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ABSTRACT 
In the present work omnidirectional dielectric mirror have been theoretical designed. These mirrors are most widely used in 
modern optical laser system. This design based on quarter-wave stack and consist of two material Lead telluride (PbTe) and 
Zinc sulfide (ZnS) as high and low refractive index respectively to deposited on germanium (Ge) as a substrate to operate at 
oblique incidence in the range from 7000 to 17000 nm at the wavelength design 10000 nm. The effect of angle incidence on the 
reflectance for suggested design are investigated. At normal incidence, results showed that the reflectance approximately  ~ 
100 % and decrease with increasing angle of incidence with shifting for both TE and TM  polarizations toward shorter 
wavelengths. 
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1. INTRODUCTION 
Omnidirectional dielectric mirror is a mirror perfectly reflecting at all the angles of incidence and for both TE and TM  
polarizations with wide spectral range [1,2]. At a sharp boundary between two media, there are simple relationships that 
must be obeyed between the fields on the two sides. The components of the electric and magnetic fields (E and H) parallel 
to the surface are equal on the two sides, whereas the normal components of  D and B must likewise be continuous. 
Application of the boundary conditions allows us to derive reflection and transmission coefficients for electromagnetic 
waves [3]. The multilayer optical coating usually consists of a stack of several layers of non-absorbing dielectric materials 
with different refractive indices. The reflectance of such a film depends on the constructive or destructive interference of 
light reflected at successive boundaries of different layers of the multilayer stack. Multilayer optical thin film coatings 
have been extensively used for reflectivity modulation in various optical and optoelectronic components, such as displays; 
camera lenses mirrors, and lighting for dental, surgical, and stage environments; heat reflectors for movie projectors; 
instrumentation  beam splitters and mirrors, laser windows, and polarizer's  optics of photocopiers and compact disks 
optical communications; home appliances, such as heat reflecting oven windows rear-view mirrors for automobiles [4, 5]. 
Also,  Lead telluride (PbTe) makes a good candidate material for photo detectors in the mid- and far-infrared bands and 
mid-infrared quantum well laser diode because of high quantum efficiencies [6]. In  recent  years,  several theoretical and  
experimental studies have  focused on the  electronic properties of Zinc sulfide (ZnS) semiconductor largely motivated by 
the potential applications of these materials in Optoelectronic devices, particularly blue-green lasers and in technological 
applications mainly in the field of optical devices [7]. In this study,  lead telluride and  zinc sulfide are used as the high- 
index and low- index components of periodic multilayer mirror to design of omnidierictional mirrors depending on 
characteristic matrix method using germanium (Ge) as a substrate. 
 
2. THEORITCAL BASIS  
Suppose that a plane electromagnetic wave with wave-vector k and electric field amplitude Eo is incident on a plane 
surface separating isotropic media with refractive indices n1 and n2. Figure (1) shows the geometry of this situation. The 
plane containing the incident wave-vector k , the reflected and transmitted wave - vector and the normal  is the (x, z) 
plane, and the vector  is along the z-direction [3].  
 

 
Figure 1:  Incident, reflected and transmitted waves [3]. 
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The Fresnel amplitude reflection coefficient (r) for an interface between two non-absorbing media at normal incidence 
can be represented by the following equation [8]: 
 

                           ….(1)     
 

where   are the (real) indices of refraction of the two media. These expression can be used to compute the 
variation of reflectance of simple boundaries between extended media. We simply have to ensure that calculations of 
reflectance are carried out in a transparent medium. With this restriction, then, we have [9]. 
 
 

    ….(2) 
 

Where y is known as the characteristic optical admittance of the medium,   and   The admittance of free space 
[9]. And when Oblique incidence in absorbing media ,Thus the amplitude coefficients and reflection  become as before: 
 

 

 
  ….(3)   

 
Where  is The tilted optical admittance [6]. A high reflectance coating can be designed by using dielectric quarter-wave 
stack of alternate high –and low- refractive index materials .If and  are the indices of the high- and low-index layers 
and if the stack is arranged, the high-index layers are outermost at both sides. The transformation matrix for a stack of N 
pairs of quarter-wave layers of high and low refractive index materials can be expressed in the form [4]: 
     

 
Where 

  ….(4) 
 

therefore, 

 =         ….(5)                 

 

where the normal incidence was assumed to be: 

 

 
 

where  (t) is the thickness ,  cos  and    cos   in the process of wave propagation through an 
N layer stack. nʜ ,nL are indices of the high and low index layers, where ɵ,  are  the angle of reflection and angle of 
refraction , ,   and      as shown in figure(2)[5]. 

 
Figure. 2: shows the N layer stack [12]. 
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The coefficients  can be calculated  for either state of polarization from the knowledge of indices of refraction of the 
films and angles of refraction in each film.  
The reflectance of an assembly of thin films describe by the characteristic matrix is simply the product of the individual 
matrices taken in the correct order [9].  

  ….(6) 

Where                   
        

  
 

 
3. RESULTS AND DISCUSION 
We design  a computer program to calculate reflectance for  the suggestion design       [Air | (LH)N| Ge]  within  middle 
infrared (MIR) region in the 7000- to 17000-nm at wavelength design 휆ₒ=10600 nm,  where  H and L are materials with 
high and low refractive index. For the numerical calculation, we used Lead telluride (PbTe) as the  high refractive index 
(n=5.5) and Zinc sulfide (ZnS)  as low refractive index (n=2.2) materials .and we used Germanium (Ge) with refractive 
index (n=4) as the substrate. Figure (3) shows the reflectance as a function of wavelength for three different suggestion 
designs in normal incidence using PbTe and ZnS as coating materials deposited on Ge as a substrate, It's clear that  the  
reflectance of design  [Air | (LH)5| Ge] is very high ( R~100 % ). While the reflectance of the other two designs [Air |LH| 
Ge] and [Air | (LH)3| Ge] are low. This reason can interpretation as follow, when the number of layers increase the 
reflectance increase. figure (4) shows reflectance as a function of number of layers. 

 
Figure 3: Reflectance as a function wavelength at normal incidence for three design: 

(a) Air | LH | Ge, (b) Air  |  (LH)3 | Ge and  (c) Air  | (HL)5  | Ge 
 

 
Figure 4: Reflectance as a function of number of layers 

 
The effect angle of incidence on reflectance spectrum as a function of wavelength for the suggested design [Air | (LH)N| 
Ge] as shown in figure (5 and 6).  It can be seen that when angle of incidence increase the reflectance decrease with 
shifting of design wavelength (휆ₒ) of both reflection bands (S and P modes) to shorter wavelength region as a result of 
changing of thickness of layers due to the oblique incidence. As the incident angle increases the admittance of TE 
polarization increases and that of TM polarization decreases. So the reflection bandwidth of  TE polarization is wider 
than that at normal incidence, and that of TM polarization is narrower as shown in table (1). Therefore, for high 
incident angles at design wavelength (λo), the reflectance of TM-mode may be quite low in contrast to the high 
reflectance of TE-polarized light. 
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Figure 5:  Reflectance as function of wavelength for the design: Air | (LH)5| Ge,  at oblique incidence (a)- θ=10 o, 
(b)- θ=20 o, (c)- θ=30 o ,(d)- θ=40 o, (e)- θ=50 o and  (d)- θ=60o, nL =2.2,  nH =5.5,  nsub=4.0, λo=10.6 µm,  nLdL= 
nHdH= o/4 

                                     
Figure 6:  Reflectance as function of wavelength for the design: Air | (LH)5| Ge,  at oblique incidence (g)- θ=70 

o, and  (h)- θ=80o, nL =2.2,  nH =5.5,  nsub=4.0, λo=10.6 µm,  nLdL= nHdH= o/4 
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Table 1: Reflectance of TE and TE-mode with angle of incidence (10o-80o).  
FWHM of   TM-mode 

(nm) 
FWHM of   TE-mode 

(nm) 
Angle of incidence 

(deg.) 
   

7978 7978 0 
7944 7949 10 
7839 8041 20 
8039 8054 30 
7454 8100 40 
7154 8154 50 
6904 8196 60 
6670 8264 70 
6314 8314 80 

 
4. CONCLUSION  
The study of reflectance as a function of wavelength of three different suggestion designs in normal incidence using PbTe 
and ZnS as coating materials deposited on Ge as a substrate showed that the suggestion design [Air | (LH)5| Ge] is the 
best one with high reflectance (R~100 %), also the effect of incident angle on the reflectance spectrum showed that the 
reflectance decrease with shifting of design wavelength (λₒ) of both reflection bands (S and P polarization) to shorter 
wavelength. 
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