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RSoft Design Group - History of Growth

1991… 1993… 1996 …1998       1999       2000       2001

From a single 
product 

start-up….

RSoft Inc
Founded

Released:
WinPLOT

Licensed 
BPM tool

(Columbia)

Released:
BeamPROP

Licensed 
System-level 

tools
(UCSB

&UIUC)

Released:
LinkSIM

Released: 
FullWAVE

Licensed 
Minilase-II

(UIUC) NDTI
Founded



RSoft Design Group - History of Growth

2001          2002          2003          2004

NDTI
Founded

RSoft, Inc and NDTI 
Merged  

RSoft Design Group

Released:
BandSOLVE
GratingMOD
LaserMOD
MetroWand

BroadbandSWAT
WirelessSWAT

RSoft 
Japan 

Founded

Acquired 
ARTIS Tools:

OptSim
Artifex

Released:
EDFA for Vendors

ModeSYS

RSoft UK
Founded

Released:
BandSOLVE 1.3
FullWAVE 3.0
MetroWand 2.0

OptSIM3.6
LinkSIM 3.4

Released:
LaserMOD 2.0 (VCSEL)

OptSIM 4.0
DiffractMOD 1.0

India 
Distributor

Joined

Awarded Air 
Force STTR(I) & 

Navy SBIR 
(II Extension)



Planar Lightwave 
Circuit Simulation

Network    
Layer 

Physical  
Layer 

Optical System Simulation

Network Planning          
and Design

Strategic Analysis

Passive/Active Device 
Modeling

Full Spectrum Photonics Design Automation



BeamPROP (BPM - PICs)
FullWAVE (FDTD - Nanostructures)
BandSOLVE (PWE - PBGs)
GratingMOD (CMT - Gratings)
DiffractMOD 1.0 (RCWA – Metrology)
LaserMOD 2.0 (Active Devices)
MOST (Design Optimization)

BroadbandSWAT
WirelessSWAT

Artifex 
MetroWAND  

OptSim 4.0 (time-frequency)
- Sample Mode Models
- Block Mode Models
LambdaSIM (wavelength)
ModeSYS (spatial)
EDFA for Vendors 

RSoft Design Group Product Family
by Platform

Component Suppliers
Research Institutions

Component Suppliers
Equipment Vendors

Service Providers
Consultants 
Investors

Carriers
Systems Integrators 
Equipment Vendors



RCWA is a rigorous and one of the most  
efficient algorithm for periodic, diffractive 
optical structures.

- Assume periodic structure or uniform index
in each layer with plane-wave input.

- Expand the field in each layer by “modes”     
(Space-harmonics)

- Match the boundary conditions between layers
- Solve the eigenvalues/eignenvectors problem.

RCWA algorithm is conceptually straightforward, easy to 
use, applicable to complex geometries and extensible to 

almost all optical diffraction problems.

Rigorous Coupled Wave Analysis (RCWA)
for Optical Diffraction



DiffractMOD’s Implementation of RCWA

• DiffracMOD’s 2D/3D fully vectorial simulation engine is 
based on RCWA algorithm and is implemented with the latest 
Modal Transmission Line (MTL) technique.

• Compared to traditional way of RCWA implementation, MTL 
implementation provides significant technical advantages:

- Significantly improved numerical stability
- Better management of power conservation
- Overall improvement on speed and convergence, 
especially for TM polarization, 3D simulation and
metallic structure.

Reference: M. Jiang, T. Tamir, and S. Zhang , “Modal theory of diffraction by 
multilayered gratings containing dielectric and metallic components,” J. Opt. 
Soc. Am. A 18, 807 (2001)



CAD Features

• Fully integrated with RSoft CAD Interface
• Allow user-defined arbitrary 2D and 3D unit cell structure
• Simple setup of multi-layer structures
• Advanced utility for rapid generation of 2D and 3D lattice 

structures
• Simple control for illumination with arbitrary incident direction
• Allow Arbitrary incident polarization, including linear, circular, 

and elliptical
• Design and simulation variables are fully-parameterized
• Scanning of parameters
• Material effects, including loss, anisotropy, and dispersion
• Interactive help menu



Simulation Capabilities

• Full-vectorial analysis for both 2D and 3D structures
• Fast convergence based on fast Fourier factorization
• Advanced algorithm based on modal transmission line method 

for superior stability
• Inclusion of material dispersion
• Inclusion of complex index for metals
• Optimized and accurate algorithm for different profiles
• Convenient control of simulation parameters



Analysis Features

• Calculation, display, and output spectra of diffraction efficiency
• Generation of diffraction efficiencies data and graphs at any 

order
• Calculation of total reflected power, transmitted power, and 

absorbed power
• Calculation and display of Poynting power flows
• Calculation and display of field patterns of each electric 

component
• Automatic calculation and display for spectral characteristics
• Include full-functional scientific plotting tool: WinPLOT



DiffractMOD Applications
DiffractMOD can address a wide range of applications including
optical metrology, photonic crystals, lithography and other sensors
and telecom components based on optical diffraction.

- Optical metrology - Diffractive optical element (DOE)
- Photonic crystals - Nano-lithography
- Wavelength filter - Polarization sensitive device
- Artificial dielectric - Photovoltaic system
- Three-dimensional display - Optical interconnection
- Optical data storage - Spectroscopy
- Microlens array - Sensor and detector
- Beam splitting, combining, and shaping



Unit Cell

Optical Metrology/Nanocharacterization

Sub-µm Semiconductor Gate Profile:

Pitch (Period)= 3000 Å

CD

Poly Si

SiO2

Si Substrate



Optical Metrology/Nanocharacterization

Simulation results for Optical Scatterometry

- This technique can also be applied for 2D periodic arrays.
- For CD measurement, DiffractMOD can generate the static 

library or be used for dynamic matching.



Optical Metrology/Nanocharacterization

New Library-based

Profile Matching

Capabilities



Simulate transmission and reflection for Tungsten woodpile, 
3D Photonic crystal structure

Layout

Unit Cell

Reflection Spectrum

Photonic Crystals



Metallic Structure

Simulation results 

Reference: L. Li, J. Opt. Soc. Am. A, Vol. 10, No. 12 (1993)

λ = 0.85 µm, Period = 0.8233 µm
n1= 1.46, n2 = 0.1 + 5.58i

Structure: Silver 4-layer
binary grating 



3D Periodic structure

Simulation results

Structure: a 3D surface-relief
checkerboard grating  

Period (x,y) = 0.8233 λ
Relief Depth  = λ
n1= 1.5, n2 = 1

Reference: E. Noponen and J. Turunen J. Opt. Soc. Am. A, Vol. 11, No. 9 (1994)

y

x



Resonant Grating Filter

Simulation resultsStructure: multi-layer resonant
grating filter  

λ = 1.58 µm, nTiO2 = 2.298, 
nSiO2 = 1.444, nGlass = 1.51

Reference: G. Niederer et al., "Tunable, oblique incidence resonant
grating filter for telecommunication", Applied Optics.



MOST: Multi-variable Optimization & Scanning Tool

Selection of: 
• Simulation Engine

• Design variables

• Ranges

• Merit function

• Feedback algorithm



Optimization of a Waveguide Taper
Structure: tapered waveguide
segmented into 8 sections, each
width is a variable of optimization

Results: genetic algorithm closing
in on the optimal design.



Optimization of a Waveguide Taper
Target Output Field:                        Output Field of Linear (unoptimized) Taper:

Optimized Output Field:                   New (optimal) Design for the Waveguide:



Integration of LaserMOD with Other Tools

Applications frequently require the simulation capabilities of 
multiple tools.
• LaserMOD + BeamPROP can be combined to address the needs of 

Electro Absorptive modulators where current transport must be accounted 
for to determine the free-carrier loss, and resulting device performance.

• LaserMOD + OptSim + Best Fit provide a means for extracting the 
system level model directly from device level simulation, and ultimately 
produce a SPICE compatible circuit model for VCSELs and other lasers.

• LaserMOD + ModeSYS allow the multi-mode system designer to 
account for effects of miss-alignment between laser and fiber, when studying 
the effects of a new device design on the system. 



Simulation of Silicon Modulators
• Results for the SIO 
modulator presented in   
NATURE, VOL 427, 12 
FEBRUARY 2004, pp 615-8.

• Accounts for carrier and 
temperature dependent 
mobility and Auger 
recombination (and other 
models)

• Accounts for free-carrier 
absorption via modified 
Drude model

Comparison of LaserMOD simulations (lower) to 
those in the reference (upper) – defaults were 
used for all simulation parameters.



Modulators (cont.) – Tool Integration
• LaserMOD is integrated 
with BeamPROP so that 
complex device structures 
can be simulated.

• LaserMOD is used to 
determine a 3D complex 
index profile by simulation 
multiple slices along the 
length (z-direc.) of the device.

• BeamPROP reads the 3D 
complex profile and 
incorporates it into a larger 
circuit, to simulate optical 
performance.The results of four LaserMOD simulations, 

describing a tapered ridge, are passed to 
BeamPROP via a single file.



LaserMOD: Active Device Design Tool for 
Semiconductor MQW Lasers

Different levels of abstraction for laser simulation – sometimes 
need both:

• Photonic/electric circuit simulation employs phenomenological 
models based on rate equations for system level modeling

• For laser design purposes, LaserMOD employs physics based 
modeling, which allows for the prediction of performance for 
the given structure.
– Multi-dimensional simulation of carrier transport on a spatial grid: 

Poisson’s equation, drift-diffusion carrier continuity equations, energy 
balance equations, lattice heat equation

– Maxwell’s equations determine optical field
– Gain/absorption is most critical as the coupling mechanism between 

transport and optics, quantum mechanical in nature



LaserMODTM

Active Device Simulator

Best-Fit LaserTM

VCSEL Parameters Extraction

OptSimTM

System Level Simulator

VCSEL SPICE-like Electrical Circuit

System Performance

Results

Device Performance

Results

Integration of 
Device and 

System 
Simulation:

VCSEL Model 
Parameter 
Extraction



Integration of Device and System Simulation (cont):
VCSEL Nearfield/Farfield Coupling to Multimode Fiber 

OptSimTM System Level Simulator – multimode 
(ModeSYSTM) module for determining system 
performance in presence of modal dispersion.LaserMODTM Device Level Simulator –

exports a nearfield or farfield profile 
that can be read by system level tool.



Conclusion
• RSoft Design Group provides complete design solutions for 

optoelectronics components & systems:
- BeamPROP Waveguides, PICs
- FullWAVE Nanostructures
- BandSOLVE Photonic crystals
- GratingMOD Gratings
- DiffractMOD Diffractive Structures - Manufacturing
- LaserMOD Active device modeling
- OptSim System modeling

• Integration of these components further extends the addressable
application scope:
- LaserMOD / BeamPROP EA Modulators
- LaserMOD / OptSim VCSEL Systems

Thank you for your attention.
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