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Graphical/Tabular Abstract (Grafik Özet) 

The invention of photon sieves and the integration of apodization into these sieves have introduced 

significant design flexibility in diffractive optical elements (DOEs), enabling the regulation of 

secondary maxima in the intensity distribution. Unlike conventional methods, this study applies 

apodization to phase-type photon sieves using metallic structures, which not only adjusts intensity 

distributions (Figure A a)) but also enhances electromagnetic interference (EMI) shielding (Figure A 

b)). / Foton eleklerinin icadı ve bu eleklere apodizasyonun entegre edilmesi, kırınımlı optik 

elemanlarda (DOE'ler) önemli tasarım esnekliği sunarak şiddet dağılımındaki ikincil maksimumların 

düzenlenmesini sağlamıştır. Geleneksel yöntemlerin aksine, bu çalışma, yalnızca yoğunluk 

dağılımlarını ayarlamakla kalmayıp (Şekil A a)) aynı zamanda elektromanyetik girişim (EMI) 

kalkanlamasını da geliştiren (Şekil A b)) metalik yapılar kullanarak faz tipi foton eleklerine 

apodizasyonu uygular. 

  
a) Comparison of intensity distributions b) Comparison of shielding effectiveness 

Figure A: Comparsion of apodized phase photon sieves with phase photon sieves / Şekil A: 

Apodize faz foton eleklerinin faz foton elekleri ile karşılaştırılması 

Highlights (Önemli noktalar)  

➢ Validation of the apodized phase photon sieves by comparison with equivalent phase photon 

sieves. / Eşdeğer faz foton elekleri ile karşılaştırılarak apodize faz foton eleklerinin 

doğrulanması. 

➢ Comparison of EMI shielding with non-metallic structure. / EMI kalkanlamasının metallik 

olmayan yapı ile karşılaştırılması. 

➢ A novel electro optical system design approach incorporating a two-regional diffractive 

optical element. / İki bölgeli kırınım optik elemanını bünyesinde barındıran yeni bir elektro-

optik sistem tasarım yaklaşımı. 

Aim (Amaç): This study aims to design an apodized phase photon sieve using metallic structures, 

which not only regulates secondary maxima but also provides shielding effectiveness in a novel 

electro-optical system. / Bu çalışmada, metalik yapılar kullanılarak, hem ikincil maksimumları 

düzenleyen hem de yeni bir elektro-optik sistemde kalkanlama etkinliği sağlayan apodize faz foton 

eleği tasarımı amaçlanmıştır. 

Originality (Özgünlük): A novel design methodology for an electro-optical system is introduced, 

utilizing apodized phase photon sieves with metallic structure for the first time.. / İlk kez metalik 

yapıya sahip apodize faz foton eleklerini kullanan bir elektro-optik sistem için yeni bir tasarım 

metodolojisi tanıtılmaktadır.  

Results (Bulgular): Electromagnetic simulations have demonstrated that apodized phase photon 

sieves with a metallic structure exhibit improved shielding effectiveness.. / Elektromanyetik 

simülasyonlar, metalik yapıya sahip apodize faz foton eleklerinin gelişmiş kalkanlama etkinliği 

sergilediğini göstermiştir. 

Conclusion (Sonuç): An innovative design approach incorporating apodized phase photon sieves 

with  metallic structure is proposed. The effectiveness of this design was validated through 

comparative analyses in both optical and electromagnetic bands../ Metalik yapıya sahip apodize faz 

foton eleklerini içeren yenilikçi bir tasarım yaklaşımı önerilmiştir. Bu tasarımın etkinliği, hem optik 

hem de elektromanyetik bantlarda karşılaştırmalı analizler yoluyla doğrulanmıştır. 
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Abstract 

As a result of the invention of photon sieves and the implementation of apodization to these 

sieves, significant design freedom has been achieved in diffractive optical elements (DOEs). 

Thanks to this freedom, secondary maxima in the intensity distribution can be reduced relative to 

the same photon sieves without apodization. 

In this study, unlike traditional methods, applying apodization to phase types of photon sieves 

using metallic structures is discussed. Thus, not only intensity distributions are adjusted, but also 

electromagnetic interference (EMI) shielding is achieved. For this purpose, an Apodized Multi-

focal Diffractive Lens (AMDL), which can be defined as a hybrid lens, was designed within the 

scope of this study, and its results were compared with its alternative, Multi-focal Diffractive 

Lens (MDL). During the design stage, simulations were carried out on two different bands. While 

the simulations in the optical band were performed using optical wave propagation, the 

simulations in the RF band were carried out using CST software, and the results were shared. As 

can be seen from the results, the secondary maxima in the intensity distribution was reduced due 

to the apodization, and EMI protection was also achieved. 

This study will contribute to the development of lenses designed for two different purposes called 

hybrid lens in this research. 
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Öz 

Foton eleklerinin icadı ve bu eleklere apodizasyonun uygulanması sonucunda kırınımlı optik 

elemanlarda (DOE) önemli tasarım özgürlüğü elde edilmiştir. Bu özgürlük sayesinde şiddet 

dağılımındaki ikincil maksimumlar, apodizasyonsuz aynı foton eleklerine göre 

azaltılabilmektedir. 

Bu çalışmada, geleneksel yöntemlerden farklı olarak, metalik yapılar kullanılarak foton 

eleklerinin faz tiplerine apodizasyonun uygulanması ele alınmıştır. Böylece, sadece şiddet 

dağılımları ayarlanmakla kalınmamış, aynı zamanda elektromanyetik girişim (EMI) koruması da 

sağlanmıştır. Bu amaçla, bu çalışma kapsamında hibrit lens olarak tanımlanabilecek Apodize Çok 

Odaklı Kırınımlı Lens (AMDL) tasarlanmış ve sonuçları alternatifi Çok Odaklı Kırınımlı Lens 

(MDL) ile karşılaştırılmıştır. Tasarım aşamasında iki farklı bantta simülasyonlar 

gerçekleştirilmiştir. Optik banttaki simülasyonlar optik dalga yayılımı kullanılarak 

gerçekleştirilirken, RF bandındaki simülasyonlar CST yazılımı kullanılarak gerçekleştirilmiş ve 

sonuçlar paylaşılmıştır. Sonuçlardan da görüleceği üzere, apodizasyon nedeniyle şiddet 

dağılımındaki ikincil maksimumlar azalmış ve EMI koruması da sağlanmıştır. 

Bu çalışma, bu araştırmada hibrit lens olarak adlandırılan iki farklı amaç için tasarlanmış lenslerin 

geliştirilmesine katkıda bulunacaktır. 

 

1. INTRODUCTION (GİRİŞ) 

Due to the high Radio Frequency (RF) 

transmittance of lens materials in electro-optical 

systems, EMI shielding is necessary. This shielding 

is typically provided by metallic structures known 

as Frequency Selective Surfaces (FSS) in infrared 

bands or a thin sheet film such as Indium Thin 

Oxide (ITO) in the visible band. These structures 

are commonly utilized in electro-optical systems, 

particularly in the defense industry [1, 2]. 

With advancements in imaging systems, Diffractive 

Optical Elements (DOEs) are increasingly replacing 

conventional refractive optics. When properly 

designed, DOEs can effectively mitigate optical 
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aberrations with just one optical element [3-10]. 

This reduction in the number of optical components 

not only decreases the weight of the camera but also 

simplifies optical alignment issues in optical 

systems. In military and aerial applications [5, 11 - 

22], DOEs offer additional advantages by reducing 

volume and weight, thereby adding flexibility to the 

design of optical systems. This reduction in volume 

and weight is particularly beneficial for aerial 

applications such as cruise missiles and Unmanned 

Aerial Vehicles (UAVs). 

Electro-optical systems employed in military 

applications require EMI shielding in accordance 

with the MIL-STD 461 standard (10 kHz - 18 GHz 

range [23]). Typically, metal coatings formed on 

flat surfaces of optical components, known as FSSs, 

are utilized [1, 23-28]. Given that military 

operations may occur in all-day situations, infrared 

systems are preferred due to their capability to 

operate independently of day and night conditions. 

Additionally, the passive nature of the infrared band 

and its independence from active sources during 

operations contribute to their widespread usage. For 

these reasons, FSS structures are prioritized in 

infrared systems [23, 24, 28]. 

As an alternative to periodic unit cell-based FSS 

structures, a metallic structure with appropriate size 

and apertures can achieve similar effects in reducing 

RF transmission. Within the scope of this study, a 

metallic structure, unlike FSS but providing EMI 

shielding akin to FSS, is proposed. Besides its 

application for EMI shielding, the proposed metallic 

structure is also utilized as an apodization 

component of phase photon sieves. 

2. THEORETICAL BACKGROUND (TEORİK 

ALTYAPI) 

Fresnel Zone Plates (FZPs) comprise concentric 

rings that alternate between optically opaque and 

transparent zones. When appropriately designed, 

each ring contributes to achieving the desired focus 

[29], making FZP structures function as refractive 

lenses. Depending on the contribution of the 

concentric rings to the focus, FZPs can be 

categorized as Phase FZP (PFZP) and Amplitude 

FZP (AFZP) [29-33]. PFZP, also known as 

Multilevel Diffractive Lens [7-10, 34-36], is often 

preferred in various applications due to its superior 

diffraction efficiency compared to amplitude types. 

As a result, they can serve as alternatives to 

traditional refractive lenses. Amplitude types are 

less commonly used in applications due to their 

lower diffraction efficiencies in optical bands. 

Possible basic types and their calculated diffraction 

efficiencies of the FZPs are outlined in Table 1. 

Table 1. Analytically calculated first-order 

diffraction efficiencies. (Analitik olarak hesaplanan 

birinci derece kırınım verimlilikleri) 

FZP types 
Efficiency 

(%) 

Kinoform (Phase) [37, 38] 100.0 
32-Level (Phase) [7, 8, 34, 35, 39] 99.7 
16-Level (Phase) [7, 8, 34, 35, 39] 98.7 
8-Level (Phase) [7, 8, 34, 35, 39] 95.0 
4-Level (Phase) [7, 8, 34, 35, 39] 81.1 

2-Level (Phase) [20, 39] 40.5 
Sinusoidal (Phase) [39] 33.9 

2-Level (Amplitude) [30, 40] 10.1 
Sinusoidal (Amplitude) [31-33] 6.25 

 

The study opted for a 4-level PFZP due to its higher 

diffraction efficiencies compared to amplitude 

types, despite the availability of higher levels like 8, 

16, or 32, or even Kinoform. The decision was 

influenced by the need to balance computational 

time and validate the concept of the AMDL with 

EMI shielding. 

The objective of this research is to devise a hybrid 

lens that mimics the RF behavior of periodic 

meshed FSS, which minimizes secondary maxima 

in optical band intensity distribution. To achieve 

this goal, the study proposes an apodized multi-

focal diffractive lens as an alternative to the multi-

focal diffractive lens [41]. 

2.1. Optical Model Of Multilevel Diffractive 

Lens (Çok Seviyeli Kırınımlı Lensin Optik Modeli) 

In scalar diffraction theory, Fresnel and Fraunhofer 

approximations are well-defined theories that can 

be applied to many optical systems. Thus, both near 

and far-field wave distribution can be analyzed 

analytically or numerically by these 

approximations. The Huygens Fresnel integral in 

terms of Fourier Transform under Fresnel 

approximation is given as follows [42, 43] 
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The Huygens Fresnel integral in terms of Fourier 

Transform under Fraunhofer approximation is given 

as follows [42, 43] 
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where    is 2D Fourier Transform, ( )',' yxu  is 

amplitude distribution in the source plane, ( )yxr ,  is 

the amplitude distribution in the image plane, d  is 

the distance between the source and image plane, 

and   is the wavelength. The geometry of optical 

wave propagation is given in Figure 1. The 

Huygens-Fresnel integrals are valid under Fresnel 

and Fraunhofer approximations. The valid range is 

defined by the Fresnel number ( FN ), and it is given 

as [44] 

d

a
N F



2

=  (3) 

 

where a  is the radius of a circular lens aperture. 

Fresnel number less than 1 indicates that the 

approximation is suitable, but the Fresnel 

approximation can still provide good results for 

Fresnel numbers up to 20 or 30 [44]. When the 

Fresnel number is much smaller than 1, the 

Fraunhofer approximation is valid. 

 

 

Figure 1. Optical propagation geometry. (Optik 

yayılma geometrisi.) 

In the case of the unit plane wave illumination, the 

amplitude distribution of the source plane will be 

the aperture function of the lens just after passing 

the DOE. Thus, this integral can be written in terms 

of the Fourier Transform and aperture function of 

the DOE. This approach makes it possible to apply 

one-step propagation [45] to the optical propagation 

geometry. The amplitude distribution in the image 

plane for Fresnel and Fraunhofer approximations 

are 
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The exponential phase term is neglected for 

simplicity. The following equation defines the 

offered general aperture function of a 4-level DOE. 
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where n  is the number of phase Fresnel zones, L  

is the number of the subzone, and lr  is the radius of 

l th subzone. The circular function is 

( )
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=
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A schematic representation of the 4-Level PFZP is 

given in Figure 2. 

 

 

Figure 2. DOE model for 4-Level PFZP. (4-Level 

PFZP için DOE modeli.) 
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where lt  is the thickness of  l th subzone,   is the 

wavelength, n  is the refractive index of the lens 

material, and 1 is the refractive index of the 

atmosphere [7, 8, 34, 35]. Theoretically, the 
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thickness values for each sublevel will change the 

phase of the plane wave. Therefore, the phases 

resulting from the thickness are expressed as an 

exponential product at the beginning of the aperture 

function. Each subzone can be determined by using 

the following equation. 

L

fl
rl

2
=  (8) 

 

where f  
is the focal length of the DOE. While 

simulating the optical propagation, the distance 

between the source and image plane was taken as 

the focal length ( fd = ). 

Taking into account the Nyquist Sampling criteria 

[45] in the spatial and spatial frequency domains, to 

accurately sample the amplitude distribution, 2D 

grids are defined. The sampling interval of the 

spatial domain is 'x , and the sampling interval in 

the spatial frequency domain is x . The relation 

between sampling intervals is determined by the 

Nyquist Sampling criteria and it is given as [45] 
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The amplitude distribution can be written in terms 

of sampling intervals in spatial and spatial 

frequency domains. The intensity distribution is the 

absolute square of the amplitude distribution. The 

sampled versions are 
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2.2. Optical Model of Multi-Focal Diffractive 

Lens (MDL) 

(Çok Odaklı Kırınımlı Lensin (MDL) Optik Modeli) 

MDL consists of two regions. The first region, the 

central part of the lens, is the first focal length, and 

the second region, the outer part of the lens, is the 

second focal length. In each region (central and 

outer), parameters required to determine the 

aperture functions are calculated separately 

according to focal length, wavelength, and the 

number of phase Fresnel zones. Therefore, the total 

aperture function is the sum of the aperture 

functions. The aperture function of the first region (

( )yxA f ,1 ) is 
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The aperture function of the second region (

( )yxA f ,2 ) is 
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The final Aperture function will be the combination 

of aperture functions, and it can be defined as 

 

( )
21 ffMDL AAy,xA +=  (14) 
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Figure 3. Aperture functions of MDL in terms of complex angles. The unit of the graphs is in degrees. 
(Karmaşık açılar cinsinden MDL'nin açıklık fonksiyonları. Grafiklerin birimi derecedir.) 

 

 

2.3. Optical Model Of Multi-Focal Diffractive 

Lens (MDL) 

(Çok Odaklı Kırınımlı Lensin (MDL) optik modeli) 

The aperture function of the first region ( ( )yxA f ,1 ) 

is the same as with the MDL. However, the outer 

region has to be different in order to decrease the 

secondary maxima, and apodization has to be 

applied. The apodization can also be applied to not 

only amplitude types of photon sieves but also the 

phase photon sieves. In the literature, there are many 

apodized types such as Bartlett, Blackman, Connes, 

Gaussian, etc. [46]. Since this study is based on the 

application of apodization to phase photon sieves 

using metallic structures, any type of apodization is 

sufficient. For this reason, Gaussian apodization 

was chosen. The aperture function of the outer 

region is 
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The Gaussian apodization function [46, 47] is 
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lN  is the number of phase sieves in each subzone 

level, 2, foutr  is the outermost sublevel radius of the 

second region, ld  is the radius of the sieves in l th 

subzone, and nx , ny  values are the central location 

of the sieves. The first term in equation (16) gives 

the total number of sieves after it is multiplied by 

the Gaussian apodization function [47]. Here, .  

operator represents the lower ceiling operation. In 

this way, the number of sieves in each region is 

determined, and they are distributed symmetrically. 

After each aperture function of the first and second 

focal length is calculated separately, the total 

aperture function will be the sum of the individual 

aperture functions. 

( )
21 AffAMDL AAy,xA +=  (17) 

 

 

 
Figure 4. Aperture function of AMDL in terms of complex angles. (Kompleks açılar cinsinden AMDL’nin açıklık 

fonksiyonu.) 
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a) Aperture function of the AMDL in terms of magnitude. (AMDL'nin açıklık fonksiyonu büyüklük 

cinsinden) 

 
b) The aperture function of the AMDL in terms of imaginary angles (the unit of the graphs is in degrees) 

(AMDL'nin sanal açılar cinsinden açıklık fonksiyonu (Grafiklerin birimi derecedir)) 

Figure 5. Aperture function of the AMDL. (AMDL’nin açıklık fonksiyonu.) 

 

2.4. Electromagnetic Model Of Diffractive 

Lenses 

(Kırınımlı Lenslerin Elektromagnetik Modeli) 

Shielding effectiveness is a measure of an enclosure 

how the incident wave is transmitted, and it is 

defined as the ratio of the incident wave ( iE ) to the 

transmitted wave ( tE ). Shielding effectiveness (

linearSE ) is given with the following equation [1, 2] 

t

i
linear

E

E
SE =  (18) 

 

Shielding effectiveness in dB unit is [1, 2] 

 

( )lineardB SElogSE 1020=  (19) 

 

Under the unit plane wave illumination, the SE can 

be defined as follows. 

 

dB,t

t

dB E
E

logSE −=









=

1
20 10  (20) 

 

CST model for electromagnetic simulations of 

metallic enclosures is given in Figure 6 with two 

perfect conductor (PEC) structures, and boundary 

conditions were chosen as perfectly matched layers 

(PML) [2]. A uniform plane wave at normal 

incidence excites the structures. The contribution of 

the lens material to the shielding effectiveness has 
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been neglected in the models. So the simulations 

were performed separately for each structure 

without the diffractive lens. The Electric Field data 

is generated at the far-field (3 m) and, SE is 

calculated using the dBSE  equation (20). 

The first model given in Figure 6 is the model of the 

circular aperture with the same diameter as the 

diffractive lens. The second model is proposed for 

metallic structured AMDL. 

 

 

Figure 6. An overview of the CST model of the AMDL and MDL (AMDL ve MDL'nin CST modeline genel 

bakış) 

3.SIMULATIONS AND RESULTS 
(SİMÜLASYONLAR ve BULGULAR) 

The simulations were carried out in two different 

bands in the electromagnetic spectrum. First, due to 

the restriction coming from the MIL-STD 461 

standard, the behavior of hybrid structures when 

exposed to RF was simulated between 100 MHz and 

18 GHz using CST electromagnetic simulation 

software.  

Second, since the military applications are 

considered, simulations were performed in the 

infrared band at 1064 nm wavelength. The first 

focal length is simulated in the visible band at 638 

nm. The simulations can also be performed at 

different wavelengths or bands. However, only 

1064 nm and 638 nm were preferred in this study 

for simplicity. 

3.1. Electromagnetic Simulations (Elektromagnetik 

Simülasyonlar) 

As a result of the CST simulations, AMDL has an 

advantage in protecting the electro-optical system. 

The difference between the MDL and AMDL is 

13.7 dB. The shielding performance of the AMDL 

is better than the MDL. 
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Figure 7. SE calculation results for the structures (Yapılar için SE hesaplama sonuçları) 

 

3.2. Optical Simulations (Optik Simülasyonlar) 

After determining the sampling parameters of the 

proposed aperture functions and Huygens-Fresnel 

Integrals, optical wave propagated [45] for the two 

apertures as shown in Fig 8. using equations (10) 

and (11). The results are presented in Figure 9 a) and 

b). Optical parameters of the MDL and AMDL are 

given in Table 2 and Table 3. The simulations are 

completed at the level of seconds after the aperture 

functions were defined. 

 

 

Figure 8. Optical propagation geometry for the 

aperture functions ( AMDLA , MDLA ) (Açıklık 

fonksiyonları için optik yayılma geometrisi ( AMDLA , MDLA )) 

 

For the validity of the Fraunhofer approximation to 

be acceptable, the quadratic phase term should be 

small enough in the Huygens Fresnel integrals. 

Otherwise, the Fresnel approximation is logical. To 

be sure about the validity of the Fraunhofer 

approximation, the following calculation can be 

done. After that, for phase photon sieves, the 

Fraunhofer approximation was used in optical 

propagation. 
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Table 2. Optical parameters of MDL (MDL’nin optik 

parametreleri) 

 

Parameters Value 

C
en

tr
a
l 

R
eg

io
n

 Focal length ( 1f ) 24 mm 

Diameter 1 mm 

Wavelength ( 1 ) 1.064 nm 

Number of Phase Fresnel 

Zones 
5 

Fresnel Number ( FN ) 10 

O
u

te
r 

R
eg

io
n

 Focal Length ( 2f ) 40 mm 

Diameter ~ 3 mm 

Wavelength ( 2 ) 638 nm 

Number of Phase Fresnel 

Zones 
5 - 40 

Fresnel Number ( FN ) 80 
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Table 3. Optical parameters of AMDL (AMDL’nin 

optik parametreleri) 
 

Parameters Value 

C
en

tr
a
l 

R
eg

io
n

 Focal length ( 1f ) 24 mm 

Diameter 1 mm 

Wavelength ( 1 ) 1.064 nm 

Number of Phase Fresnel 

Zones 
5 

Fresnel Number ( FN ) 10 

O
u

te
r 

R
eg

io
n

 

Focal Length ( 2f ) 40 mm 

Diameter ~ 3 mm 

Wavelength ( 2 ) 638 nm 

Number of Phase Fresnel 

Zones 
5 - 40 

Fresnel Number ( FN ) 80 

 

The simulation results show that the proposed 

hybrid structure minimizes the secondary maxima 

in the intensity distribution of the second focal 

length. Normalized intensity values of the MDL are 

shown in Figure 9 a) and normalized intensity 

values of AMDL are shown in Figure 9 a). For 

better observation, the difference is shown in Figure 

10. 

 

 

 

 
a) Cross section of normalized intensity distributions of the MDL (MDL'nin normalleştirilmiş şiddet 

dağılımlarının kesiti.) 

 
b) Cross section of normalized intensity distributions of the AMDL (AMDL'nin normalleştirilmiş şiddet 

dağılımlarının kesiti.) 

Figure 9. Simulation results of MDL and AMDL. (MDL ve AMDL’nin simülasyon sonuçları) 
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Figure 10. Comparison of AMDL and MDL. (MDL ve AMDL’nin karşılaştırılması) 

 

 

A single-lens system with two focal lengths enables 

the effective integration of two electro-optical 

systems operating in different spectral bands 

through a common aperture optical design 

approach. Fig. 11 illustrates the system's operational 

potential. The first focal length is designed for a 

wavelength commonly used in laser spot tracker 

systems. However, if the application requires a laser 

rangefinder, the design wavelength can be adjusted 

to 1550 nm instead of 1064 nm. 

The second focal length, designed for 638 nm, refers 

to the visible spectrum. The design for the visible 

band was carried out for only one wavelength. In 

this study, the visible band design is optimized for a 

single wavelength, but a complete design must 

account for all wavelengths within the visible range 

(400–700 nm), requiring further optimization. 

The approach proposed in this study facilitates the 

development of an electro-optic system that 

integrates both a laser system and a visible sensor 

within a common aperture optical design. While this 

study primarily focuses on the visible band and laser 

wavelengths to validate the design, the same 

methodology can be extended to laser wavelengths 

and the infrared spectrum, including long-wave 

infrared (LWIR) and mid-wave infrared (MWIR) 

[1, 14, 15, 17, 18, 39, 48-51]. 

 

 

Optical axis

Field Lens

hybrid 1064 nm

638 nm

 

Figure 11. Illustration of an electro-optic system using the two-foci diffractive lens system (İki odaklı 

kırınımlı mercek sistemi kullanan bir elektro-optik sistemin gösterimi) 

 

Apodization involves adjusting the pinhole density 

on each ring of the photon sieve to create a smooth 

transmission window, thereby enhancing the 

suppression of secondary maxima in a diffraction 

pattern. Gaussian apodization was selected as the 

preferred method; however, other techniques such 

as Bartlett, Blackman, Connes, Cosine, Hamming, 

Hanning, etc., are also available. For a diffractive 
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lens designed to operate at two focal lengths and 

two wavelengths, each apodization method can be 

analyzed individually, and if necessary, an 

additional window function can be incorporated. 

Evaluating and selecting the apodization technique 

that yields the best results across all wavelengths not 

for a single wavelength in the spectrum would 

further enhance optical performance [52, 53]. 

Because of this reason, the optimum apodization 

technique was not determined during the simulation 

of the hybrid structure. It must be determined for all 

wavelengths within the imager's spectral sensitivity. 

4. CONCLUSION (SONUÇ) 

This research found that the proposed AMDL 

minimizes the secondary maxima in the intensity 

distribution of the second focal length. The hybrid 

AMDL is offered as an alternative way to the MDL 

lens, and also, the apodization has been added to the 

lens with the help of a metallic structure. Thus, the 

hybrid structure is proposed for military 

applications where the use of FSS is necessary, and 

better in optical and RF bands. From this point of 

view, secondary maxima in the intensity values of 

the AMDL were eliminated in the optical band. An 

alternative way of protecting the optical system 

from EMI was accomplished. In this way, the hybrid 

structure, which provides benefits in both RF and 

optical bands, was proposed. 

This research will contribute to the development of 

hybrid structures in optical and RF bands of the 

electromagnetic spectrum. This study can also be 

extended for any diffractive achromat instead of a 

single wavelength diffractive lens with a similar 

approach stated in this research. 
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