
ΥΠΟΛΟΓΙΣΤΙΚΗ ΜΕΛΕΤΗ ΝΑΝΟΥΛΙΚΩΝ 

 

Υπολογισμοί διάδοσης ηλεκτρομαγνητικών κυμάτων σε  

νανοδομημένα υλικά  



Υπολογιστικές Μέθοδοι 

 

Finite difference Time Domain  

Finite Element 

Multiple Scattering 

Boundary Elements 

Όλες αυτές οι μέθοδοι χρησιμοποιούν  

το ε και τη δομή των νανοδομημένων 

υλικών και υπολογίσουν τα  

T, R, A.   



Finite difference time domain (FDTD) method: 

 

 
-Approximate the space and time derivatives in Maxwell’s equations with  finite differences. 

 

-Use absorbing boundary conditions (ABC)  to close the space. 

 

-Use an initial pulse excitation (point source, a waveguide mode or a plane wave). 

 

-Solve Maxwell’s equations as a function of time. 

 

-Do a Fourier transform to get spectral information out. 

ABC 

Structure 



Maxwell’s Equations 
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In 1D, they become: 
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Finite difference approximations of the partial derivatives in space and time: 
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Each new value of the fields (E, H) is determined by the previous values: 
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The k represents the location in the discrete space, while n represents the time: 



Calculate En+1/2 

Calculate Hn+1 

n=n+1 

Each time step represents an increment in 

the  total time T = n t. 



Absorbing Boundary Conditions 

 )0()1()1()0( 2/12/12/12/1  



 n

x

n

x

n

x

n

x EE
ztc

ztc
EE

1st order Mur’s ABC in 1D 



The following is a one-dimensional 

simulation of an EM pulse propagation 

in free space.  

(T represents the number of time steps.) 

``FDTD method for hyperthermia simulations,’’ D. Sullivan (U. of Idaho) 
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The following simulation shows an EM 

pulse propagating in free space and then 

striking a material with  = 5, = 0.05.  



The cells between 100 and 200 have been 

assigned the properties 

5 .05r  



























For sinusoidal radiation: 







































3D FDTD Yee formalism 

``Computational electrodynamics: The FDTD method,’’ 

A. Taflove and S. Hagness 



H. A. Atwater, A. Polman, ``Plasmonics for improved photovoltaic devices,’’  

Nat. Mater. 9, 205 (2010). 

 

Metal nanoparticles have been suggested as light trapping agents  

in solar cells 



J.-L. Wu, et. al., ACS Nano 5, 959 (2011) 

“Surface Plasmonic Effects of Metallic 

Nanoparticles on the Performance 

of Polymer Bulk Heterojunction 

Solar Cells” 

Measurements support theoretical predictions 

The power conversion efficiency (PCE) of the OPV device incorporating the Au NPs improved to  

4.24% from a value of 3.57% for the device fabricated without Au NPs. 

D. H. Wang, et. al., Agnew. Chem. 50 (2011) 

Enhancement of Donor–Acceptor  

Polymer Bulk Heterojunction Solar 

Cell Power Conversion Efficiencies  

by Addition of Au Nanoparticles 

For P3HT/PC70BM, the PCE increased from 3.54%  

to 4.36%; for PCDTBT/PC70BM, the PCE 

increased from 5.77% to 6.45%, and for Si- 

PCPDTBT/PC70BM, the PCE increased from 

3.92% to 4.54%. 









The optical absorption of nanowire arrays  

N. Lagos, M. M. Sigalas, D. Niarchos, Photonics and Nanostructures (2011).  

 Calculations of Si (and other semiconductor) nanowires using the  

Rigorous Coupled-Wave Analysis (RCWA). 

Find the optimum conditions for getting the maximum absorption of visible light 

spectrum. 

The absorption for different values of the separation between the nanowires. 

The effects of diameter, thickness, orientation and disorder have been also studied. 

r/a=0.5, t=4000nm 

a=100, 300, 400nm  

(solid, dash, and dotted lines, respectively) 
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RCWA Simulation Parameters (1) 



RCWA Simulation Parameters (2) 

*Aspnes and Stunda, Phys. Rev. B 27, 985 (1983). 

 

The absorption spectra for Si-wafers (150μm thickness) with metallic substrate 

using the Aspnes* (modified),  refractive index. The absorption spectrum  has been 

smoothened as well to eliminate interference effects. 

were AM15(λ) is the Solar Spectral  Irradiance 

α=55.1% 

𝛼 =
 𝑎𝑏𝑠𝜆𝐴𝑀1.5𝜆𝜆 𝑑𝜆

1.117

0.3

 𝐴𝑀1.5𝜆𝜆 𝑑𝜆
1.117

0.3

 
Si=150μm 

REAL(Ag)=1μm 



Si3N4 

Layer=0.076±0.006μm 

Si=150μm 

Ag=1μm 

Grating on Si/Si3N4 

αmax=82.9% 

Si3N4 

Layer=0.230±0.005μm 

SiN Pillar=0.150±0.003μm 

Si=150μm 

Ag=1μm 

αmax=86.2% (+3.3%) 



Grating on Si/Si3N4 

Si3N4 

=0.076μm 
Si=150μ

m 

Metal 

Met. Pillars= 0.06-

0.08μm 

αmax=89.5% (+6.6%) 

αmax=88.7% (+5.8%) 

Si3N4 =0.076μm 

Si=150μm 

Metal=1μ

m 

Hole=0.06-0.10μm 

(P079) Polysterene on 101 nm Nitride on Si   

Sotiropoulos, Speliotis, Niarchos, Spiratou, Raptis, Misiakos, Lidorikis 



Πηγές: 

 

Nanoscience 

C. Dupas, P. Houdy, and M. Lahmani 

 

Computational Electrodynamics: The Finite Difference Time Domain Method 

A. Taflove, S. C. Hagness 


