
Abstract-Groove plate with triangle structure has been designed 
and fabricated to improve the microwave transmittance in W 
band. The parameters of the triangle structure has been optimized 
via the Effective Medium Theory (EMT) and FDTD program. The 
antireflection surface in W band has been verified in lab, the 
experimental results are qualitatively consistent with the 
theoretical results.   

I. INTRODUCTION 

 
OMMON methods for antireflection is accomplished 

by means of a single-layer coating for achieving high 
transmittance. Single antireflective film has been 

widely used in visible band [1], while high transmittance is only 
realized for one certain frequency. Thus the multilayer method 
is developed to achieve high transmittance in a board frequency 
range, but the multilayer method has strict requirements on the 
selection of coating materials and processing technology [2, 3]. 
At the end of the 20th century, using electron microscopy, it was 
found that the outer surface of the cornea of moths was 
distributed with conical structures with 200 nm of height and 
spatial distance [4], and this kind of structure overcome the 
reflection of the smooth cornea surface and significantly 
improve the transmittance of visible light in a wide frequency 
range. Later it is proved that this anti-reflection structure (ARS) 
surface can be equivalent to a graded refractive index layer, 
gradually increasing from the outermost air refractive index to 
the innermost medium refractive index. This ARS surface 
avoids the choice of coating material and realizes the anti-
reflection in wide frequency band. So far, the ARS surface is 
mainly used in visible light and far infrared light band, little 
work has been published regarding antireflection structure in 
microwave range. An exception is the work of Ma and 
Robinson (1983) [5], in which they built the antireflection 
structure on fused quartz window and successfully improved 
the transmittance.  

Nowadays microwave imaging diagnostics working in W 
and F bands with complicated front-end optics have been 
widely adopted in tokamak plasmas [6]. The reflection caused 
by the lens surface will reduce the S/N ratio, result in standing 
wave effect. In our work, one-dimensional groove structure 
surface is designed, optimized and finally fabricated using 3D 
printing method. The printing material has a refractive index 
close to HDPE. The experimental results are qualitatively 
consistent with the theoretical analysis. 

II. DESIGN OF ANTI-REFLECTION STRUCTURE 

The ARS is usually one or two dimensional periodic 
structure, as shown in fig. 1(a). To avert the occurrence of high 
order of diffraction and only keep zero order of diffraction, the 
periodic length Λ should meet the condition:         ஃ	஛ ൏ ଵ୫ୟ୶ሺ୬౩,௡೔ሻା௡೔ 											ሺ1ሻ, 

where the λ  is wavelength in incident space, nୱ  refers to 
refractive index of dielectric and n୧ refers to refractive index 
of incident medium. Since Λ is usually smaller thanλ, ARS is 
also called subwavelength gratings. 

 
 
 
 
 
To calculate 1D ARS surface reflection, the second-order 

Effective Medium Theory (EMT) [7] is utilized. With the 
incident electromagnetic field E perpendicular to Kgroove, 
the dielectric constant of each layer can be expressed as ߳ாୄ௄ଶ ሺݖሻ ൌ 	 ߳ாୄ௄ሺ଴ሻ ሺݖሻ ൤1 ൅ గమఢబଷఉమ ݂ሺݖሻଶሺ1 െ ݂ሺݖሻሻଶ ሺ௡ೞି௡೔ሻమఢಶ఼಼ሺబሻ ሺ௭ሻ ൨ (2), 

 	߳ாୄ௄ሺ଴ሻ ሺݖሻ ൌ ݂ሺݖሻ ∗ ߳௦ ൅ ൫1 െ ݂ሺݖሻ൯ ∗ ߳௜						ሺ3ሻ, 
where f (z) is filling factor 

ୠሺ୸ሻஃ . 
The reflection of this multilayer can be calculated from 

Iterative Method (IM) , where the reflection below jth layer can 
be written as 

        ρ୨ ൌ ୰ౠା஡ౠశభ ୣ୶୮൫ଶ୧ஔౠశభ൯ଵା୰ౠ஡ౠశభ ୣ୶୮൫ଶ୧ஔౠశభ൯ . 

Here ρ୨ାଵ  represents  the total electric field reflection 
coefficient of jth layer and all the layers beneath it, ρ଴ 
represents the total electric field reflection of groove 
structure surface, r୨  represents the reflection at interface 

between layer j and j+1，δ୨ refers to 	ଶగ௡ೕௗೕఒ ∗ ݏ݋ܿ  .௝ߠ
The EMT results are shown in fig. 2. The transmittances are 

greatly improved, except for the normal incident case of single 
side plate, which is caused by the interferences between layers. 
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C
FIG.1 (a) 1D groove surface where yellow region represents dielectric 
substrate. (b) The triangle structure is treated as a stack of rectangle 
structures with different size. (c)The structure is equivalent to a multilayer 
film with graded refractive index profile. 

FIG.2 The transmittances of one-side and double-side groove plate with 
different depth and incident angle. The incident wave frequency is set to 87.5 
GHz, Λ is 0.9 mm，ϵs = 2.78. In the calculation the ARS is divided into N=1000 
layers. 



III. VALIDATION BY FULL WAVE SIMULATION AND 
EXPERIMENT 

In order to check the EMT result, a fullwave FDTD 
simulation program based on Maxwell equations is developed. 
The calculation model is shown in fig. 3. The boundaries are set 
as perfect absorber. A 87.5 GHz source is placed at (Z=-10,Y= 
0) position with 10 mm waist. By calculating the EM energy 
flows across the S1-S4, the transmittance is estimated. For the 
double-side and normal incident case, the result is 99.72%, 
which agrees well with the EMT result 98.8%. 

 
 
 
 
The single-side groove plate (size 15 cm × 15 cm) with 

triangle structure is fabricated using 3D print technique, shown 
in fig. 4. The dielectric constant of the printing material is 
around 2.78.  

 
 

 
The schematic of transmittance measurement in lab is 

shown in fig. 5. Two plates with same printing material are 
tested, one is the ARS surface, the other is flat plate with 
same thickness 1.9 mm. The test results are shown in fig. 6. 
It is clear that the transmittance has been significantly 
improved with 40~60 degree incident angle. The 
experimental results is qualitatively consistent with the 
theoretical predictions.  

  
 

 

 
 

IV. SUMMARY 

 
The ARS surface of one-dimensional groove structure has 

been analyzed by EMT theory and proved by simulation, which 
suggests that the transmittance of double side ARS plate has 
better performance than single side plate. In the current work, 
only one-side one-dimensional groove plate with triangle 
structure has been fabricated and tested. The lab test has shown 
that the transmittance of groove plate is qualitatively consistent 
with the theoretical results and the transmittance of single-sided 
groove plate is increased by about 20% compared with that of 
flat plate at 45 degrees of incidence. It is proved that for 
imaging diagnostics for tokamak plasma, the ARS surface is a 
promising solution to reduce the reflection loss on the front-end 
optics. The further investigations with double-side grooved 
surface will be conducted soon. 
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FIG.3. Model of double-side one-dimensional groove plate with triangle 
structure, right figure is the distribution of E୘୉ field. 

FIG. 4. Microstructure of single side grooved plate 

FIG. 5. Schematic of experiment setup. 

FIG. 6. Transmittance measurement results with different incident angles.
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