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Abstract. The traditional low infrared emissivity materials do not have the infrared spectrally 

selective low emissivity characteristic, it brings the problem of compatibility of the infrared stealth 

and heat radiation. With the help of the one-dimensional photonic crystal(1DPC), selecting the 

infrared window material Ge and MgF2 to compose the 1DPC, and designing the infrared stealthy 

coating based on the structure of 1DPC. The results indicates that the wavelength-selective emission 

manipulated can be realized by constructing the one-dimensional heterostructure photonic 

crystal(1DHPC), the spectral emissivity in the atmospheric windows of 3.0~5.0μm and 8.0~14.0μm 

can be as low as 0.10 and 0.08 respectively, and the spectral emissivity in the non- atmospheric 

windows of 5.0~8.0μm can be as high as 0.87. This kind of infrared stealthy coating with infrared 

spectrally selective low emissivity is promising for unifying the infrared stealth and radiation, and is 

to better realize the infrared stealth. 

Introduction 

As the development of the infrared detections in the modern warfare, the application of stealth 

technology is more and more widely. It may hinge the success or failure of the war. Among the 

various kinds of stealth technology, the infrared stealth is one of the important measure. The 

concept of the infrared stealth is to eliminate or reduce the difference of the radiation characteristics 

in the atmospheric windows of 3.0~5.0μm and 8.0~14.0μm [1,2]. 

According to the Stefan-Boltzman’s equation [3]:  

M = εσT
4
.                                                                                                                                        (1)  

There are two different approaches to reduce the intensity of the infrared radiation and realize the 

infrared stealth theoretically: reducing the emissivity or the temperature of the military target. 

Nowadays, the traditional low infrared emissivity coatings, which have the low infrared emissivity 

in both the atmospheric windows and non-atmospheric windows have been extensively applied 

[4,5]. This kind of materials certainly meet the requirements of infrared stealth, however the low 

infrared emissivity in the whole infrared band may influence the efficiency of heat radiation, the 

immediate effect is the rise of temperature. According to Eq. 1, the rise of the temperature may also 

lead to the increase of the infrared radiation intensity and enhance the detectability of the targets. 

For the traditional low infrared emissivity coatings, it is hard to unify the infrared stealth and the 

heat radiation. Therefore, it is important to develop infrared spectrally selective low emissivity 

materials, which have low emissivity in the atmospheric windows of 3.0~5.0μm and 8.0~14.0μm to 

achieve infrared stealth and high emissivity in the non-atmospheric window of 5.0~8.0μm to 

achieve the heat radiation [6-8]. 

One-dimensional photonic crystal (1DPC) is made up of two kinds of materials with different 

refractive indices. The essential characteristic of the 1DPC is the existence of the photon forbidden 

band. The concept of one-dimensional heterostructure photonic crystal (1DHPC) is composed of 

two different kinds of 1DPCs. They can show two strong reflection peaks in two different 

wavelength ranges. These characteristics provides us a new method to design infrared spectrally 
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selective low emissivity materials. Therefore, 1DHPC is promising for unifying the infrared stealth 

and heat radiation. 

The Stealth Principle of Photonic Crystals 

The essential characteristic of the 1DPC is the existence of the photon forbidden band as above 

stated. If the frequency of electromagnetic waves are located within the photon forbidden band, the 

electromagnetic waves cannot spread in the 1DPC. That means the photonic band gap not only can 

restrain the spontaneous radiation of the forbidden band frequency, but also can enhance the 

spontaneous radiation of the pass band. The high-reflection photon forbidden band can be removed 

by adjusting the period size of the 1DPC, and the forbidden band can broaden by constructing the 

1DHPC. It is exactly based on this characteristic that the 1DPC can be selected as the infrared 

spectrally selective low emissivity material. 

Structure Design 

With the aid of the structure of 1DPC, this passage designed the infrared stealth coating. The 

structure of the coating is shown in Fig. 1, the 1DPC is the critical factor to realize the infrared 

spectrally selective low emissivity. We selected the Si as the substrate in this passage. 

 

Fig. 1 Microstructure model of the coating. 

The requirement of the 1DPC with infrared spectrally selective low emissivity is: low emissivity 

in the atmospheric windows of 3.0~5.0μm and 8.0~14.0μm (infrared stealth), and high emissivity in 

the non-atmospheric windows of 5.0~8.0μm (heat radiation). The current design is targeted only in 

3.0~14.0μm. 

The 1DPC is composed of the high and low refractive index materials. In this passage, Ge/MgF2 

was prepared to make up the 1DPC, Ge was selected as a high refractive index material, whose 

refractive index is 4.02; MgF2 was selected as a low refractive index material, whose refractive 

index is 1.35. 

It would be specially mentioned that, according to the Kirchoff’s law [9], the relationship 

between the transmittance(T), reflectivity(R) and the infrared emissivity(ε) can be expressed as:  

T + R + ε = 1.                                                                                                                                  (2) 

In this passage, because the 1DPC consists of several layers, the transmittance can be seen as 

zero. That means the infrared emissivity can be expressed as: ε ≈ 1-R.  
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Calculation Model 

The reflection speciality is studied with the help of the characteristic matrix method. According 

to the theory of thin-film calculation, for the Jth level of the medium, the characteristic matrix is: 

   =  
      

 

  
     

              
                                                                                                         (3) 

In the  Eq. 3,   =           ;     
ε 

μ 
     ;      stands for the optical thickness; k0=2π/λ0 

stands for the wave number of incident light in vacuum; λ0 means the wavelength of the incident 

light;  j stands for the angle of the light and the interface normal direction. For the 1DPC with the 

periods of N, its characteristic matrix can be expressed as: 

M =    
 
    =  

      
      

                                                                                                             (4) 

The reflection coefficient of the 1DPC can be expressed as: 

r = 
                       

                       
                                                                                                         (5) 

In Eq. 5,     
ε 

μ 
      ;     

ε 

μ 
     ;ε1,μ1,εL,μL represent the dielectric constant and 

magnetic conductivity of the 1DPC’s left and right borders respectively;  1 L represent the angle 

between the direction of the 1DPC’s incident and transmitted wave and the normal direction of the 

surface.   

The reflectivity can be expressed as: 

R =    2                                                                                                                                            (6) 

Results and Discussion 

Firstly, for the 3.0~5.0μm band, we designed the 1DPC(A) with the central wavelength λ0 is 

4.0μm, and the optical thickness of each layer is λ0/4. The structure of 1DPC(A) can be expressed 

as Sub|(HL)
^4

|Air, which H and L stand for the high refractive index material Ge and low refractive 

index material MgF2(the same below). And the curve of spectral reflectivity is shown in Fig. 2. 

After that, we designed the 1DPC(B) with the central wavelength λ0 is 11.0μm. and the optical 

thickness of each layer is also λ0/4. The structure of 1DPC(B) was the same with 1DPC(A). And the 

curve of spectral reflectivity is shown in Fig. 3. 

From Fig. 2 and Fig. 3 we can see that the high reflection region do not cover both of the 

atmospheric windows(3.0~5.0μm and 8.0~14.0μm), it do not meet the requirement of our design 

obviously. The one-dimensional heterostructure photonic crystal (1DHPC) can help us to solve the 

problem. we stacked up the 1DPC(A) and 1DPC(B), the structure can be expressed as 

Sub|(HL)
^4

(HL)
^4

|Air, and the curve of spectral reflectivity is shown in Fig. 4. We can clearly see 

that in the atmospheric windows of 3.0~5.0μm and 8.0~14.0μm, the reflectivity can be as high as 1, 

but in the non-atmospheric windows of 5.0~8.0μm, the average reflectivity was also as high as 0.65, 

this result may lead to the inefficiency of heat radiation. 
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Fig. 2 The Spectral reflectivity of the 1DPC(A) Fig. 3 The Spectral reflectivity of the 

1DPC(B) 

Characteristic matrix is the mainly method to design the optical film [10].Considering the 

complexity of conducting film design and the better effect of the selective low emissivity, the 

method of computer simulation was adopted in the optimization design by TFCalc in this passage. 

The initial structure of 1DHPC (Sub|(HL)
^4

(HL)
^4

|Air) was imported into the TFCalc, the design of 

the 1DHPC were improved with the thickness as a variable. After the analyses and design, the 

structure of the 1DHPC is: 

Sub|0.9H0.15L0.18H0.15L0.38H0.73L0.54H0.34L|Air, the thickness of each layer is shown in 

Table 1, and the curve of spectral reflectivity is shown in Fig. 5:  

Tab. 1 The single layer’s thickness of the 1DHPC as-designed by TFCalc 

Layer 1 2 3 4 5 6 7 8 

Material Ge MgF2 Ge MgF2 Ge MgF2 Ge MgF2 

Thickness(nm) 485.0 235.0 95.0 230.0 210.0 1130.0 300.0 520.0 

  

Fig. 4 The Spectral reflectivity of the 

1DHPC as-designed 

Fig. 5 The Spectral reflectivity of the1DHPC 

as-designed by the TFCalc 
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Conclusions 

In summary, Ge/MgF2 was prepared to make up the one-dimensional photonic crystal(1DPC). 

The forbidden band was broaden by constructing the one-dimensional heterostructure photonic 

crystal(1DHPC), and the characteristic of infrared spectrally selective low emissivity was designed 

just based on the 1DHPC. The reflection spectra of the 1DPC was calculated by characteristic 

matrix method of thin-film optical theory and then optimized by TFCalc. The results shows that the 

as-prepared Ge/MgF2 one-dimensional heterostructure photonic crystal has high reflectivity (low 

infrared emissivity) in the atmospheric windows of 3.0~5.0μm and 8.0~14.0μm, and low 

reflectivity (high infrared emissivity) in the non-atmospheric window of 5.0~8.0μm. Therefore, the 

Ge/MgF2 one-dimensional heterostructure photonic crystal can achieve the target of infrared stealth 

and heat radiation simultaneous by the atmospheric windows and non-atmospheric window. It 

provides a new and better way to the realization of the infrared stealth. 
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