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® Overview of RSoft Design Group

® DiffractMOD: for Diffractive Structures (RCWA)

®* MOST: for Scanning and Optimization (with all tools)
® LaserMOD/BeamPROP: for EA Modulators

® LaserMOD/OptSim: for Mixed-Level Analysis

® LaserMOD/ModeSYS: for Spatial Coupling

® Conclusion
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RSoft Design Group - History of Growth

Licensed
System-level
tools Licensed
Licensed (UCSB  Minilase-1I
BPM tool S(zUIUC) (UTUC) NDTI
RSoft Inc (Columbia) Founded
Founded

1991... 1993... 1996 ...1998 1999 2000 2001

Released:
Released: LinkSIM
WinPLOT
Released:
Released: FullWAVE
BeamPROP
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RSoft Design Group - History of Growth

Acquired India

RSoft, Inc and NDTI ARTIS Tools: Distributor
Merged - OptSim Joined
RSoft Design Group Artifex Awarded Air
NDTI RSoft " RSoft UK Force STTR() &
Founded Japan  Founded Navy SBIR
Founded (II Extension)

Released:
gant['lsojégg Released: Released:
rating >
LaserMOD BandSOLVE 1.3 12serMOD 2.0 (VCSEL)
OptSIM 4.0
MetroWand FullWAVE 3.0 DiffraceMOD 1.0
BroadbandSWAT MetroWand 2.0 :

Released:
WirelessSSWAT - EpFA for Vendors OptSIM3.6
ModeSYS LinkSIM 3.4 RS OFT
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Full Spectrum Photonics Design Automation

Strategic Analysis

Network Planning
and Design

Network
Layer

Planar Lightwave
Circuit Simulation

Phyvsical
y Passive/Active Device
Layer Modeling
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RSoft Design Group Product Family
by Platform

Component Suppliers

Component Suppliers
Equipment Vendors

Research Institutions

BeamPROP (BPM - PICs) OptSim 4.0 (ime-frequency)
FullWAVE (FDTD - Nanostructures) - Sample Mode Models
BandSOLVE (PWE - PBGs) - Block Mode Models
GratingMOD (CMT - Gratings) LambdaSIM (wavelength)
DiffractMOD 1.0 (RCWA — Metrology) ModeSYS (spatial)
LaserMOD 2.0 (Active Devices) EDFA for Vendors
MOST (Design Optimization)

Service Providers Carriers

Consultants Systems Integrators
Investors Equipment Vendors
BroadbandSWAT Artifex

WirelessSWAT MetroWAND
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Rigorous Coupled Wave Analysis (RCWA)
for Optical Diffraction

RCWA 1s 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

almostalloptical diffraction problems. RS OFT
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DiffractMOD’s Implementation of RCWA

® DiffracMOD’s 2D/3D fully vectorial simulation engine 1s
based on RCWA algorithm and 1s 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)
RSOFT
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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 1llumination 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
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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

RSOFT
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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

RSOFT
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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
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Optical Metrology/Nanocharacterization

Sub-um Semiconductor Gate Profile:

—» S1 Substrate
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Pitch (Period)= 3000 A
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Optical Metrology/Nanocharacterization

Simulation results for Optical Scatterometry

Total Reflection

0.4 CD=0.04
N / CD=0.05
p ] I _ CD=0.06
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= . / ¥ CD=007
O ]
i ] ,_ CD=0.08
= ] ' /
2 02|} .
S ]
=
= b
0.1 —:V
U U U U U
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Wavelength (um})
- This technique can also be applied for 2D periodic arrays.

- For CD measurement, DiffractMOD can generate the static
RSOFT

library or be used for dynamic matching. i
Design roup




Optical Metrology/Nanocharacterization
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Photonic Crystals

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

Reflection Spectrum
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Metallic Structure

Structure: Silver 4-layer

Simulation results
binary grating

~=10] x| “, DiffractMOD - Computation Completed - X: 66. o [=[q
File Edit “iew BRun Help

File Edit Yiew Options Rur b bl e Lo Lol sel
E = == =4 —RSoft CAD Layout - GratingMoD - [CYJISRYmingmingideviarche
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| Select Mode | ¥:-1.16 | Z: 1.66 |

A =0.85 um, Period = 0.8233 um
n,=1.46,n,=0.1 +5.581

Reference: L. L1, J. Opt. Soc. Am. A, Vol. 10, No. 12 (1993) RSOFT
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3D Periodic structure

Structure: a 3D surface-relief
checkerboard grating

Simulation results

Efficiencies (%0) of the Transmitied Diffraction Orders

Diffraction -2 -1 I 1 2

Order Period (x,y) = 0.8233 A
2 i 1 00413 i i - _
1 0 01260 0 01260 i Relief Depth = A
0 0.0625 0 01857 0 0.0625 n=15n,=1
1 0 01260 0 01260 i
; i 0 0.0413 i i

X

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

Structure: multi-layer resonant Simulation results
grating filter
Reflection
I 10 1.500
O T AU SR AN S A U S P Y3 1.9t
E}y g 0.8 I I S S N RS b o
Air ‘ﬁ_zjg_zrim § O R R
TO E 0.6 1 - -
0, d=dam  m i
SIO.I = = 04 | A
2t d,=146nm g B SR N | O TR
TILO2 d‘=28?m uDE 092 - F-+oon b
0.0

40 42 44 46 48 50 52 54 56 58
Launch Angle (degree)

A =1.58 um, nTiO, = 2.298,
nSi0, = 1.444, nGlass = 1.51

Reference: G. Niederer et al., "Tunable, oblique incidence resonant

grating filter for telecommunication", Applied Optics. RS OF T
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MOST: Multi-variable Optimization & Scanning Tool

&JRSoft MOST 0.2.0 Parameters !EIE
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Structure: tapered waveguide
segmented 1nto 8 sections, each

width 1s a variable of optimization

Fﬂ]RSoft CAD L'-wout BeamPROP - [C:\RSoft} ex'—nnples optlscan optlmlzer ge !Elﬂ

Optimization of a Waveguide Taper

Results: genetic algorithm closing

in on the optimal design.
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Optimization of a Waveguide Taper

Target Output Field:

= WinPlot - [Plot: target.pcs] ;IEI?IJ

") Elle Edit Plot Draw Options Window Help _|ﬁl|

3

Output Field of Linear (unoptimized) Taper:

=2 WinPlot - [Plot: t.pfd]

") Ele Edt Plot Draw Options Window Help
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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 VCSELSs 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.

RSOFT
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Simulation of Silicon Modulators

| . ==

Figure 1 Schematic disgram showing the cross-sectional view of a MOS capac .00
-insufaior” technol I ooy T typ & doj |:| |:I

0 2 a . 2 10
Drive volimga, ¥, (W)

r Figure 2 Phase shift Ag versus drive voltage Vi of the MOS capacitor phase shifter
5|:-=ed flh |:h e shifier of above 1 C.H eed  inFig. 1 at a wavelength of A = 1.55um for different phase shifter lengths, The

of the device depends on silicon and polysilicon resistances. A surface dops 1; d—n ty of  symbols represent the measured phase shifts, znd the solid lines are the simulated phase
1% 10" cm ™ was design ﬂr o minimize the metal-semiconductor contact resistance,  shifts,

S [=11=3) Wl = winPlot - [Plot: tmp_Effective - o] x|
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=l Eile Edit Plot Draw thmns Wmdow Help 18]
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DEF, || GRAT
0.1
QIE
1 H 3 4 5 &
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| Select Mode | | | | | X:7.7434 | Y:-0.0404

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

» Results for the SIO

modulator presented in
NATURE, VOLE 427, 12

FEBRUARY 2004, pp 615-8.

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

e Accounts for free-carrier
absorption via modified
Drude model
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Modulators (cont) — Tool Integration

BERSoft CAD Layout - BeamPROP - [Ci, =] 3
b File Edit Yiew Options Bun Graph  Utility  Window Help == x|

EECEEEE S EICEEEZEE R

X:13.6 Z:-4200.0

The results of four LaserMOD simulations,
describing a tapered ridge, are passed to
BeamPROP via a single file.

» 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.

e BeamPROP reads the 3D
complex profile and
incorporates it into a larger
circuit, to simulate optical
performance.
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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 1s most critical as the coupling mechanism between
transport and optics, quantum mechanical in nature
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Integration of Device and System Simulation (cont):
VCSEL Nearfield/Farfield Coupling to Multimode Fiber

i a
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LaserMOD™ Device Level Simulator —
exports a nearfield or farfield profile
that can be read by system level tool.

[ vie2 [

OptSiIm™ System Level Simulator — multimode
(ModeSYS™) module for determining system
performance in presence of modal dispersion.
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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 =2 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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