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1.  Introduction 

2.  Electromagnetic approach: FDTD 

3.  Circuit approach: Aspic 
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1.  FDTD Simulations 
•  Polarization converter 
•  Subwavelength waveguides 

2.  Aspic Simulations 
•  Resonant rings with Bragg reflector 



1. INTRODUCTION 



!"#$%&'()%"*
•  +,%#%"-(*.-/'01)%"*-.*1"*2..2")10*#%%0*3%$*$2.21$(,2$.*1"&*

&2.-4"2$.5*

•  !#*-.*10.%*%"2*%3*#,2*(,2162.#*718.*%3*/19-"4*.(-2"(2:*

•  ;,2*1&<1"(2.*-"*(%/6'#2$*,1$&71$2*2"1=02.*'.*#%*#1(902*1*7-&2*
<1$-2#8*%3*6$%=02/.*7-#,*,-4,*(%/6'#1)%"10*0%1&5**

>-4,#*6$%6141)%"*-"*1*6,%#%"-(*($8.#10* !"#2".-#8*#$1".32$*-"*1*?*$-"4*@0#2$**



;7%*#862.*%3*.-/'01)%".*

-Flexible: solves Maxwell’s equations for  
an arbitrary design 
-Large time and memory requirements 
-Suitable for small elements 

-Uses modeled components 
-Access only to input/output port waves 
-Smaller time and memory requirements  
-Suitable for large circuits 
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Electromagnetic approach 
(physical modeling)  

Circuit approach 
(high abstraction level)  vs 

S 

Lumerical FDTD Solutions Aspic Design 



2. ELECTROMAGNETIC  
     APPROACH: FDTD 
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3. CIRCUIT APPROACH: 
     ASPIC 



U-$('-#*.-/'01)%"*
•  Instead of simulating a mesh, each element of the circuit is modeled as a whole 

•  For example, a straight waveguide can be modeled according to different parameters 

• Losses  

• Temperature dependence 

• TE / TM (birefringence), multimode 

•  Mode coupling (high order modes, polarization rotation) 

•  Input/output modal mismatch 

•  Parasitic interactions, backscatter  

•  nonlinearity 

Straight waveguide Source Termination 

© Filarete srl 
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•  Most circuits can be build combining basic building blocks (BB). 



The Building Blocks Library 

Circuit simulation 
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Circuit = ! Building Blocks 

Tunable delayline 0÷8 bit @ 10…100 Gbit/s 
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F. Morichetti et al, Nature Comm, May 2011 

Circuit simulation 
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Circuit simulation 

Drop 
Add 
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Matrix description 
of the circuit Sg 
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Organized in Libraries:   "  Generic Aspic Library 

"  Oclaro Library 

"  HHI Library 

"  … 

Ports: "  the only accessible point of a BB 

"  each port has a number and name 

"  numbered anti-clockwise 

"  at least 1 port 

"  bidirectional 

"  internal and external 

"  only two ports can be connected 

"  up to four fields per port  

The models and the BBs 
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"  Physical BB (most) 
 
"  Virtual BB source termination 

junction 

" Sources and terminations are matched (no reflections) 

" A source acts also as a termination 

" All the sources are perfectly coherent (same wavelength and phase) 

" Floating ports are not allowed 

The models and the BBs 
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The models and the BBs 

Each BB has HELP and INFO 
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No check on numbers 
 
Formula and variables 
accepted 

The models and the BBs 
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N.6-(*>-=$1$8*

The models and the BBs 
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This IS a ring This IS a ring 

This IS a ring This IS a ring 

Aspic’s CAD environment 
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Aspic’s CAD environment 

Default: Results are available ONLY at the external (accessible) ports 

FULL ports: Results are available at EVERY port 

Group Delay: Calculate the group delay when scan variables 

Simulation 
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Full port Standard 

Aspic’s CAD environment 
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Aplot – Results manager 

Aspic’s CAD environment 

2fg*
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3200 BB, 7040 ports….. in few minutes 

Aspic’s CAD environment 
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