third phosphor can be controlled to be (10 to 40) : (10 to 40) : 

(15 to 50), optionally be (12 to 35) : (12 to 35) : (15 to 40), further optionally be (15 
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to 30) : (15 to 30) : (15 to 35). 

[0055] By controlling the mass ratio of the phosphor A, the phosphor B, and the 

phosphor D1, the mass ratio of the phosphor C, the phosphor D2, and the phosphor 

E1, and the mass ratio of the phosphor D3, the phosphor E2, and the phosphor F 

within the above ranges, the light intensity, peak flatness, peak wavelength, and peak 

width of the red light generated by the red phosphor composition of the embodiments 

of the present application can be adjusted, so that the peak in the spectrum of the red 

light is flatter and wider, so as to further broaden the effective wavelength of the red 

light and improve the physiotherapy effect of the red light. Moreover, within the 

above ranges, the ratio of one or more of the phosphors can be adjusted to increase the 

light power of one or more specific wavelengths in the red light, so that the light 

power of the specific wavelength is prominent over other wavelengths, so as to 

improve the phototherapy effect or function of the red light of the wavelength. For 

example, by adjusting the ratio of the phosphors, the red light generated by the red 

phosphor composition at a wavelength of 650 nm has a higher light power than the 

red light at other wavelengths, so that the red light generated by the red phosphor 

composition of the embodiments of the present application is more conducive to the 

healing of human wound tissue. 

[0056] In some embodiments, particle sizes of the first phosphor, the second 

phosphor, and the third phosphor can be controlled to be independently less than or 

equal to 50 μm, optionally 5 μm to 50 μm, and further optionally 10 μm to 50 μm. The 

particle sizes of the first phosphor, the second phosphor, and the third phosphor are 

controlled within this range, so that the particles of the first phosphor, the second 

phosphor, and the third phosphor have a larger specific surface area, thereby 

improving the luminous efficiency. Moreover, when the first phosphor, the second 

phosphor, and the third phosphor are formed into a film with a film-forming material, 

the particles of the first phosphor, the second phosphor, and the third phosphor have 

better compatibility with the film-forming material, thereby making the film thickness 

thinner. 

[0057] The second aspect of the embodiments of the present application provides a 

red phosphor film, and the red phosphor film of the embodiments of the present 

application comprises: a first phosphor film, a second phosphor film, and a third 
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phosphor film. The first phosphor film comprises: a first film-forming material, and a 

first phosphor contained in the red phosphor composition of the above-mentioned 

embodiments of the application dispersed in the first film-forming material. The 

second phosphor film comprises: a second film-forming material, and a second 

phosphor contained in the red phosphor composition of the above-mentioned 

embodiment of the application dispersed in the second film-forming material. The 

third phosphor film comprises a third film-forming material, and a third phosphor 

contained in the red phosphor composition of the above-mentioned embodiment of the 

application dispersed in the third film-forming material. 

[0058] The red phosphor film of the embodiments of the present application 

comprises the red phosphor composition of the above-mentioned embodiments of the 

present application, so that the red phosphor film of the embodiments of the present 

application can be excited by photons to produce a wide spectrum of red light, and in 

the spectrum of the red light, the peak shape is flat in a wide band before and after the 

peak, and the band is an effective band. The red light within the band has similar light 

power and energy density, and all can produce a physiotherapy effect. Therefore, the 

effective band of the red light physiotherapy generated by the red phosphor film of the 

embodiments of the present application is wide, and the physiotherapy effect is good. 

[0059] In some embodiments, the first phosphor film, the second phosphor film, and 

the third phosphor film in embodiments of the present application can be stacked in 

sequence, or can be separately arranged. For example, in some specific exemplary 

embodiment, the first phosphor film, the second phosphor film, and the third 

phosphor film are separately arranged. In other exemplary embodiments, the first 

phosphor film and the second phosphor film are stacked to form a fourth phosphor 

film containing a double film layer, and are arranged separately from the third 

phosphor film. 

[0060] The first phosphor film, the second phosphor film, and the third phosphor 

film separately include the first phosphor, the second phosphor, and the third 

phosphor, so that when the red phosphor composition is used, it is not necessary to 

mix the first phosphor, the second phosphor, and the third phosphor in proportion, and 

the proportion of the first phosphor, the second phosphor, and the third phosphor can 

be flexibly adjusted according to demand when preparing the red phosphor film. 
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Moreover, the film thickness of the first phosphor film, the second phosphor film, and 

the third phosphor film and the concentration of the phosphor can be adjusted 

respectively to further optimize the luminous efficiency. 

[0061] In some embodiments, the first film-forming material, the second film-

forming material, and the third film-forming material can independently include at 

least one of a silica gel and an epoxy resin. These materials, such as the silica gel, 

have excellent properties such as good light transmittance, atmospheric aging 

resistance and ultraviolet aging resistance, so that the red phosphor film has good light 

transmittance and is not easy to turn yellow due to aging during use. 

[0062] In addition, the first film-forming material, the second film-forming material, 

and the third film-forming material may be the same, for example, in a specific 

exemplary embodiment, the first film-forming material, the second film-forming 

material, and the third film-forming material are all silica gel. The first film-forming 

material, the second film-forming material, and the third film-forming material may 

also be different, for example, in other specific exemplary embodiments, the first 

film-forming material is silica gel, while the second film-forming material and the 

third film-forming material are both epoxy resin. 

[0063] In some embodiments, a mass ratio of the first phosphor in the first phosphor 

film, the second phosphor in the second phosphor film, and the third phosphor in the 

third phosphor film may be controlled to be (5 to 30): (10 to 40): (15 to 60), 

optionally be (7 to 25): (12 to 30): (17 to 50), and further optionally be (10 to 20): (15 

to 25): (20 to 40). By controlling the mass ratio of the first phosphor, the second 

phosphor, and the third phosphor within this range, the flatness of the peak shape 

before and after the peak in the spectrum of the red light generated by the red 

phosphor film of the embodiments of the present application is further improved, the 

effective band of red light physiotherapy is expanded, and the physiotherapy effect is 

improved. 

[0064] In some embodiments, any of the first phosphor film, the second phosphor 

film, and the third phosphor film can be a single film, so that the film thickness of the 

first phosphor film, the second phosphor film, and the third phosphor film can be 

thinner. In a further embodiment, the film thickness of the first phosphor film, the 

second phosphor film, and the third phosphor film can also be controlled to be sub-
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millimeter level, such as 0.06 mm to 0.60 mm, to improve the luminous efficiency. 

[0065] In some embodiments, the first phosphor film comprises a plurality of single 

film layers, and the plurality of single film layers are stacked and combined to form a 

composite film. In an exemplary embodiment, the first phosphor film is a composite 

film formed by a film layer A, a film layer B, and a film layer D1. The film layer A 

contains the phosphor A, the film layer B contains the phosphor B, and the film layer 

D1 contains the phosphor D1. During preparation, the film layer A, the film layer B, 

and the film layer D1 can be prepared separately by the film pressing method, and 

then the film layer A, the film layer B, and the film layer D1 are stacked in sequence, 

and vacuum pressed to form the first phosphor film. Alternatively, the film layer A can 

also be formed by spray coating, and then the film layer B is spray coated on the film 

layer A, and finally the film layer D1 is spray coated again on the basis of the film 

layer A and the film layer B, so that the film layer A, the film layer B, and the film 

layer D1 are composited to form the first phosphor film. 

[0066] In some embodiments, the second phosphor film comprises a plurality of 

single film layers, and the plurality of single film layers are stacked and combined to 

form the second phosphor film. The combination mode between the plurality of single 

film layers in the second phosphor film can be the same as the combination mode of 

the plurality of single film layers in the first phosphor film. 

[0067] In some embodiments, the third phosphor film comprises a plurality of single 

film layers, and the plurality of single film layers are stacked and combined to form 

the third phosphor film. The combination mode between the plurality of single film 

layers in the third phosphor film can be the same as the combination mode of the 

plurality of single film layers in the first phosphor film. 

[0068] The first phosphor film, the second phosphor film, and the third phosphor 

film are respectively formed by compounding a plurality of single film layers. When 

preparing the first phosphor film, the second phosphor film, and the third phosphor 

film, the mass ratio and concentrations of the phosphors can be flexibly controlled, 

and the red light generated by the red phosphor film of the embodiments of the 

present application can be adjusted as needed. For example, the mass ratio and 

concentrations of the phosphor A, the phosphor B, and the phosphor D1 in the first 

phosphor can be controlled. 



13 

 

[0069] In some embodiments, the concentration of the first phosphor in the first 

phosphor film can be controlled to be 40% to 87%, optionally be 50% to 80%, and 

further optionally be 60% to 75%. The concentration of the first phosphor is the 

proportion of the mass of the first phosphor in the total mass of the first phosphor and 

the first film-forming material. 

[0070] In some embodiments, the concentration of the second phosphor in the 

second phosphor film can be controlled to be 30% to 87%, optionally be 40% to 80%, 

and further optionally be 60% to 75%. The concentration of the second phosphor is 

the proportion of the mass of the second phosphor in the total mass of the second 

phosphor and the second film-forming material. 

[0071] In some embodiments, the concentration of the third phosphor in the third 

phosphor film can be controlled to be 30% to 87%, optionally be 45% to 80%, and 

further optionally be 60% to 75%. The concentration of the third phosphor is the 

proportion of the mass of the third phosphor in the total mass of the third phosphor 

and the third film-forming material. 

[0072] The concentrations of the first phosphor, the second phosphor, and the third 

phosphor have a significant effect on the optical power of the red light generated by 

the red phosphor film of the embodiments of the present application. The greater the 

concentration, the greater the optical power of the red light generated. By controlling 

the concentration of the first phosphor, the second phosphor, and the third phosphor 

within this range, the light power of the red light emitted by the red phosphor film can 

be adjusted to improve the physiotherapy effect of the red light. 

[0073] It can be understood that the red phosphor film of the embodiments of the 

present application can be formed by a film pressing method and/or a spray coating 

method. 

[0074] In some embodiments, the red phosphor film of the embodiments of the 

present application is formed by a film pressing method, and the film thickness of any 

one of the first phosphor film, the second phosphor film, and the third phosphor film 

can be controlled to be 0.06 mm to 0.6 mm. 

[0075] In some embodiments, the red phosphor film of the embodiments of the 

present application is formed by a spray coating method, and the film thickness of any 
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one of the first phosphor film, the second phosphor film, and the third phosphor film 

can be controlled to be 0.001 mm to 0.01 mm, optionally be 0.002 mm to 0.006 mm, 

and further optionally be 0.002 mm to 0.003 mm. 

[0076] The thickness of the red phosphor film in embodiments of the present 

application is controlled within this range, which is almost close to the particle size of 

the red phosphor composition particles, so that after the red phosphor film and the 

chip are made into a light source, the refraction of the excitation light generated by the 

chip in the red phosphor film can be further reduced, so that the excitation light can 

reach the surface of the red phosphor composition particles to the maximum extent, so 

as to promote the red phosphor composition to be excited to produce red light to the 

greatest extent, thereby improving the luminous efficiency. It should be noted that the 

thicknesses of the first phosphor film, the second phosphor film, and the third 

phosphor film in the red phosphor film can be the same or different, and those skilled 

in the art can adjust the film thickness as needed or according to the luminous 

efficiency. 

[0077] In a third aspect of embodiments of the present application, a red LED light 

source is provided. The red LED light source in embodiments of the present 

application includes a light-emitting unit, and the light-emitting unit includes a chip 

and a red phosphor film arranged on an optical path of the chip. The red phosphor 

film is the red phosphor film in the embodiments of the present application mentioned 

above. In order to save space, the red phosphor film will not be described here. 

[0078] The red LED light source provided in the embodiments of the present 

application generates excitation light through the chip, and excites the red phosphor 

film arranged on the light output path of the chip to generate a wide spectrum of red 

light. In the spectrum of the red light, the peak shape is flat in a wide band before and 

after the peak, and the red light within the band has similar light power and energy 

density, and all can produce a physiotherapy effect. This band is an effective band for 

physiotherapy. The red LED light source of the embodiments of the present 

application excites the red phosphor film through the chip, and the generated red light 

has a wide effective band and good physiotherapy effect. 

[0079] In some embodiments, the red LED light source of the embodiments of the 

present application comprises a plurality of light-emitting units, which may 
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specifically comprise three light-emitting units, namely, a first light-emitting unit, a 

second light-emitting unit, and a third light-emitting unit. The first light-emitting unit 

comprises: a first chip, and the first phosphor film as described in the above arranged 

on an optical path of the first chip. The second light-emitting unit comprises: a second 

chip, and the second phosphor film as described in the above arranged on an optical 

path of the second chip. The third light-emitting unit comprises: a third chip, and the 

third phosphor film as described in the above arranged on an optical path of the third 

chip. Alternatively, in some other embodiments, the red LED light source of the 

embodiments of the present application may also specifically comprise two light-

emitting units, namely, a fourth light-emitting unit and a fifth light-emitting unit. The 

fourth light-emitting unit comprises a fourth chip and the fourth phosphor film as 

described in the above, and the fifth light-emitting unit comprises a fifth chip, and the 

third phosphor film as described in the above. 

[0080] By separately making the first phosphor film, the second phosphor film, and 

the third phosphor film into different light-emitting units, the red lights generated by 

different light-emitting units are composited to form a red light with a wide effective 

band and good physiotherapy effect. Moreover, the wavelength range and flatness of 

the peak of the red light generated by the red LED light source can be flexibly 

adjusted by adjusting the peak of the red light generated by different light-emitting 

units, so that the peak shape in the band before and after the peak is flatter, and the 

light power and energy density of the red light in this band are closer.  

[0081] In some embodiments, any of the first phosphor film, the second phosphor 

film, and the third phosphor film is composited by a plurality of single film layers, 

and the plurality of single film layers are arranged in order from small to large in 

refractive index, that is, single film layer with a smaller refractive index is arranged 

closer to the chip, and a single film layer with a larger refractive index is arranged 

further away from the chip. By arranging the film layer with a smaller refractive index 

closer to the chip, the propagation of light in the light source is from the optically 

sparse medium to the optically dense medium, which avoids the problem that the light 

cannot be emitted due to the incident angle of the light being greater than the critical 

angle of total reflection when the light propagates from the optically dense medium to 

the optically sparse medium, thereby causing the red LED light source to have low 

brightness. 
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[0082] In some embodiments, the emission wavelength of any one of the first chip, 

the second chip, and the third chip can be controlled to be 440 nm to 475 nm, 

optionally be 440 nm to 460 nm, and further optionally be 452 nm to 455 nm. By 

controlling the emission wavelength of the chip within this range, the optical power of 

435 nm to 440 nm blue light can be reduced to reduce the damage of 435 nm to 440 

nm blue light to the retina. It is understandable that the emission wavelengths of the 

first chip, the second chip, and the third chip can be the same, for example, the 

emission wavelengths of the first chip, the second chip, and the third chip are all 452 

nm, and the emission wavelengths of the first chip, the second chip, and the third chip 

can also be different, for example, the emission wavelengths of the first chip, the 

second chip, and the third chip are 452 nm, 455 nm, and 458 nm respectively, which 

can be set according to needs of those skilled in the art. 

[0083] It is understandable that the emission wavelength of the chip refers to the 

wavelength at the main peak in the spectrum of the light generated by the chip when 

being excited by a current. 

[0084] In some embodiments, the red phosphor film in the red LED light source of 

the embodiments of the present application is prepared by a film pressing method, and 

the film thickness of any one of the first phosphor film, the second phosphor film, and 

the third phosphor film can be controlled to be 0.06mm to 0.6mm, and the emission 

wavelength of any one of the first chip, the second chip, and the third chip is 440 nm 

to 475 nm. In the first phosphor film, the concentration of the first phosphor is 40% to 

87%, and the mass ratio of the phosphor A, the phosphor B, and the phosphor D1 in 

the first phosphor is (3 to 25): (3 to 35): (5 to 50). In the second phosphor film, the 

concentration of the second phosphor is 40% to 87%, and the mass ratio of the 

phosphor C, the phosphor D2, and the phosphor E1 in the second phosphor is (7 to 

35): (7 to 40): (10 to 50). In the third phosphor film, the concentration of the third 

phosphor is 40% to 87%, and the mass ratio of the phosphor D3, the phosphor E2, and 

the phosphor F in the third phosphor is (10 to 40): (10 to 40): (15 to 50). 

[0085] In a further embodiment, the emission wavelengths of the first chip, the 

second chip, and the third chip can be controlled to be 440 nm to 460 nm. The 

concentration of the first phosphor in the first phosphor film is 50% to 80%, and the 

mass ratio of the phosphor A, the phosphor B, and the phosphor D1 in the first 
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phosphor is (5 to 20): (5 to 25): (10 to 40). The concentration of the second phosphor 

in the second phosphor film is 50% to 80%, and the mass ratio of the phosphor C, the 

phosphor D2, and the phosphor E1 in the second phosphor is (10 to 30): (10 to 35): 

(15 to 40). The concentration of the third phosphor in the third phosphor film is 50% 

to 80%, and the mass ratio of the phosphor D3, the phosphor E2, and the phosphor F 

in the third phosphor is (12 to 35): (12 to 35): (15 to 40). 

[0086] In a further embodiment, the emission wavelengths of the first chip, the 

second chip, and the third chip can be controlled to be 452 nm to 455 nm. The 

concentration of the first phosphor in the first phosphor film is 60% to 75%, and the 

mass ratio of the phosphor A, the phosphor B, and the phosphor D1 in the first 

phosphor is (5 to 15): (5 to 20): (10 to 30). The concentration of the second phosphor 

in the second phosphor film is 60% to 75%, and the mass ratio of the phosphor C, the 

phosphor D2, and the phosphor E1 in the second phosphor is (10 to 25): (10 to 30): 

(20 to 40). The concentration of the third phosphor in the third phosphor film is 60% 

to 75%, and the mass ratio of the phosphor D3, the phosphor E2, and the phosphor F 

in the third phosphor is (15 to 30): (15 to 30): (15 to 35). 

[0087] In some embodiments, the red phosphor film of the red LED light source of 

the embodiments of the present application is prepared by a spray coating method, 

and the film thickness of any one of the first phosphor film, the second phosphor film, 

and the third phosphor film can be controlled to be 0.001mm to 0.01mm, and the 

emission wavelength of any one of the first chip, the second chip, and the third chip is 

440 nm to 475 nm. The concentration of the first phosphor in the first phosphor film is 

40% to 87%, and the mass ratio of the phosphor A, the phosphor B, and the phosphor 

D1 in the first phosphor is (3 to 25): (3 to 35): (5 to 50). The concentration of the 

second phosphor in the second phosphor film is 30% to 85%, and the mass ratio of the 

phosphor C, the phosphor D2, and the phosphor E1 in the second phosphor is (7 to 

35): (7 to 40): (10 to 50). The concentration of the third phosphor in the third 

phosphor film is 30% to 85%, and the mass ratio of the phosphor D3, the phosphor 

E2, and the phosphor F in the third phosphor is (10 to 40): (10 to 40): (15 to 50). 

[0088] In a further embodiment, the thicknesses of the first phosphor film, the 

second phosphor film, and the third phosphor film can be controlled to be 0.002 mm 

to 0.006 mm, and the emission wavelengths of the first chip, the second chip, and the 
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third chip are all 440 nm to 460 nm. The concentration of the first phosphor in the 

first phosphor film is 50% to 80%, and the mass ratio of the phosphor A, the phosphor 

B, and the phosphor D1 in the first phosphor is (5 to 20): (5 to 25): (10 to 40). The 

concentration of the second phosphor in the second phosphor film is 40% to 75%, and 

the mass ratio of the phosphor C, the phosphor D2, and the phosphor E1 in the second 

phosphor is (10 to 30): (10 to 35): (15 to 40). The concentration of the third phosphor 

in the third phosphor film is 45% to 75%, and the mass ratio of the phosphor D3, the 

phosphor E2, and the phosphor F in the third phosphor is (12 to 35): (12 to 35): (15 to 

40). 

[0089] In a further embodiment, the thickness of the first phosphor film, the second 

phosphor film, and the third phosphor film can be controlled to be 0.002 mm to 0.003 

mm, and the emission wavelengths of the first chip, the second chip, and the third 

chip are all 452 nm to 455 nm. The concentration of the first phosphor in the first 

phosphor film is 60% to 75%, and the mass ratio of the phosphor A, the phosphor B, 

and the phosphor D1 in the first phosphor is (5 to 15): (5 to 20): (10 to 30). The 

concentration of the second phosphor in the second phosphor film is 60% to 75%, and 

the mass ratio of the phosphor C, the phosphor D2, and the phosphor E1 in the second 

phosphor is (10 to 25): (10 to 30): (20 to 40). The concentration of the third phosphor 

in the third phosphor film is 60% to 69%. In the third phosphor, the mass ratio of the 

phosphor D3, the phosphor E2, and the phosphor F is (15 to 30): (15 to 30): (15 to 

35). 

[0090] In order to make the details and operations of the above embodiments of the 

present application clearly understood by those skilled in the art, and to demonstrate 

the significant improvement in the performance of the red phosphor composition, the 

red phosphor film, and the red LED light source in embodiments of the present 

application, the above technical solutions are illustrated by the following multiple 

examples. 

[0091] 1. Examples of red phosphor compositions 

[0092] Example A1 to Example A9 

[0093] Examples A1 to Example A9 respectively provide a red phosphor 

composition. The red phosphor composition of Example A1 to Example A9 
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comprises: a first phosphor, a second phosphor, and a third phosphor that are 

separately provided, and particle sizes of the first phosphor, the second phosphor, and 

the third phosphor are 10 μm to 25 μm. 

[0094] The first phosphor comprises: a phosphor A, a phosphor B, and a phosphor 

D1. The phosphor A is (Ca,Sr)AlSiN3 with an emission wavelength of 630 nm, the 

phosphor B is (Ca,Sr)AlSiN3 with an emission wavelength of 660 nm, and the 

phosphor D1 is (Ca,Sr)AlSiN3 with an emission wavelength of 720 nm. 

[0095] The second phosphor comprises: a phosphor C, a phosphor D2, and a 

phosphor E1. The phosphor C is (Ca,Sr)AlSiN3 with an emission wavelength of 679 

nm, the phosphor D2 is (Ca,Sr)AlSiN3 with an emission wavelength of 720 nm, and 

the phosphor E1 is (Ca,Sr)AlSiN3 with an emission wavelength of 740 nm. 

[0096] The third phosphor comprises: a phosphor D3, a phosphor E2, and a 

phosphor F. The phosphor D3 is (Ca,Sr)AlSiN3 with an emission wavelength of 720 

nm, the phosphor E2 is (Ca,Sr)AlSiN3 with an emission wavelength of 740 nm, and 

the phosphor F is (Ca,Sr)AlSiN3 with an emission wavelength of 795 nm. 

[0097] The mass ratio of the phosphor A, the phosphor B, and the phosphor D1 in 

the first phosphor, the mass ratio of the phosphor C, the phosphor D2, and the 

phosphor E1 in the second phosphor, and the mass ratio of the phosphor D3, the 

phosphor E2, and the phosphor F in the third phosphor contained in the red phosphor 

compositions of Examples A1 to A9 are shown in Table 1 below. 

[0098] Comparative Example A1 

[0099] This comparative example provides a red phosphor composition, comprising: 

a phosphor A, the phosphor B, and the phosphor D1. The phosphor A, the phosphor B, 

and the phosphor D1 in this comparative example are similar to the phosphor A, the 

phosphor B, and the phosphor D1 in Example A5. The mass ratio of the phosphor A, 

the phosphor B, and the phosphor D1 in this comparative example is shown in Table 1 

below. 

[0100] Comparative Example A2 

[0101] This comparative example provides a red phosphor composition, comprising: 

a phosphor C, a phosphor D2, and a phosphor E1. The phosphor C, the phosphor D2, 
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and the phosphor E1 in this comparative example are the same as the phosphor C, the 

phosphor D2, and the phosphor E1 in Example A5. The mass ratio of the phosphor C, 

the phosphor D2, and the phosphor E1 in this comparative example is shown in Table 

1. 

[0102] Comparative Example A3 

[0103] This comparative example provides a red phosphor composition, comprising: 

a phosphor D3, a phosphor E2, and a phosphor F. The phosphor D3, the phosphor E2, 

and the phosphor F in this comparative example are the same as the phosphor D3, the 

phosphor E2, and the phosphor F in Example A5. In this comparative example, the 

mass ratio of the phosphor D3, the phosphor E2, and the phosphor F is shown in Table 

1. 

Table 1 Mass ratio of components of red phosphor composition 

Mass ratio 

Mass ratio of 

phosphor A (630 

nm), phosphor B 

(660 nm), and 

phosphor D1 (720 

nm) in first 

phosphor blend 

A:B:D1 

Mass ratio of 

phosphor C (679 

nm), phosphor D2 

(720 nm), and 

phosphor E1 (740 

nm) in second 

phosphor blend 

C:D2:E1 

Mass ratio of 

phosphor D3 (720 

nm), phosphor E2 

(740 nm), and 

phosphor F (795 

nm) in third 

phosphor blend 

D3:E2:F 

Example A1 3: 3: 5 7: 7: 10 10: 10: 15 

Example A2 3: 3: 50 7: 7: 50 10: 10: 50 

Example A3 3: 35: 50 7: 40: 50 10: 40: 50 

Example A4 25: 35: 50 35: 40: 50 40: 40: 50 

Example A5 15: 15: 20 20: 20: 25 20: 23: 25 

Example A6 25: 35: 5 35: 40: 10 40: 40: 15 

Example A7 25: 3: 50 35: 7: 50 40: 10: 50 

Example A8 25: 3: 5 35: 7: 10 40: 10: 15 

Example A9 10: 15: 20 18: 20: 30 25: 25: 27 

Comparative 

Example A1 
15: 15: 20 —— —— 

Comparative 

Example A2 
—— 20: 20: 25 —— 

Comparative 

Example A3 
—— —— 20: 23: 25 

[0104] 2. Examples of red phosphor films 

[0105] Example B1 to Example B9 
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[0106] Example B1 to Example B9 provide red phosphor films, respectively. The 

red phosphor films of Example B1 to Example B9 comprise: a first phosphor film, a 

second phosphor film, and a third phosphor film, the first phosphor film comprises a 

film-forming material silica gel and a first phosphor, the second phosphor film 

comprises a film-forming material silica gel and a second phosphor, and the third 

phosphor film comprises a film-forming material silica gel, and a third phosphor. 

[0107] In Example B1, the first phosphor contained in the first phosphor film is the 

first phosphor in Example A1, the second phosphor contained in the second phosphor 

film is the second phosphor in Example A1, and the third phosphor contained in the 

third phosphor film is the third phosphor in Example A1. In Example B2, the first 

phosphor contained in the first phosphor film is the first phosphor in Example A2, the 

second phosphor contained in the second phosphor film is the second phosphor in 

Example A2, and the third phosphor contained in the third phosphor film is the third 

phosphor in Example A2. This pattern continues accordingly. In Example B9, the first 

phosphor contained in the first phosphor film is the first phosphor in Example A9, the 

second phosphor contained in the second phosphor film is the second phosphor in 

Example A9, and the third phosphor contained in the third phosphor film is the third 

phosphor in Example A9. 

[0108] In the red phosphor films of Examples B1 to B9, the film thicknesses of the 

first phosphor film, the second phosphor film, and the third phosphor film, the 

concentration of the first phosphor film in the first phosphor film, the concentration of 

the second phosphor film in the second phosphor film, and the concentration of the 

third phosphor film in the third phosphor film are detailed in Table 2. 

[0109] Comparative Example B1 

[0110] This comparative example provides a red phosphor film. The red phosphor 

film of this comparative example is prepared by a film pressing method, with a film 

thickness of 0.20 mm, including a silica gel and a red phosphor composition, the 

concentration of the red phosphor composition is 50%, and the red phosphor 

composition is the red phosphor composition provided by Comparative Example A1. 

[0111] Comparative Example B2 

[0112] This comparative example provides a red phosphor film. The red phosphor 
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film of this comparative example is basically the same as the red phosphor film of 

Comparative Example B1, except that the red phosphor composition in this 

comparative example is the red phosphor composition provided by Comparative 

Example A2. 

[0113] Comparative Example B3 

[0114] This comparative example provides a red phosphor film. The red phosphor 

film of this comparative example is basically the same as the red phosphor film of 

Comparative Example B1, except that the red phosphor composition in this 

comparative example is the red phosphor composition provided by Comparative 

Example A3. 

Table 2 Thickness of red phosphor film and phosphor concentration parameters 

Item 
Film-

formi

ng 

meth

od 

First phosphor film 
Second phosphor 

film 

Third phosphor 

film 

 

Thickn

ess 

(mm) 

Concentra

tion (%) 

Thickn

ess 

(mm) 

Concentra

tion (%) 

Thickn

ess 

(mm) 

Concentra

tion (%) 

Example 

B1 

Film 

pressi

ng 

0.06 40 0.06 40 0.06 40 

Example 

B2 

Film 

pressi

ng 

0.10 87 0.10 87 0.10 87 

Example 

B3 

Film 

pressi

ng 

0.20 50 0.20 50 0.20 50 

Example 

B4 

Film 

pressi

ng 

0.04 75 0.04 75 0.04 75 

Example 

B5 

Film 

pressi

ng 

0.10 65 0.10 65 0.10 65 

Example 

B6 

Spray 

coati

ng 

0.001 40 0.001 30 0.001 30 

Example 

B7 

Spray 

coati

ng 

0.01 87 0.01 85 0.01 85 

Example 

B8 

Spray 

coati
0.006 50 0.006 50 0.006 50 
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ng 

Example 

B9 

Spray 

coati

ng 

0.002 65 0.002 65 0.002 65 

Compara

tive 

Example 

B1 

Film 

pressi

ng 

0.20 50 — — — — 

Compara

tive 

Example 

B2 

Film 

pressi

ng 

0.20 50 — — — — 

Compara

tive 

Example 

B3 

Film 

pressi

ng 

0.20 50 — —   

[0115] 3. Examples of red LED light source 

[0116] Example C1 to Example C9 

[0117] Example C1 to Example C9 provide red LED light sources, which comprise: 

a first light-emitting unit, a second light-emitting unit, and a third light-emitting unit. 

[0118] The first light-emitting unit comprises a first chip and a first phosphor film, 

the second light-emitting unit comprises a second chip and a second phosphor film, 

and the third light-emitting unit comprises a third light-emitting chip and a third 

phosphor film. The emission wavelengths of the first chip, the second chip, and the 

third chip are shown in Table 3 below. 

[0119] In Example C1, the first phosphor film is the first phosphor film in Example 

B1, the second phosphor film is the second phosphor film in Example B1, and the 

third phosphor film is the third phosphor film in Example B1; in Example C2, the first 

phosphor film is the first phosphor film in Example B2, the second phosphor film is 

the second phosphor film in Example B2, and the third phosphor film is the third 

phosphor film in Example B2; this pattern continues accordingly, in Example C9, the 

first phosphor film is the first phosphor film in Example B9, the second phosphor film 

is the second phosphor film in Example B9, and the third phosphor film is the third 

phosphor film in Example B9. 

[0120] Comparative Example C1 
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[0121] This comparative example provides a red LED light source. The red LED 

light source of this comparative example comprises a light-emitting unit, which 

comprises a chip and a red phosphor film arranged in the light-emitting path of the 

chip. The red phosphor film is the red phosphor film provided in Comparative 

Example B1, and the emission wavelength of the chip is 452 nm. 

[0122] Comparative Example C2 

[0123] This comparative example provides a red LED light source. The red LED 

light source of this comparative example is basically the same as the red LED light 

source of Comparative Example C1, except that the red phosphor film of this 

comparative example is the red phosphor film provided by Comparative Example B2. 

[0124] Comparative Example C3 

[0125] This comparative example provides a red LED light source. The red LED 

light source of this comparative example is basically the same as the red LED light 

source of Comparative Example C1, except that the red phosphor film of this 

comparative example is the red phosphor film provided by Comparative Example B3. 

Table 3 Emission wavelengths of first chip, second chip, and third chip 

Red LED light 

source 
Emission wavelength (nm) 

 First chip Second chip Third chip 

Example C1 440 440 440 

Example C2 460 460 460 

Example C3 475 475 475 

Example C4 452 455 458 

Example C5 452 452 452 

Example C6 440 440 440 

Example C7 460 460 460 

Example C8 475 475 475 

Example C9 452 452 452 

Comparative 

Example C1 
452 — — 

Comparative 

Example C2 
452 — — 

Comparative 

Example C3 
452 — — 

[0126] Spectral test of the light sources: 
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[0127] The red LED light sources provided by the above-mentioned Examples C1 to 

C9 and Comparative Examples C1 to C3 were subjected to spectral tests respectively. 

[0128] The test results are shown in FIGS. 2-13. The spectrum diagrams of the light 

sources in Examples C1 to C9 are shown in FIGS. 2-10, and the spectrum diagrams of 

the light sources in Comparative Examples C1 to C3 are shown in FIGS. 11-13. 

[0129] As shown in FIGS. 2-10, the red light generated by the red LED light sources 

provided by Examples C1 to C9 of the present application has a flat peak shape in a 

wide band before and after the peak, and the absolute spectrum of the red light in this 

band is close to the maximum absolute spectrum value of the red light (such as the 

optical power or absolute relative spectrum value of this band is greater than or equal 

to 80% of the maximum optical power or the maximum absolute relative spectrum 

value). During physiotherapy, the red light in this band can produce a physiotherapy 

effect, and this band is an effective band. The effective band of red light 

physiotherapy produced by the red LED light sources provided by Examples C1 to C9 

is wide, and the physiotherapy effect is good. 

[0130] As shown in FIGS. 11 to 13, the red lights generated by the red LED light 

sources of Comparative Examples C1 to C3 have a steep peak shape before and after 

the peak, and the peak is narrow and sharp. As the wavelength increases, the absolute 

spectral value or optical power of the red light increases rapidly, and the absolute 

spectral value or optical power decreases rapidly after reaching the maximum value. 

The maximum absolute spectral value or optical power of the red light is significantly 

different from the absolute spectral value or optical power at other wavelengths. Only 

the spectral value or optical power within a very narrow band before and after the 

peak is similar to the maximum absolute spectral value or optical power. During 

physiotherapy, only the red light within a very narrow band before and after the peak 

can produce a physiotherapy effect, and the physiotherapy effect is not good. The 

effective band of the red light physiotherapy generated by the red LED light sources 

provided by Comparative Examples C1 to C3 is narrow, and the physiotherapy effect 

is not good. 
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What is claimed is:  

1. A red phosphor composition, wherein 

the red phosphor composition comprises: a first phosphor, a second phosphor, 

and a third phosphor; 

wherein, the first phosphor comprises: a phosphor A, a phosphor B, and a 

phosphor D1; 

the second phosphor comprises: a phosphor C, a phosphor D2, and a phosphor 

E1; 

the third phosphor comprises: a phosphor D3, a phosphor E2, and a phosphor 

F; 

an emission wavelength of the phosphor A is 600 nm to 640 nm; 

an emission wavelength of the phosphor B is 650 nm to 660 nm; 

an emission wavelength of the phosphor C is 670 nm to 700 nm; 

emission wavelengths of the phosphor D1, the phosphor D2, and the phosphor 

D3 are independently 710 nm to 730 nm; 

emission wavelengths of the phosphor E1, the phosphor E2, and the phosphor 

F are independently greater than 730 nm and less than or equal to 800 nm; 

in the first phosphor, a mass ratio of the phosphor A, the phosphor B, and the 

phosphor D1 is (3 to 25) : (3 to 35) : (5 to 50); 

in the second phosphor, a mass ratio of the phosphor C, the phosphor D2, and 

the phosphor E1 is (7 to 35) : (7 to 40) : (10 to 50); 

in the third phosphor, a mass ratio of the phosphor D3, the phosphor E2, and 

the phosphor F is (10 to 40) : (10 to 40) : (15 to 50); 

particle sizes of the first phosphor, the second phosphor, and the third 

phosphor are independently less than or equal to 50 μm; and/or 

at least one of the first phosphor, the second phosphor, and the third phosphor 

is provided separately from other two phosphors. 
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2. A red phosphor film, wherein the red phosphor film comprises: a first phosphor 

film, a second phosphor film, and a third phosphor film; wherein: 

a material of the first phosphor film comprises: a first film-forming material, 

and the first phosphor contained in the red phosphor composition of claim 1 and 

dispersed in the first film-forming material; 

a material of the second phosphor film comprises: a second film-forming 

material, and a second phosphor contained in the red phosphor composition of claim 1 

and dispersed in the second film-forming material; and 

a material of the third phosphor film comprises: a third film-forming material, 

and a third phosphor contained in the red phosphor composition of claim 1 and 

dispersed in the third film-forming material. 

 

3. The red phosphor film of claim 2, wherein in the first phosphor film, the first 

phosphor accounts for 40% to 87% of a total mass of the first phosphor and the first 

film-forming material; and/or 

in the second phosphor film, the second phosphor accounts for 30% to 87% of 

a total mass of the second phosphor and the second film-forming material; and/or 

in the third phosphor film, the third phosphor accounts for 30% to 87% of a 

total mass of the third phosphor and the third film-forming material; and/or 

at least one of the first phosphor film, the second phosphor film, and the third 

phosphor film is provided separately from other two phosphor films. 

 

4. The red phosphor film of claim 2 or 3, wherein 

any one of the first phosphor film, the second phosphor film, and the third 

phosphor film is prepared by a film pressing method; and/or 

a film thickness of any one of the first phosphor film, the second phosphor 

film, and the third phosphor film is 0.06 mm to 0.6 mm. 
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5. The red phosphor film according to claim 2 or 3, wherein 

any one of the first phosphor film, the second phosphor film, and the third 

phosphor film is prepared by a spray coating method; and/or 

a film thickness of any one of the first phosphor film, the second phosphor 

film, and the third phosphor film is 0.001 mm to 0.01 mm. 

 

6. A red LED light source, comprising: a light-emitting unit, the light-emitting unit 

comprising: a chip, and a red phosphor film arranged on an optical path of the chip, 

and the red phosphor film is the red phosphor film according to any one of claims 2-5. 

 

7. The red LED light source according to claim 6, wherein the red LED light source 

comprises the following three light-emitting units: 

a first light-emitting unit, wherein the first light-emitting unit comprises: a first 

chip, and the first phosphor film arranged on an optical path of the first chip; 

a second light-emitting unit, wherein the second light-emitting unit comprises: 

a second chip, and the second phosphor film arranged on an optical path of the second 

chip; 

a third light-emitting unit, wherein the third light-emitting unit comprises: a 

third chip, and the third phosphor film arranged on an optical path of the third chip. 

 

8. The red LED light source of claim 7, wherein an emission wavelength of any one 

of the first chip, the second chip, and the third chip is 440 nm to 475 nm. 

 

9. The red LED light source of claim 8, wherein 

in the first light-emitting unit, the emission wavelength of the first chip is 440 

nm to 460 nm, and a mass ratio of the phosphor A, the phosphor B, and the phosphor 

D1 in the first phosphor contained in the first phosphor film is (5 to 25) : (5 to 25) : 
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(10 to 40), and the first phosphor accounts for 50% to 80% of a total mass of the first 

phosphor and the first film-forming material; and/or 

in the second light-emitting unit, the emission wavelength of the second chip 

is 440 nm to 460 nm, and the mass ratio of the phosphor C, the phosphor D2, and the 

phosphor E1 in the second phosphor contained in the second phosphor film is (10 to 

30) : (10 to 35) : (15 to 40), and the second phosphor accounts for 50% to 80% of a 

total mass of the second phosphor and the second film-forming material; and/or 

in the third light-emitting unit, the emission wavelength of the third chip is 

440 nm to 460 nm, and the mass ratio of the phosphor D3, the phosphor E2, and the 

phosphor F in the third phosphor contained in the third phosphor film is (12 to 35) : 

(12 to 35) : (15 to 40), and the second phosphor accounts for 50% to 80% of a total 

mass of the third phosphor and the third film-forming material. 


