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Two-dimensional periodic structures have been widely applied to phased array antennas, frequency selective 
surfaces (FSS), radio wave absorbers, or reflectarrays [1-3]. Size of the two-dimensional periodic structures is 
often much larger than wavelength and they are modeled as infinite periodic arrays via Floquet theorem. It is well-
known that numerical analysis of the two-dimensional infinite periodic arrays can be performed efficiently by 
Floquet theorem because the two-dimensional infinite periodic arrays are reduced to so-called unit cell owing to 
Floquet theorem.  
 
Although Floquet theorem is a powerful technique for modeling the two-dimensional infinite periodic arrays, 
efficient modeling of the two-dimensional infinite periodic arrays is still challenging when finite antennas are with 
them simultaneously. In previous studies, a couple of techniques such as an array scanning method (ASM) and a 
surface impedance modeling have been proposed for efficient modeling of the two-dimensional infinite periodic 
arrays with the finite antennas (or sources) [4-7]. Both of the techniques are applicable to numerical analysis of 
the finite antennas over the two-dimensional infinite periodic arrays, their applicability is quite limited because of 
difficulty in modeling of arbitrary shaped antennas for the ASM and in modeling of arbitrary shaped scatterers for 
the surface impedance modeling, respectively.  
 
In this paper, a novel method of moments (MoM) for numerical analysis of finite antennas over two-dimensional 
infinite periodic structures is presented [8]. The MoM models the two-dimensional infinite periodic structures via 
reflection coefficients. The reflection coefficients of the two-dimensional infinite periodic structures are 
numerically obtained by a periodic MoM using Floquet theorem. In a similar manner with a layered media Green’s 
function, a dyadic Green’s function of a space with the two-dimensional infinite periodic structures is formulated 
approximately. Self/mutual impedance expressions between source and observation points are formulated using 
the dyadic Green’s function and Rao-Wilton-Glisson (RWG) basis function. Numerical simulation is performed 
and it is demonstrated that the MoM can deal with the finite antennas over the two-dimensional infinite periodic 
structures efficiently.   
 
Acknowledgements 
This research was partly supported by the Ministry of Internal Affairs and Communications in Japan (JPJ000254). 
Discussions with the members of the Cooperative Research Project Program of the Research Institute of Electrical 
Communication, Tohoku University, were helpful for this work.  
 
References 
1. K. Konno, Q. Chen, K. Sawaya, and T. Sezai, ``Analysis of huge-scale periodic array antenna using 

impedance extension method,'' IEICE Trans. Commun., vol.E92-B, no.12, pp.3869-3874, Dec. 2009. 
2. B. A. Munk, Frequency Selective Surfaces: Theory and Design, New York, NY, USA: Wiley, 2000. 
3. K. Konno and Q. Chen, ``Enhancing Aperture Efficiency of Reflectarray by Accurately Evaluating Mutual 

Coupling of Reflectarray Elements,'' IEICE Commun. Express, vol. 5, no. 9, pp.341-346, 2016. 
4. C. P. Wu and V. Galindo, “Properties of a phased array of rectangularwaveguides with thin walls,” IEEE 

Trans. Antennas Propag., vol. AP-14,no. 3, pp. 163–173, Mar. 1966. 
5. B. A. Munk and G. A. Burrell, “Plane-wave expansion for arrays ofarbitrarily oriented piecewise linear 

elements and its application indetermining the impedance of a single linear antenna in a lossy half-space,” 
IEEE Trans. Antennas Propag., vol. AP-27, no. 5, pp. 331–343,May 1979. 

6. F. Capolino, D. R. Jackson, and D. R. Wilton, “Fundamental propertiesof the field at the interface between 
air and a periodic artificial materialexcited by a line source,” IEEE Trans. Antennas Propag., vol. 53, no.1, 
pp. 91-99, Jan. 2005. 

7. T. Uno, T. Arima, and A. Kurahara, “FDTD modeling of nonperiodicantenna located above metasurface 
using surface impedance boundarycondition,” EPJ Appl. Metamat., vol. 6, no. 17, pp. 1-7, July 2019. 

8. K. Konno, N. Haga, J. Chakarothai, Q. Chen, N. Nakamoto and T. Takahashi, "A Novel Method of Moments 
for Numerical Analysis of Antennas Over 2-D Infinite Periodic Arrays of Scatterers," IEEE Trans. Antennas  
Propag., vol. 72, no. 1, pp. 50-60, Jan. 2024.   

043 
979-8-3503-6097-4/24/$31.00 ©2024 IEEE

20
24

 In
te

rn
at

io
na

l C
on

fe
re

nc
e 

on
 E

le
ct

ro
m

ag
ne

tic
s i

n 
A

dv
an

ce
d 

A
pp

lic
at

io
ns

 (I
C

EA
A

) |
 9

79
-8

-3
50

3-
60

97
-4

/2
4/

$3
1.

00
 ©

20
24

 IE
EE

 | 
D

O
I: 

10
.1

10
9/

IC
EA

A
61

91
7.

20
24

.1
07

01
78

6

Authorized licensed use limited to: TOHOKU UNIVERSITY. Downloaded on March 27,2025 at 10:57:15 UTC from IEEE Xplore.  Restrictions apply. 


