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CHAPTER 1: WELCOME TO OptiGrating 4.2

Welcome to OptiGrating 4.2

Welcome to OptiGrating 4.2 - a powerful and user-friendly design software for
modeling integrated and fiber optic devices that are assisted by optical gratings. The
operation of many telecom and sensor devices is based on optical gratings which
alter coupling between guided light modes. For example, waveguide grating
technology has been used in WDM optical networks, laser stabilization, and
temperature and strain sensing. A grating-assisted device can be analyzed and
designed by calculating light propagation, reflection and transmission spectra, the
phase group delay, and the dispersion. While the calculation results depend on
waveguide and grating parameters, the design task can be greatly facilitated by the
use of the appropriate computer software: OptiGrating 4.2.

OptiGrating 4.2 offers you different options for analyzing and designing typical grating
assisted fibers and waveguides. You can select one of the options and set device
parameters. For example, the design of a Bragg fiber grating filter involves
adjustments of the grating shape, length, apodization, index modulation and chirp,
according to the fiber diameter and refractive index. Once such a device setup is
done, you can use the program to perform numerical simulations. Such simulations
are based on solving coupled mode equations that describe the interaction of guided
modes. The coupled mode equations are solved by the Transfer Matrix Method (a
fundamental matrix method).

What is new in version 4.2 of OptiGrating
The OptiGrating 4.2 has the following new features:

Inverse scattering problem solver

A powerful new module solves the inverse scattering problem of Bragg gratings. This
new feature can be used in one of two ways. First, it can be used to reconstruct an
unknown grating from knowledge of the reflection spectrum. Second, if the user has
certain required spectral characteristics and would like to design such a grating, this
feature can aid in the synthesis of the device.

Advanced slab waveguide and fiber mode solver

The solver can be used to find guide gain/loss and leaky modes. These modes have
complex modal indices, so the search for the solutions is more difficult, as the search
space is twodimensional. However, OptiGrating Version 4.2 uses an advanced
technique for finding these solutions. A region is specified in the complex plane by
giving limits to the imaginary values as well as the real ones, defining a rectangular
shaped contour in the complex plane. OptiGrating makes a series of numerical
contour integrations to construct a polynomial with zeros at the solutions, and then
solves the polynomial problem by standard techniques. The result is a fast, accurate,

and very reliable solver.
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Group Delay Analysis tool

This new feature is a curve fitting regression technique with a graphical interface. You
can see the tool fit linear, quadratic, or arbitrary order curves to the calculated group
delay. In this way the user can quickly get data for characterizing the group delay,
GDD, and ripple automatically.

Increased export options

OptiGrating now gives the user a yet another option when exporting complex
spectrum data. In addition to the Text and BPM_CAD View 2D choices, OptiSystem
is now also available. The OptiSystem option allows the user to export both
transmission and reflection into one single file containing wavelength, transmittivity
real part, transmittivity imaginary part, reflectivity real part, and relectivity imaginary
part. This file can be used as an input file for OptiSystem.

Improved functionality

OptiGrating 4.2 improves the overall functionality in several areas, including new
commands that allow the user to work within Fiber/Waveguide with greater ease.

How to Learn OptiGrating 4.2 and Where to Find Help

You can quickly become an efficient OptiGrating user by carefully reading the
Technical Background chapter, doing the Tutorial lessons, referring to the User Guide,
and consulting the Online Help.

The Technical Background chapter

The Technical Background chapter offers you a summary of the theoretical concepts
on which integrated and fiber optical gratings is based. You will find not only helpful
definitions and a number of important formulas you will use quite often, but also a list
of technical references as well.

The OptiGrating Tutorial

The best way to learn how to work with OptiGrating is to do the Tutorial lessons. By
following the step-by-step instructions, you will see how quickly you can become an
highly efficient OptiGrating user.

The OptiGrating User Guide

The User Guide describes in detail some of the most important commands and
options available in OptiGrating. For your convenience, the commands are listed
according to the menus under which they appear in the program. The task-oriented
topics, which provide illustrations and examples to help you understand OptiGrating
concepts, contain everything you will need to do your work quickly and effectively.

Online Help

You can also find additional information on using OptiGrating in the Online Help. To
access Online Help, from the Help menu click Help Topics. Use either the Contents
tab, the Find tab, or the Index tab to get the information you need.
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Tour of the OptiGrating Main and Project Windows

After you create a new project or open an existing one, you will see the OptiGrating
Main Window, as shown below.

The Main Window

The Main Window of OptiGrating 4.2 is a multi-document interface that allows you to
open several grating projects simultaneously.
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The Menu Bar displays the command and option menus that OptiGrating offers you.
The Toolbar displays the buttons you can use to speed up your work.

OptiGrating 4.2 allows you to use not only the standard buttons for working with files
but also the Clone View, FWHM Tools. You will find detailed information about those
buttons in the User Guide.
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The Project Window

The Project Window contains the Data Entry Pane (on the left side of the window) and
the graphic display (on the right side of the window). The Data Entry Pane enables

you to select one of the calculation options, to set the range of the calculation variable,
the number of calculation steps, etc. The command buttons provide an easy access

to the most often used commands. You can control the graphic display by using the
Display tabs.

Toggle form pane  Display curves

Transmittivity S Rellectivity

Calculate

CUIVES
L Edit parameiers Display tabs

The Toggle Pane button toggles the display between the window that has a Data
Entry Pane and the Graphics window.

The Display Curves buttons turn on and off the following curves: Transmission 1,
Transmission 2, Reflection 1, and Reflection 2.

The Calculation list box offers you the following options: Propagation, Spectrum,
Pulse Response.

Edit Parameters consist of the following buttons (from top down): Fiber/ Waveguide

parameters (edit fibers or waveguides), Mode parameters (edit list of modes), and
Grating parameters (edit gratings).

The Calculate button starts numerical calculations.

The Display tabs switch the display between different characteristics.
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An Overview of Basic Concepts

What is a Main Window

The main window of OptiGrating is a multi-document interface which allows you to
open several grating projects simultaneously.

You can also use a Multiple Window view. It is important to remember that you get
different tools, exporting curves, and printing options that are specific for each active
window, i.e. the window you are currently using. In the Multiple Window view, the
project window is split in two. The Input View window, with all edit boxes, is on the left;
the graph is on the right. If your active window is Input view, you cannot print, export
acurve, or use any of the tools. In order to be able to do all those operations, you have
to click in the window containing the graph.

What is a Workspace

In OptiGrating, you can save your multiple graph windows as a workspace. When you
use the Save Workspace option, you are saving not only multiple windows but also all
the information (settings, position and size of the windows, etc.) stored in those
windows. When you open a saved workspace, you actually open all of the projects or
views saved in that workspace.

What is a Template

A template is a collection of settings and options that work together to govern the
overall appearance of a project. Templates can be applied at any time when you are
working with OptiGrating. When you want to apply a template, you have to define the
files you want to open with that template.

How to Clone Views

To facilitate your work, OptiGrating allows you to clone views. You can create as many
windows as you want and arrange them in an order that best suits your style of work.
It is important to remember that all windows share the same document and that they
are displaying the same data but from different view points. If you decide to
recalculate, i.e. change the data, all windows will be redrawn.

How to view graphs effectively

In each window that contains a 2D graph, there are four different curves. You can see
one or more of those curves by using the color buttons on the small toolbar. To
activate the buttons, click the graph at the top of the Multiple Window view. You can
access a pop-up menu by clicking the right mouse button in a particular window. The
pop-up menu that opens shows you the graph tools you can use in this window.

Saving IFO data files

By default, *.ifo data files are saved with all graphs (with the exception of 3D
Propagation graphs). The next time you load the file, you will immediately see the
graphs, i.e. no re-calculation will be done. A Data file, with the graphs included, is
about a hundred KB. If you disable the Save Display Data to *.IFO File check box in
the General Settings dialog box, your files will be about 10KB. However, to see the

graphs, you will have to re-calculate every time you open the file.
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Using Pop-up (Context) Menus

You can access a pop-up menu by double clicking the left mouse button in a particular
window. The pop-up menu that opens shows you the tools you can use in this window.

When you use the left mouse button to click inside a window, you automatically make
the window active.

An Overview of Basic Features in OptiGrating

The most important feature applications of OptiGrating are the following:
+  WDM add/drop, narrow and broadband fiber and waveguide filters

* Fiber Bragg reflectors

+ EDFA gain flattening elements

» Dispersion compensators for fiber communications

« Sideband suppression using grating apodization

* Fiber and waveguide sensors

Using Pre-defined Device Configurations

OptiGrating allows you to use the following pre-defined device configurations:
+ Single fiber with grating(s)

+  Two fiber coupler with grating(s)

»  Asymmetric slab waveguide with grating(s)

»  Two slab coupler with grating(s)

+  Other waveguide with grating(s)

Note: For each device configuration, a mode solver provides a complete list of
waveguide modes. You can design the grating that assists coupling between
selected modes and has control over all device parameters.

Working With Default Device Configurations

All default device configurations have the following common grating options:
» Grating shape: Rectangular, Sine, From File, or User Defined Funtion
* Average Index: Uniform, Linear, From File, or User Defined Function.

*  Period chirp: Linear, Quadratic, Square Root, Cubic Root, From File, or User
Defined Function

* Apodization: Gaussian, Hyperbolic Tangent, From File, or User Defined Function
» Adjustable parameters: Period, Length, Index Modulation or Height, Shift, Order,
Tilt Angle, and Number Of Segments

Using Simulated Device Characteristics

OptiGrating simulates device characteristics according to the following calculation
options:
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Propagation - reflected and transmitted power along the propagation distance in
the device, calculated for a given wavelength

Spectrum - reflected and transmitted power, cumulative phase, group delay, and
dispersion versus wavelength, calculated at the input and output ports of the
device

Pulse response - input pulse intensity spectrum, grating spectrum, output pulse
intensity

Scan — bandwith, sidelobe, peak value, peak position, and dispersion at central
wavelength versus scan parameter (all the parameters of grating are scanable)
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Technical Background

Integrated & Fiber Optical Gratings

An integrated or fiber optic grating is a periodic modulation of the refractive index in a
waveguide or on the surface of a waveguide. It can be fabricated by using either two-
beam interferometry or near-field holography through an optical phase mask.
Waveguide gratings play an important role in WDM systems since they can be used
for controlling, combining, and routing light. OptiGrating 4.2 is based on the Coupled
Mode Theory (CMT). The program has built-in mode solvers providing modal
constants and fields needed to formulate the Coupled Mode Equations (CMEs). In
turn, the Coupled Mode Equations are solved by using Transfer Matrix Method
(TMM).

The Coupled Mode Theory Method

Coupled Mode Theory is a method to analyze the light propagation in perturbed or
weakly coupled waveguides. The basic idea of the Coupled Mode Theory method is
that the modes of the unperturbed or uncoupled structures are defined and solved
first. Then, a linear combination of these modes is used as a trial solution to Maxwell’'s
equations for complicated perturbed or coupled structures. After that, the derived
coupled mode equations can be solved analytically or by numerical methods. The
theory assumes that the field of the coupled structures may be sufficiently
represented by a linear superposition of the modes of the unperturbed structures. In
many practical cases, this assumption is valid and does give an insightful and often
accurate mathematical description of electromagnetic wave propagation. The
Coupled Mode Theory is most useful in the analysis of the interaction between
several near resonance guided modes. It has been widely used and proven to be one
of the most productive and efficient methods for the analysis of waveguide devices.
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Index profile of fibers or slab waveguides

Refractive | ndex

The radial distribution of the fiber refractive index is called the index profile. In the

case of a slab waveguide, the transverse refractive index is called the index profile.

The index profile determines guiding properties of the fiber or slab waveguide. In
general, the core region has a higher index than the cladding region. However, the
index profile can have regions where the index is lower than the cladding value.
Modern fiber or slab waveguide designs are based on index profiles that assure
proper operation within a range of wavelengths.

For example, a dispersion flattened fiber design involves a few concentric index
regions.

Flier Profiz
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In OptiGrating 4.2, regions define a fiber or slab waveguide profile. Each region has
its dimension (width) and refractive index profile. The default refractive index profile
options are listed below, where x is the region’s local coordinate, w is the width of the

region.

Constant index profile:
n(x) = const

Linear index profile:

_ n(w) —n(0)
n(x) = n(0)+x- ”

M

@)
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Parabolic index profile:

1(x) = [n0w) - n0)]-(£)° + n(0) ®

w

Exponential index profile:

e

n(x) = [n(0) =n(w)]- == - eXP(‘f‘v) *

e

e-n(w)—n(0) (@)
e—1

where n (0), n (w) is the refractive index at x=0 and x=w, respectively.
Gaussian index profile:
2 (x—x)7

( 0):| 5)

= _1 2-
n(x) = n,,.exps—In [ P

where n,,,, is the maximum index value X, is the peak position, and h is the
normalized value of FWHM

Alpha-peak index profile:

— . 1_2A.(£)a (®)
n(x) nmax /\/ W

where ", is the maximum index value, and A is the normalized index difference.
The difference is defined as

2_ 2
A — nmax nmin (7)
znma%c

Alpha-dip index profile:

n(x) = ny,, - Jl—zA-(l—f) ®

w

where 7,,,. is the maximum index value, and A is the normalized index difference.

17 (‘,
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Waveguide Modes

In a waveguide, light propagates in the form of modes. OptiGrating 4.2 uses LP Fiber
modes, Vector Fiber modes, and Slab Waveguide modes.

LP Fiber Modes

The designation of Linearly Polarized (LP) Fiber modes is based on the assumption
of weak guidance. Weakly guiding fibers have a small difference between core and
cladding refractive index.

The LP (m, n) modes are designated by two numbers:
1 m — azimuthal number

2 n — orbital number

where m=0, 1, 2, ... and n=1, 2, ....

Both guided and cladding modes of arbitrary circular symmetric refractive index
profiles are calculated either by the accurate finite difference method or by the
analytical method (step index profile). The fundamental mode of fiber is LP (0,1).

Vector Fiber Modes

The designation of Vector Fiber modes TE, TM, EH, and HE follows the convention:
1 TE(O,n) — transverse electric family of modes

2 TM(0,n) — transverse magnetic family of modes

3 EH(m, n) — hybrid family of modes

4 HE(m, n) — hybrid family of modes

where m>0 and n=1, 2, ... .

In OptiGrating 4.2, the vector modes are calculated only for the step-index fiber. The
stepindex calculations are based on the analytical approach. The fundamental mode
of the stepindex fiber is HE (1,1).

Slab Waveguide Modes

The Slab Waveguide modes are the following:

1 TE(m) — transverse electric family of modes, m=0, 1, 2, ...

2 TM(m) — transverse magnetic family of modes, m=0, 1, 2, ...

The modes of a slab waveguide with arbitrary refractive index profile are calculated
either by the Transfer Matrix Method or by the analytical method (step index profile).
The fundamental mode is TE (0) or TM (0).

Mode Solver

Near the end of any calculation that finds the modes of an optical waveguide, it is
necessary to find the solution of an equation. This equation is a function of the
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propagation constant 3 and typically includes mixed trigonometric and exponential
functions. Therefore a numerical solution, rather than an analytic one, is sought. For
waveguides composed of lossless materials, the proper modes are easy to find since
they are real numbers. Simple numerical routines need only to be provided with an
interval on the real axis where the solutions can be expected, and itis a simple matter
to find them all. On the other hand, in the case of leaky waveguides, or in the case of
waveguides composed of lossy materials, the equation may still have solutions, but
with 3 in the complex plane. These solutions are not proper modes, in the sense that
the corresponding solutions for the electromagnetic fields are orthogonal to each
other, or even (in the case of leaky modes) localised. Nevertheless, the
electromagnetic field associated with this complex solution is still a valid solution of
Maxwell's equations, and is relevant because it is often a good approximation to the
field seen for this waveguide in practice.

The numerical procedure for the so-called complex modes is more difficult, as the
search space is two dimensional. However, OptiGrating Version 4.2 uses an
advanced technique for finding these solutions. The user must specify a region in the
complex plane by giving limits to the imaginary values as well as the real ones. This
defines a rectangular shaped contour in the complex 3 plane. By one of the theorems
of Cauchy, the number of zeros of a function (minus the number of poles) enclosed in
a closed contour in a complex plane is given by the contour integral

LBy o
Mo 2m f(B)

OptiGrating performs the contour integral numerically, and uses the above formula to
determine the number of complex modes to be found within the given limits. The
calculation of the modes is aided by the numerical evaluation of the following integrals
at the same time

p_ L gl ®) ’
2.0 " ) P "

c
form=1,2,3,... Ny.Infact, knowledge of the N,, allows the construction of a
polynomial that has the same roots as f(3) . The roots of the polynomial are then

solved by standard techniques such as Laguerre's method. A detailed description of
the method can be found in the Reference [1].

19 (‘,
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Material and Waveguide Dispersion

Material refractive index varies with wavelength and therefore causes the group
velocity to vary; it is classified as material dispersion. The wavelength dependence of
refractive index can be expressed by Sellmeier’s equation. Waveguide dispersion is
the result of wavelength-dependence of the propagation constant of the optical
waveguide. Itis important in single-mode waveguides. The larger the wavelength, the
more the fundamental mode will spread from the core into the cladding. This causes
the fundamental mode to propagate faster. The material and waveguide dispersion
effect is important when the grating filter has a broadband response, such as a co-
directional waveguide coupler and a long period fiber grating. In these cases, the
waveguide mode constants are re-calculated for different wavelength by considering
material dispersion.

Host materials

Optical telecommunication fibers are usually made from silica glasses. The high purity
glass is called the host material or substrate. Its bulk refractive index is usually the
fiber cladding refractive index. The fiber core is formed by adding dopant materials to
the host material.

Dopant materials

To change the refractive index of optical fiber, pure silica is often doped with dopants.
For example, adding germanium can result in an increase in the refractive index,
while adding fluorine reduces it. The refractive index of doped material can be
determined by the linear relationship between the doped material’s mole percentage
and permittivity.

Assume that n0 is the refractive index of the host material and n1 is the refractive
index of m1 mole-percentage doped material. Then, the refractive index n of m mole-
percentage doped material can be interpolated as:

) m . 2
n? = n; +—(ny+ngy) an
m,

Note that this formula can also extrapolate (the case where m > )

Material dispersion calculation

In OptiGrating 4.2, when the refractive index at a central wavelength ) o, 72(A,), and
the host and dopant material dispersion curves, 7j0,(A) and Raopani(X) are
defined, the dependence of the refractive index with wavelength, n(A.), is calculated
based on the following equation:
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2 2
n“(hg) —nj, ., (Ag)
I’lz(?\,) _ ”}Zwsz(k)"" 5 ost

. [n2 (}\‘)_n2 M] (12)
ndopant(ko) — n%ost()‘o) dOpant host

This equation is the same as (11), with the fraction m/m, estimated by comparing,
at the centre wavelength A, , the refractive index of the given material with the index
of a doped material with known Sellmeier coefficients 7,,,,,, . OptiGrating uses
Equation 12 to handle the case where the Sellmeier coefficients are known for
material of just one doping concentration. If the material in question has the same
dopant, but with an unknown concentration, the fraction in Equation 12 will estimate
the concentration by comparing the given index n(Xo) with the reference index
Naopani( o) . With the doping concentration estimated this way, the refractive index
at other wavelengths is accurately estimated by Equation 12. On the other hand, in
the case where the Sellmeier coefficients are exacly known for the given material, the
user can enterthem himself in OptiGrating's Sellmeier Coefficient Library. OptiGrating
still uses Equation 12, since in this case the fraction is calculated as unity, and the left
hand side is assigned to 74,,,,,(A) for all wavelengths directly.

Complex Index profile

In OptiGrating 4.2, the index profile of the fiber or slab waveguide can be complex.
The imaginary part of the modal effective index can be calculated by the perturbation
method based on the coupled mode theory as:

N
_ (13)
Ky = > T)K,
i=1

where N is the number of layers of the waveguide index profile, K; is the imaginary
part of the refractive index of ith layer material, and I'; is the confinement factor of
the mode in the ith layer. The above equation is based on the perturbation method,
and itis only valid when Keff« 1 -
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Photosensitivity profile of the fiber and the slab waveguide

It is well known that a germanium-doped silica fiber exhibits photosensitivity, i.e., a
permanent change in the refractive index of the core when it is exposed to light from
an appropriate laser. High photosensitivity can be achieved by increasing
concentration of germanium, codoping suitable elements which has enhanced
photosensitivity, and high pressure hydrogen loading etc.

In OptiGrating 4.2, The transverse photosensitive distribution is called the
photosensitivity profile. The photosensitivity profile for a fiber can be described as:

(14)

P(r,0) = P.(r) - P,(9)

where (7, @) is the radial and azimuthal co-ordinates, P.(7) is the radial dependent
photosensitivity (its value is between 0 and 1.0), and P(p((P) is the azimuthal
dependent photosensitivity (value between 0 and 1.0). The photosensitivity profile for
the slab waveguide can be described as P(y) (value between 0 and 1), where y is
the transverse coordinate of the slab waveguide.

In OptiGrating 4.2, regions define the fiber radial photosensitivity profile or slab
waveguide photosensitivity profile. Each region has its dimension (width) and
photosensitivity index profile. The default photosensitivity profile options are the same
as the default options for the index profile.

Grating Device Modeling

(‘, 22

Single Grating Formula

A grating can be represented by the formula that combines a grating shape function,
an average index modulation function, a period chirp function, and an apodization
function:

n(x,y,z) = ny(x,y) +Any(z) 15)
+An-P(x,y)-A(z) - fIA(z)/ cos0, z]

where
ny(x,y) - waveguide refractive index
An - index modulation amplitude
0 -grating tilt angle
JIA(z)/ c0s0, z] - shape function
Any(z) - average index modulation function

A(z) - period chirp function
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A(z) - apodization function
P(x, y) - Photosensitivity profile of waveguide

In Equation 15, the average index modulation function Any(z) is applied over the
whole transverse plane. The average index is applied to the modal index of the
simulation. It is like changing the index of every layer in the profile by the same
amount at position z. The Average Index value is set and controlled by the user in the
Grating Definition dialog box. The software does not modify it. If the Sensors option
is used in grating definition, the Sensors option may change the average index and
the period chirp, but this change will be added to the specifications of average index
and period chirp defined here during the calculations of spectrum and propagation.

Detailed definitions are given below.

Grating Shape

In OptiGrating, the Grating Shape is the profile of index modulation within one grating
period A .

The default grating shapes are:
* Rectangle

+1 O0<z<A/2 (16)
-1 elsewhere

fz) =

e Sine

f(z) = sin (2%2) ("

Other grating shapes can be supplied from a user file or defined by user functions.

Average Index Modulation

In OptiGrating, the Average Index Modulation is the average index change along the
grating length. The default average index modulations are listed below. The symbol
delta (A) is the total index change along the grating.

e Uniform

Any, = A A «ny e

23 (‘,
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¢ Linear

_Z—L/2

Any = 7

A A «n,

(19)

Other average index modulations can be supplied from a user file or defined by user

functions.

Grating Period Chirp

Grating Period Chirp is the distance-dependent grating period modulation. The

default Period Chirp options are listed below, where the constant chirp term is the
grating period in the middle of the grating, L is the grating length, and the symbol delta

(A) stands for the total chirp.

*  No chirp (constant period):

A(z) = A,
e Linear:
Az) = AO—Z_TL/zA A« A,

e Quadratic:

A(z) = Ay— [@2 _ ﬂA A« A,

*  Square root:

A(z):AO—M%—ﬁ}A A A,

*  Cubic root:

A@z) = Ag— [{%-é% A« A

Other chirp forms can be supplied from a user file or defined by user functions.

Grating Apodization

The Grating Apodization is the slowly varying envelope of the grating profile.

(20)

(21)

(22)

(23)

(24)
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The default apodization options are listed below, where s is the taper parameter and
L is the grating length.

* Uniform (no apodization):

A(z) = 1 )
+ Gaussian:

2
A(z) = expy—In2 - [%} (26)

* Hyberbolic tangent:
A(z) = tanh(s-z/L) - tanh[s - (1 —z/L)] + 1 — tanh’(s/2) "

Other chirp forms can be supplied from a user file or defined by user functions.

Phase Shift

The Phase Shift element is a piece of the current waveguide structure without the
grating.

The Phase Shift element can be defined alternatively by one of the two parameters:
* Phase — phase change accumulated in the Phase Shift element

* Length — length of the element

Multiple Gratings

You can simulate a collection of gratings and phase shifts in one waveguide device.

Phase Phase
|Shiﬂ 1 Shift 2

Grating 1 Grating 2 Grating 3
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Coupled Mode Equations

Assume the electric field is a linear combination of the ideal modes (with no grating
perturbation), such that

E@) = Y latexp(-jB2) + af exp(iB) 1, S

where a,(+) and a,(')are th;a slowly varying amplitudes of ith mode traveling in the +z
and -z directions. [31- and e; is the propagation constant and modal field of the ith
mode.

The above electric field is used as trial solution in the Maxwell’s equation. The
following Coupled mode Equations (CMEs) can be derived by using the properties of
waveguide modes,

da(ﬂ
i ‘J"Z{af)kkiexp[—j-(ﬁk—ﬁi) 21+ afkgexpli- (B T B <21} @9)
k
da(')
— = Z {a{Dk exp[~j- (B, T B)-z]+ak exp[j-(B,-B)-z]}  (30)

k

The coupling coefficient between modes k and i is given by:

ki = 411(”80_['[;’2(% V,2)e, - &, dxdy (31)
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n2(x,y,z) = n2(x,p,z) —n(x,») .

where ﬁz(x, y, z) is the periodic refractive index perturbation of the grating,
and ny(x, ) is the index profile of waveguide. 7n(x, V, z) is the grating index profile.

In OptiGrating, the coupled mode equations are based on non-orthogonal coupled
mode theory. Both the waveguide nature coupling and grating coupling are
considered. In order to formulate the coupled mode equations, waveguide modal
constants, fields, and coupling coefficients are calculated based on waveguide and
grating profiles. The coupled mode equations are then solved by the two mode or by
the multi-mode coupling formulation.

Transfer Matrix Method

If the device has more than one grating plus phase shifts, the coupled mode equations
can be solved by the Transfer Matrix Method. This method can also be used very
effectively in the analysis of almost-periodic gratings. The general idea of TMM is that
the grating structure is divided into a number of uniform grating sections, which have
an analytic transfer matrix. The transfer matrix for the entire structure can be obtained
by multiplying the individual transfer matrices. The Coupled Mode Equations can be
solved with the initial values.

Grating Pulse Response

The Coupled Mode Equations are derived in the context of a monochromatic
frequency CW light source for linear propagation. The spectrum of the input pulse can
be obtained by taking a Fourier transform of the input time-dependent waveform. The
response to the input pulse can be calculated by considering each spectral
component separately and adding over the spectrum of the input pulse. The output
pulse spectrum can be obtained by multiplying by the appropriate grating device
frequency response. The corresponding output time waveforms can then be
recovered by taking the inverse Fourier transform.

Fiber Grating Sensor

Temperature and strain change the grating period as well as the grating refractive
index. Consequently, the response of the grating device is changed when
temperature and strain distributions change.
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Strain-optic effect of fiber Bragg grating

The changes of optical indicatrix caused by strain are:

6
I = (33)
A() - TP

j=1
where,e, = €, = —Vg, €, = €,& = € = & = 0 (no shear strain), and ¢
being the axial strain in the optical fiber. The symbol v denotes the Poisson’s ratio

for the fiber.

The strain-optical tensor for a homogeneous isotropic material is:

P11P12P12
Pij: P12P11 P12 e
P12P12P11

where Pi/ are the strain-optic constants,

A(,%) - A(lz) = ePp—ev(P +Ppy) 49
X,y n 1,2

The refractive index change is:

1 1 1
An = —§n3A(’?)x , = —§n38[P12 — V(P Pp)] (36)
:n . y . 8
where the strain-optic coefficient y is defined as:
1dn
Y= ode —0.5%n[P, = v(Py; + Py,)] e
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The grating period changes is:

AA = g - A 8
The default strain distributions that can be applied to a fiber grating are listed below:
*  Uniform
€ = g (39)
where g, is the constant strain.

* Linear
e(L)—¢(0 4
S(Z) — 8(0)+ ( ) ( ) (40)

L

where L isLthe grating length, g(0) is the strainat Z = 0, and €(L) is the strain
at 2 ©

« Gaussian

2. (z—L/2)T )

€ = gy exp —an-[ "

where €y is the peak strain value and w is the normalized value of FWHM.
Other strain distributions can be defined by user functions.

Thermal-optic effect of fiber Bragg grating

The temperature-induced refractive index change is:

dn
AT =&-n-AT “2)
n-dt S

An = n-

where & is the thermo-optic coefficient of the fiber and A T is the temperature
change.

The temperature-induced grating period change is:

d_A — ) (43)
AN = A - YT AT = n-A-AT

where 1 is the thermo-optic expansion coefficient.

The default temperature distributions that can be applied to a fiber are listed below:

29 (‘,
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*  Uniform
AT = AT, “
where AT is the constant temperature.
* Linear
AT(z) = AT(O)+AT(L)ZAT(O) s (45)

where L is the grating length, AT(0) is the temperature at z = 0, and AT(L) is
the temperature at z = L.

« Gaussian

MT (46)

AT = AT, - —In2 -
o €xpy—In [ "

where AT, is the peak temperature value and w is the normalized value of FWHM.

Other temperature distributions can be defined by user functions.

Grating Device Characteristics

Reflection

Reflection at a given position is defined by the ratio of back-reflected power to input
power:

P
R = P—B Py —backward power P, —input power  “7)
IN

The program calculates reflection for both coupled modes, called Reflection 1 and
Reflection 2 respectively.

* For Propagation calculations, the reflection is obtained at every point along the
grating device. In the case of multiple gratings, the device begins with the first
grating and ends with the last grating:

R = Pp(z) 0<z<endofdevice M\ = const “9)
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»  For Spectrum calculations, the reflection is obtained at the end of the device

POy
R P

Transmission

z = 0 7\‘ € (}\‘min’ }\‘max) (49)

Transmission at a given position is quantified by the ratio of forward-carried power to
input power:

Pr . (50)
R = N P —forward power P, —input power
IN

The program calculates transmission for both coupled modes, called Transmission 1
and Transmission 2 respectively.

*  Forpropagation calculations, the transmission is obtained at every point along the
grating device. In the case of multiple gratings, the device begins with the first
grating and ends with the last grating:

R = Pp(z) 0<z<endofdevice 5

»  For spectrum calculations, the transmission is obtained at the end of the device.

_ Py
Py(M)

Cumulative Phase

R z = end ofdevice A€ (A, Mpar) %2

Cumulative Phase is the phase change of the electromagnetic field accumulated for
a given wavelength.

Group Delay

Group Delay is the first derivative of the cumulative phase with respect to the angular
frequency.

_4dY _ d¥d. _ A\ ad¥

Wy ; (53)
¢ T o D do Trodn cumulative phase
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Dispersion

Dispersion is defined as the first derivative of the group delay with respect to the
wavelength.

dT A2 Td2y | 2dy
D = 8 = _ - _ r L=t (54)
) dh 2nc[dk2 kd%}

The Inverse Scattering Problem

The reconstruction method uses a layer peeling algorithm, a complete description is
found in reference [1]. This method can be implemented after the problem is
approximated by a series of discrete layers, each with a constant coupling coefficient.
At the beginning of the problem, all these coupling coefficients are unknown. The
method uses an iterative approach, in which the first N layers of the profile are
assumed known, and in the next iteration, the coupling coefficient for the N+1 layer is
deduced. The layers are chosen to be of uniform width so that the time it takes for a
wavefront to cross any layer is a constant, A. The method uses the fact that the
impulse response at the time 2(N + 1)A must be independent of all the layers
following the layer N+1. By the property of causality the impulse response at this
instant must be independent of the coupling coefficients to be found in the layers N+2,
N+3, and so on. On the other hand, the coupling coefficients in the first N layers are
assumed known, so by solving the scattering problem with these N layers, the
impulse response for a grating truncated at the Nth layer can be found. Furthermore,
the truncated impulse response from the first N+1 layers can be found if only the
single coupling coefficient at N+1 were known. The truncated impulse response is
then compared to the desired impulse response at time 2(/N + 1)A. By choice of a
suitable value of coupling coefficient in the N+1 layer, the impulse response of the
truncated grating can be made the same as the desired impulse response, from time
Ouptotime 2(N + 1)A. Inthis way the coupling coefficients in the first N layers are
used to find the coefficient in the N+1 layer. The unknown layers are “peeled” from the
grating one at a time.
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Technical References

You will find below a list of general references relevant to waveguide and fiber
gratings and to waveguide optics. Optiwave Corporation does not endorse any of the
references, nor do the OptiGrating algorithms follow exactly the publications. The
references are listed for your convenience:

General books about waveguides and fibers

[1] M. J. Adams, "An Introduction to Optical Waveguides," J. Wiley and Sons, New York, 1981.

[2] J. A. Buck, "Fundamentals of Optical Fibers," J. Wiley and Sons, New York, 1995.

[3] W. Snyder and J. D. Love, "Optical Waveguide Theory," Chapman and Hall, London, 1991.

General books about Fiber Bragg gratings

[1 R Kashyap, "Fiber Bragg Gratings," Academic press, San Diego, 1999.

[2] A. Othonos and K. Kalli, "Fiber Bragg Gratings," Artech House, Boston, 1999.

Articles about the Coupled Mode Theory

[1] A. Yariv, “Coupled-mode theory for guide-wave optics,” IEEE J. Quantum Electron., vol. QE-9,
pp. 919-933, 1973.

[2] W. P. Huang, “Coupled-mode theory for optical waveguide: an overview,” J. Opt. Soc.Am. A,

vol. 11, No. 3, pp. 963-983, 1994.

Transfer Matrix Method

[1 M. Yamada and K. Sakuda, “Analysis of almost-periodic distributed feedback slab waveguide
via a fundamental matrix approach,” Appl. Opt., vol. 26, No. 16, pp. 3474- 3478, 1987.

Fiber and Waveguide Gratings

[1] K. O. Hill, Y. Fuji, D. C. Johson, and B. S. Kawasaki, “Photosensitivity in optical fiber waveguide:
Application to reflection filter fabrication,” Appl. Phys. Lett., vol. 32, no. 10, pp. 647-649, 1978.

[2] G. Meltz, W. W. Morey, and W. H. Glenn, “Formation of Bragg gratings in optical fibers by a
transverse holographics method,” Opt. Lett., vol. 14, pp. 823-825, 1989.

[3] D. K. W. Lam and B. K. Garside, “Characterization of single-mode optical fiber filters,” Appl.
Opt., vol. 20, No. 3, pp. 440-445, 1981.

[4] K. O. Hilland G. Meltz, “Fiber Bragg grating technology fundamentals and overview,” Lightwave
Technol., vol. 15, No. 8, pp. 1263-1276, 1997.

[5] T. Erdogan, “Fiber grating spectra,” Lightwave Technol., vol. 15, No. 8, pp. 1277-1294, 1997.

[6] F. Ouellette, “Dispersion cancellation using linearly chirped Bragg grating filters in optical

waveguide,” Opt. Lett., vol. 12, No. 10, pp. 847-849, 1987.

[7] P. Agrawal and S. Radic, “Phase-shifted fiber Bragg gratings and their application for
wavelength demultiplexing,” IEEE Photon. Technol. Lett., vol. 6, pp. 995-997, 1994. 28

[8] L. Dong, et al, “Noval add/drop filters for wavelength-division-multiplexing optical fiber systems
using a Bragg grating assisted mismatched coupler,” IEEE Photon. Technol. Lett., vol. 8, No.

12, pp. 1656-1658, 1996.
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[9] M. Vengsarkar et. al., “Long-period fiber grating as Band-Rejection Filters”, J. Lightwave
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Tutorial

The best way to learn how to work with OptiGrating 4.2 is to do the Tutorial lessons.
By following the step-by-step instructions, you will see how quickly you can become
a highly efficient OptiGrating user.

Although you can use OptiGrating to perform a huge variety of tasks, in these
introductory lessons you will learn how to design a Fiber Bragg grating, how to work
with Sensors, and how to define Material Dispersion.

Lesson 1 : Designing a Fiber Bragg Grating

In the first lesson, you will learn how to design a Fiber Bragg Grating with chirp and
apodization. Such a grating finds application in fiber dispersion compensation.

Step 1

The first thing you will do is to open a new project. Then, you will choose one of the
five available modules to work with: Single Fiber, Fiber Coupler, Single Waveguide,
Waveguide Coupler, and Other Waveguide.

To select the Single Fiber Module
1 File > New.

2 In the New dialog box, click the Single Fiber option.

n3 =
Single Fiber

Note: You can also open a new project by clicking the New button on the Toolbar.

Step 2

Next, you will define certain parameters for the Single Fiber. You will do that in the
Single Fiber dialog box in which you can set the following characteristics: Index
Profile, Photosensitivity Profile, Number Of Points In Mesh, Central Wavelength, etc.

To open the Single Fiber dialog box
1 In the Project Window, click the Fiber/Waveguide Parameters button.

() FberMw aveguide. . I
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The Single Fiber dialog box appears on the screen.
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Note: Since you are going to use the default parameters, you don’t have to
change any of the predefined options.

2 Click OK to close the Single Fiber dialog box.
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Step 3

In this step, you will access a list of the calculated modes of your Fiber/Waveguide
structure. The fiber you use is a single mode fiber.

To see a list of the calculated modes

1 From the Parameters Menu, click Mode.
2 Make sure that the Input Amplitude is set to 1 and the Phase is set to 0.
3 Click the OK button.

single Fiber Modes £

Seftings l &dvanced Setting: ]

— LP modes
i* LPm.n

m  Fram IE m o U n Max |10

—%ectorial modes
T HEmmn © EHmn OTE O COTM On

m From |1 m Ta |1 n Max |10

Recalculate Modes | Wiavelength |1.95 L
CxLP 017 -x (1.4518111) < NPUT MODE
-
-
Select All | Dezelect Al | Wi | Export [nidex |

|Fput mode:;

|nput amplitude; |1
Phasze [pi]: 1]

Cancel |

o |LF' (0. 1] -= (1.4518117) < INFUT Set
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Note: If you have chosen to work with the Single Fiber module or the Single
Waveguide module, you will see that there is only one list of modes in the Modes
dialog box. If you are working with other modules, you will see that there are two
lists available in the dialog box.

Step 4

In this step, you will learn how to open the Grating Manager dialog box and how to
access the Grating Definition dialog box in which you can define the parameters of
each grating. The Grating Manager gives you a list of your grating objects (and some
important information about those objects) and allows you to add, remove, or copy
gratings or phase shifts.

To open the Grating manager dialog box

[ GGrating...
1 From the Parameters Menu, click on the Grating...
2 In the Grating Manager dialog box, double-click the Grating 1 object to open

the Grating Definition dialog box.

Note: To open the Grating Definition dialog box, you can also click the Edit Item
button.

Step 5

In this step, you will define the parameters of the grating you're working with in the
Grating Definition dialog box.

To define the grating’s parameters

(arating D efinition

[ Surface Grating Grating Shape: | zine

[DEfitie
Order 1 dverage Index: | uniform - Index Change:

]
Tikt angle [deg] |0 Period Chirp: | linear ﬂ Tatal Chirp [nm): |2
Apodization: | uzer defined = | Taper's parameter: Define
Apply | i Q

IR

1

Period [pm]:

053381539 [v Auta Length [pm): |5EIEIEIEI [ Autocomrect [ Sensars
I Ind, Mod. |0.0006 e

Shift: |0

Murber of zegmentz: | 101 Cancel

I
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In the Grating Definition dialog box, from the Grating Shape list box, choose
Sine.

From the Average Index dialog box, choose Uniform.

In the Index Change box, make sure the index is set to 0.
From the Period Chirp list box, choose Linear.

In the Total Chirp box, type 2.

From the Apodization list box, choose User Defined.

In the Ind. Mod. box, type 0.0006.

In the Number of Segments box, type 101.

Note: You will notice that for some of the parameters you can use either the
predefined functions or the User Defined options. Notice that when you choose
the User Defined option form the Apodization list box, the Define button is
enabled.

* The grating will be defined by the number of segments entered in the Number Of
Segments box. All segments will be treated as a single uniform grating. Better
precision is available by increasing the number of the segments. However,
calculation time increases with the number of segments.

» All grating parameters are fully described in the Technical Background section.

Step 6

In this step, you will learn how to program functions in the User Defined dialog box.
The User Defined dialog box allows you to program functions by using Basic syntax
and to test visually the function by pressing the Display button. At the end of this step,
you will have defined all the necessary parameters for the Fiber Bragg grating.

To program and test functions

1

w=20.

In the Grating Definition dialog box, click the enabled Define button (next to
the Taper’s Parameters option).

Taper's parameter: Define |

In the User Defined Function dialog box, delete everything from the Edit
window (where you have a function already defined by default) and write the
following function:

7

exp (- (2* (x-Length/2) / (Length*w) ) *4)
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= & | = | Y pi ﬂ o abs ﬂ‘é 'ﬁ|:¢ [wary] ﬂ ‘ Display steps | 100 !

jiUzer defined apodization function
fé4th order gaussian function

w=0. 7

eXp (- (2% (X-Length/2)1/ (Length*w) )~ 4)

R [w Progress
0862174
0625302 From Er____
0389629 To |50000

B v S N o S B B Lz

3 Click the Display button to see a new curve with the parameters you have
defined in the Grating Definition dialog box.

Note: When you change the value of “w” and click the Display button, you will see
a different curve. You may want to experiment with different values before closing
the User Defined Function dialog box.

Anything written on a line after the // command is ignored.
Click the OK button to close the User Defined Function dialog box.
In the Grating Definition dialog box, click the OK button.

In the Grating Manager dialog box, click the OK button to return to the Project
Window.

o 0 b
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Having defined all the necessary parameters for the Fiber Bragg grating, you will now
learn how work in the Multiple View window.

In the Project Window, you have access to different Parameter buttons, displayed on
the left side of the Project Window. You can choose from several Calculation options,
listed in the Calculation list box; you can use the color button, placed on the small

Toolbar; and you can use the Display tabs, placed at the bottom of the Graph window.

To see the calculation results

1
2
3

Intensity

From the Calculation list box, choose Propagation.
In the Propag. step edit box, type 500
Click the Calculate button to see the results.

2.0

1.5

o

0.5

0.0

|
g “WUU\J \\1
\

h
.y

|
I|
h

b,

[w]

(N9 8]

To use the color buttons

1
2

20000 20000 40000 S0000
Length [pem ]

Click anywhere in the Graph window.

On the small toolbar, press the Red button to see the Transmitted Power
curve.

Press the Blue button to see the Reflected Power curve.

Note: Each color represents a different curve. In the example above, only two
color buttons can be enabled because there are only two curves available.

On the small toolbar that contains the color buttons, you can click the first

gray/white button to hide the Calculated options window and the Parameter
buttons.
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Step 8

There are several Display tabs available in the Multiple View window. Each tab
represents a different graph. Depending on the Module you are using and the options
you have chosen, some of the tabs may be disabled. For example, the 3D Display tab
is enabled only when you are performing a Propagation calculation.

To use the Display tabs

1 In the Project Window, click in the Graph window.
2 Click the 3D Display tab.
3 In the Graph window, click the right mouse button to see the pop-up menu.

Note: The pop-up menu allows you to use several commands: Crossection
Monitor (to see across sections), Display Properties, and Print Graph.

38 Crossection Monitor

Tranzm/ R eflectivity

Display Properties
5 Print Graph ...
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In this step, you will learn how to use the different calculation options and how to do
simple calculations. For this purpose, you will use the calculation options in the
Calculation list box that contains the most often used calculation options.

To Calculate spectral characteristics

1 In the Multiple View window, click the Power tab.
2 From the Calculation list box, choose Spectrum.
3 Select wavelength range from 1.545um to 1.555um, and set the Steps to 500.
4 Press the Calculate button to calculate the spectral characteristics.
JRI=TEY
Flle Edit Wiew Calculation Parameters Tools  Settings Window  Help iy |
DSd B & s &
CRN i
= St File
@ | Calculation
i |Spectrum j a 0~
B | Conal [l (155 =l -
B> | From [pr] {1,545 Jiey i
Ta [uml | 1.555 = 0
Steps 500 Jj B
D -
Fropaq, step 500 g L
Wavelength [pm] |1.55 "'G—J F
e 40—
o L
= L
4+
a L
= L
i N
L
-
= L
n -
=
FU =
IS | ' ' | ' L 1 L L |
B
1.88 1.89 1.90 1.91 1.92
Wavelength [pm] (dB}
Power 4 Phaze » Delay , Dispersion » Profile 50 3 Scan i Memo
For llelp, prassri l_ l_ o

0 N o O

Right click on the graph.

From the list, choose Axis Properties.

Select the Left Y axis tab, then deselect the Show as dB box.
Click OK. The graph will change automatically.
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Note: Notice that the parameters in the Calculation section change according to
the option you have chosen from the Calculation list box.
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OptiGrating allows you to measure automatically full width at half maximum. To do so,
in this step you will use the FWHM tool.

To use the FWHM tool

1 Click once on the display window. Select the Reflection curve by clicking the
red button on the tool bar.
2 Right click on the graph.
3 From the list, choose Axis Properties.
4 Select the Left Y axis tab, then deselect the Show as dB box.
5 Click OK.
6 Select FWHM from the Tools drop down menu to display the "Tools' dialog
box.
x|
U Curve: Reflection 1 Range: 15450000 - 1555.0000 Rippls factar IM
— Peak
Bandwadth [nm] |3 66 [ a |05 Position [nm] | 1549.74
Slope L [lauwm] |1.3604477 F [lmm] |-0.81735053 Value 0.907005
— Sidelobe L
BT Position [mm] | 1547.68
072504 Walue 0.079FE85
05H203] ~ Sidelobe B
Pozition  [mm] 155232
033502
YWalue 0.081181
D101
ok e ST T '} T T Il\ T 1
154300 154700 154900 133100 133300 1.533300
[ Recalcuiate | Chose |
7 In the Tools dialog box, to calculate the bandwidth at half of the maximum,
select the At check box beside bandwidth.
Enter 0.5 in the box next to the At check box.
Click Recalculate
10 Click the Close button to close the dialog box.

Note: In the Tools dialog box, you can calculate not only the bandwidth at half of
the maximum: if you enable the At check box, you can enter any desired y-axis
absolute position in the box and click the Recalculate button.
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» If the blue line showing bandwidth is not horizontal, you have to calculate more
points, i.e. you have to increase the number of steps in the Steps box.

* You can also close the Tools box, go back to the Project Window, click another
color button to display a different graph, and apply the FWHM command to it.

Step 11

In this step, you will see the Cumulative Phase graph, the Delay graph, and the
Dispersion graph.

To see the Cumulative Phase graph

1 In the Project Window, type 1.54784 in the From box.
2 In the To box, type 1.5522.
3 In the Steps box, type 800.

Frarm [pern] Im

Ta [pr] |1.5522

Steps 200

Make sure both the Reflection and Transmission buttons are selected.
Click the Calculate button.
In the graph window, click the Phase tab.

A

Cumulative Phase [rad]
I | [
g & B

AL AN LN LN LN LR

=
=

L.Ga% 1.5a8 [T K] L5350 | tay L.55% L6323
Wavelength [wm]

Note: By default, the Phase is cumulative. To toggle between the Cumulative
Phase and standard phase, double click the left mouse button and from the pop-
up menu, click Cumulative Phase.



To see the Delay graph

Delay [ps]

1

To see the Dispersion graph

Dizpersion [ps/nm]
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In the Multiple view window, click the Delay tab.
In the Multiple view window, click the Dispersion tab.
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Step 12

In this step, you will choose the Pulse Response Calculation option, define some of
the Pulse Response characteristics, and do a simple calculation.

To define Pulse Response characteristics
1 Click in the graph window.

2 From the Calculation list box, choose Pulse Response. You will notice that the
Define button is enabled.

In the Steps box, type 511.

In the Time Span box, type 200.
In the Wavelength box, type 1.55.
Click the Define button.

In the Pulse Response dialog box, from the Input Pulse list box, choose
Gaussian.

In the Intensity FWHM box, type 10 and click the OK button.
In the Project Window, click the Calculate button.

N o g AW

Note: You do not need to enable the Link check box at this point.

Step 13

In this step, you will explore some of the graphs for Pulse Response. You can see
Input Pulse, Input Spectrum, Grating Spectrum, and Output Pulse.

To view the Output graph

In the Multiple view window, click the Output tab.

Cutput FPulze
=R I

e -

[ntensity

[+LH * - !
-5} a £a ]
Time [ps]

To see the Profile graph

In the Multiple view window, click the Profile tab.
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To see the Profile graph

In the Multiple view window, click the Profile tab.

el Indley

Graking

Preaiile

e ] A0,

JAHAA 11 WAHD

emgth [jem]

»  The Profile tab displays your grating characteristics defined in the Grating
Manager and the Grating Definitions dialog boxes. You can display all
characteristics separately, as a 2D graph, or combined, as a Profile graph.

» To switch between characteristics, click the right mouse button and from the pop-
up menu choose the desired option.
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What do you see on the Profile graph?
Select Apodization

On the y-axis of the Profile graph, you see the grating Refractive Index that is
determined by Apodization:

(e

ApadizakLen

PR
oo SCHNDN 0 THIIN] B

Gratlng Lengblh [ a1

Select Profile Chirp Period

On the y-axis of the Profile graph, you see the grating period that is determined by the
Grating Period Chirp:
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Select Average Index

The profile is also determined by the Average Index. Since you have selected Uniform
Average Index, the Profile is positioned to 1.46 as Core Refractive Index:

averagge ldex

LiFH [feifcilie F= L T ey ] AR TRHCEH, 0

Grating Length [um]

This ends Lesson 1. You may now proceed to Lesson 2 that uses the grating profile
from Lesson 1. Otherwise, save your work in order to be able to do the next tutorial
lesson later. To save your work, select Save As from the File menu and enter a file
name (for example, Lesson1.ifo).
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Lesson 2 : Sensors

In this lesson, you will use the Fiber Bragg Grating example from Lesson 1. Have a
look at the Profile graph.

Frofils

OLGEeEs ¢

Hel Imndex

(] [CTee ] EECTE A VR RO

Step 1
In this step, you will learn to define Sensor characteristics.

To define Sensor characteristics

1 Select Grating from the Parameters menu, or simply select the Grating icon
on the left.
2 In the Grating Manager dialog box, double-click the selected grating to open

the Grating Definition dialog box.

Grating Definition

[ Surface Grating Grating Shape: | sine
Order 1 Average Indes: | unifarm - Index Change: |0
; Period Chirp: | linear ﬂ Total Chirp [nm); |2
Tilt angle [deg] |0
Al Apodization: | uzer defined ﬂ T aper's parameter: Define
PRIY

Period [pm]:

053251599 [w Auta Length [pen): | 50000 [ Autocomect [ Sensars

Ind. Mod. |0.0006

[VEfime

116

53381539

Define

==

Shift:

Murnber of segmentz: | 101 Cancel
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3 In the Grating Definition dialog box, enable the Sensors check box.
4 4 Click the Define button beneath the Sensors check box.
x
— v Shain - optic parameters — Micro-gtrain
(" Strain - optic cosfficient [1/ue] [ 2145 | uniform -

i Photoelastic cosfficients

P11 W

Poizzon ratio

P12 027

17

Conztant

]
[zer function

~ [v Themmo - optic parameters ———————— [~ Temperature
Thermal Expanzion Coefficient [14C] |5 5007 -
Thermo - optic coefficient [1/C] | 8. 3e-006 From [C1]0
To [C] |50
Reference Temperature [C] |25 s furetion

Cancel | Ok |

In the Fiber Bragg Grating Sensor dialog box, in the Temperature section,

Make sure the value in the From box is set to the default value, 0 degree

Make sure the value in the To box is set to the default value, 50 degree

Click the OK button to close the Fiber Bragg Grating Sensor dialog box, click
the OK button to close the Grating Definition dialog box, and click the OK

° select Linear from the list box.
6
Celsius.
7
Celsius.
8
button to close the Grating Manager.
9 Select the Profile tab from the window.
10 Click the Calculate button.
1"

The spectrum for the specified temperature distribution will be calculated.

Note that changing the distribution will change the spectrum.
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Lesson 3 : Material Dispersion

Step 1

In this step, you will create a new project. Choose the Single Fiber Module, and define
fiber parameters.

To define fiber parameters

1 On the Toolbar, click the New button.
2 In the New dialog box, click Single Fiber.
n3 e
Single Fiber
3 In the Project Window, click the Fiber/Waveguides Parameters button.
4 In the Single Fiber Profile dialog box, add three regions: Core, Cladding, and
Air.

Note: The name of the region can be edited by double clicking on it.
For Core, enter the following data:

Width: 4.15
Real Index: constant
Value: 1.44921

For Cladding, enter the following data:

Width: 58.35
Real Index: constant
Value: 1.44403

For Air, enter the following data:

width: 20
Real Index: constant
Value: 1.0
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Step 2

In this step, you will define the material dispersion of the fiber core.

To define the material dispersion of the fiber core

In the Single Fiber Profile dialog box, Select the Enable and deselect the
Global options in the dispersion section.

1

Highlight the core region, and select Define in the dispersion section.

In the Material dispersion dialog box, select Define in the Host section.

In the Sellmeier Parameters dialog box, select Pure Silica from the library and
press Get, followed by pressing OK to close the Sellmeier Parameters dialog

55 (‘,
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box. You can see in the Material Dispersion dialog box that the host material
is now Pure Silica.

Similarly as in the previous step, define germanium-doped silica for the
Dopant+ material

Similarly as in the previous step, define fluorine-doped silica for the Dopant-
material

Your Material dispersion dialog box should look like this:

M aterial Dizperzion x| |
OF.

- . oo - Dizplay
Host ure zilica efine Uzer

From ’F #® v Host
Daopant + | germania-doped sil Define | [ User
Dopant - | fluarine-doped silic Define | [ Uszer

# |v Dopant + Cancel

T
o (18 & |v Dopant -

1 4?050—5
1 4330?—?
1 45534—2
1.44322—2

1.44075-

0.500000

14533 T T
0.760000 1.02000 1 28000 1.54000 1.80000

7
Step 3

Press OK in the Material Dispersion dialog box to close it.

In this step, you will learn how to use the library of Sellmeier coefficients.

To open the Sellmeier Coefficients dialog box

1
2
3

In the Dispersion box, click the Define button.
In the Material Dispersion dialog box, select Define in the Host section.

In the Sellmeier Coefficients dialog box, highlight the Pure silica material and
press the Get button. The Sellmeier coefficients in the dialog box are replaced
by the Sellmeier coefficients of Pure silica

Click the OK button to close the Sellmeier Parameters dialog box.
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Note: The Sellmeier Coefficients Library is a separate file and is common for all

projects.

» You can add recently entered coefficients to the library, or you can get previously
added coefficients from the library.

+ Instead of writing new coefficients, all you need to do is double-click on a desired

material in the library.

Step 4

In this step, you will define the material dispersion of the fiber cladding and Air.

To define the material dispersion of the fiber cladding

1 Highlight the Cladding region, and select Define in the dispersion section
2 In the Material dispersion dialog box, select Define in the Host section.
3 In the Sellmeier Parameters dialog box, select Pure Silica from the library and

press Get, followed by pressing OK to close the Sellmeier Parameters dialog
box. You can see in the Material Dispersion dialog box that the host material

is now Pure Silica.

4 Similarly as in the previous step, define germanium-doped silica for the
Dopant+ material

5 Similarly as in the previous step, define fluorine-doped silica for the Dopant-
material

6 Press OK in the Material Dispersion dialog box to close it.
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To define the material dispersion of the Air

1 Highlight the Air region, and select Define in the dispersion section
2 In the Material dispersion dialog box, select Define in the Host section.
3 In the Sellmeier Parameters dialog box, select Air from the library and press

Get, followed by Pressing OK to close the Sellmeier Parameters dialog box.
You can see in the Material Dispersion dialog box that the host material is now

Air.
4 Press OK in the Material Dispersion dialog box to close it.

Note: Dopant settings have no effect for Air



Step 5
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In this step, you will select fiber modes in the Single Fiber Modes dialog box.

To select modes

1 From the Parameters Menu, click Mode...to open the Single Fiber Modes
(multiple modes) dialog box. Here, you will see the calculated modes for the
fiber defined in the previous steps.

2 In the Single Fiber Modes dialog box, select the first six modes. To do this,
click the first mode, press down the SHIFT key, and click the sixth mode.

Settings l Advanced Setings ]

Single Fiber Modes x|

—LP modes
i* LPm.h
m From ‘D m To (0 n Max |10
—Yectonal modes
T HEmn ¢ EHmn i TE O.n  THOn
m From 1 m Tao |1 n Max |10

Recalculate Modes | Wavelength |1.53 urm

o LP
LF (0

o LP [0 [ ]
LP [0, 71-> [1.4418703)]

LP [0, 8] -» [1.44171046)
LB 91 s i1 A4N2708

Mumber of selected modes: &

(0,17 -» [1.4462861) < INPUT MODE

Select Al | Deselect.-‘l'n.ll|

Wiew ‘ Export Index |

|nput mode:

Input amplitude: {1

L |LF' (.17 -> (1.4462861] < IMPUT Set

Phasze [pi]: 0

Ok, | Cancel |

3 Click the OK button.

Note: In the Single Fiber Modes dialog box, you can select multiple modes.
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Step 6

In this step, you will define the grating parameters.

To define the grating parameters
1 In the Project Window, click the Grating Parameters button.

2 In the Grating Manager dialog box, double-click the listed grating to open the
Grating Definition dialog box.

Grating Definition

[ Sinface Grafito Grating Shape: | sine [Efitie

Order 1 Average Index: | uniform
Tilt argle [deg] |0 Period Chirp: | no chirp ﬂ Tatal Chirp [nm) |02

Apodization: | G auzsian w | Taper's parameter: |1
Apply E

11

Index Change: |0

Period [pm]:
450 [ Auto Length [prr): | 40000 [ Autocomect [ Sensars
R70. 70954 :
0L BIEEEEE Ind. Med. |0.0002 Define
0.53628372 shitt [0 |
Murnber of zegmentz; | 101 Cancel
3 In the grating Definition dialog box, disable the Auto check box.
In the Period box, type 450.
From the Apodization list box choose Gaussian and in the Taper’s parameter
box type 1.
6 In the Length box, type 40000.
7 In the Ind. Mod. box, type 0.0002.
8 In the Number Of Segment box, type 101.
9 Click the OK button to close the Grating Definition dialog box, and then click
OK to close the Grating Manager dialog box.
Note: The grating parameters are described in detail in the “Technical
Background” section.
Step 7

In this step, you will perform a Spectrum calculation and see the final result of all your
efforts.
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To do the calculation
1 In the Project Window, from the Calculation list box, select Spectrum.

Single Fiber

Calulaliorg

| Spectum ﬂ

Central [wrn] | 1.55
Framm [prn] 1.2

To [urn] 1.8
Steps ]

Fropag, step a00

“Wavelength [pm] |1.55

Calculate |

In the From box, type 1.2 to set the beginning point of the calculation range.
In the To box, type 1.8 to set the end point of the calculation range.
In the Steps box, type 500 to assign many points for calculation.

a h~h WODN

Go to Parameters > Dispersion. Make sure the Dispersion option is checked
in the Parameters drop down box.

6 Click the Calculate button.

When the Power tab is enabled and you select only the leftmost red graph button,
your graph should look like this:

El=ctivity
=
[
I

e

Tran=mittivity/F

oo [ L 1 L
L 1.2 L4 La 1.3

Wavelength [permn)

The graph shows the wavelengths for which the grating with period 450 pm will
transfer the incident mode’s power to the other five modes.
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Lesson 4 : Parameter Scan

In OptiGrating, all the parameters related to the grating can be scanned with the
Parameter Scan tool. It can help the user find optimized grating parameters to meet
the application requirements.

In this lesson, we will simulate a grating, which has a higher order Gaussian
apodization profile. The FWHM of the grating apodization function will be scanned,
and the spectrum properties, such as bandwidth, sidelobe, peak value, peak position,
and dispersion at central wavelength are calculated. Based on the simulation results,
the optimized FWHM value for suppressing the sidelobe can be obtained.

Note: The simulation of the following example may take 5 to 30 minutes. It
depends on the speed of your computer.

Step 1

In this step, you will learn how to define a dispersion-shifted fiber profile.

1 File > New.

2 In the New dialog box, click the Single Fiber option.

3 From the Parameters menu, click Fiber/Waveguide.

4 Delete default Regions core and cladding by highlighting them and then
pressing the Remove button.

5 In the Single Fiber Profile dialog box, add four regions: Region 0 through
Region 3.

For Region 0, enter the following data:

Width: 3.1

Real Index: user function.

The user function is defined as:
1.44439*sqrt(1+2*0.01*(1-x/WIDTH))
Radial Photosensitivity Type: constant
Radial Photosensitivity Value: 1.0
Steps: 100

For Region 1, enter the following data:

Width:0.9

Real Index: constant

Value: 1.44439

Radial Photosensitivity Type: constant
Radial Photosensitivity Value: 0.0



For Region 2, enter the following data:

Width: 1.5

Real Index: constant

Value: 1.44728

Radial Photosensitivity Type: constant
Radial Photosensitivity Value: 0.0

For Region 3, enter the following data:

Width: 20

Real Index: constant

Value: 1.44439

Radial Photosensitivity Type: constant
Radial Photosensitivity Value: 0.0
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Use the default setting for other parameters.
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ESingIe Fiber Profile

X|

Reqion 0
Fegion 1
Fegion 2
Reqgion 3

Index

[mport Profile

— Reqion
4| i li Apply
Add width 31 I Steps (100
|nzert .
4 Indes lFEau:IiaI Photnsensitivil_l,l] v Real Profile
Remove
Copy Fieal |user furction ﬂ Walue |'I Define wavelength [un]
rUndo—— | Imag |cnnstant T Walue |U Define 1 ER
o
— Move—— — Azimuthal Photosensitivity Digpersion Mesh——
Up ||:Dn$tant ﬂ Walue |‘I [ Enable X a0
= Mrwn Steps |4 [V Global | Define Y |50

Export Prafile

Fadius [am)

— Dizplay
i* Real
A |1.55

i mag,
PS5,

Real Index prafile:




Step 2
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In this step, you will access a list of the calculated modes of the fiber. The fiber you
are using is a single mode fiber.

1

2
3

Step 3

From the Parameters Menu, click Mode...to open the Single Fiber Modes
(multiple modes) dialog box. Here, you will see the calculated modes for the
fiber defined in the previous steps.

In the Single Fiber Modes dialog box, select the LP(0,1) mode.
Click on the OK button.

In this step, you will define the grating parameters and learn how to define scan
parameters in the user-defined function.

To define the grating parameters

N

o O A~ W

In the Project Window, click the Grating Parameters button.

In the Grating Manager dialog box, double-click the listed grating to open the
Grating Definition dialog box.

In the Length box, type 40000.
In the Ind. Mod. box, type 0.0002.
In the Number Of Segment box, type 250.

From the Apodization list box choose user defined, and press the Define
button.
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Uszer Deflined Funchion I
= = ‘ = | 9 pi j P abs j O w [vary) ﬂ | Display steps {100 '
/{High order gaussian function
fém iz the order of high gausian function
ffuw iz the FWHM of the high order function
=1 ;
3CAhNdefanlt = 0O.5;
w=Length*3CAN;
temp=i*( pow(In(z), (1/m)));
exp [ —(temp® (x—-Length/2)/w) “m ]:l
1_10000 [v Progress
o
0620006~ From |0
0380003 To | 40000
2.000000 8000.00 160000 240000 320000 40000.0 e
7 In the edit window of the User Defined Function dialog box, define the user

defined function as:

//Higher order Gaussian function

//m is the order of higher order Gaussian function
//w is the FWHM of the higher order function

m=4;

SCANdefault = 0.5;

w=Length*SCAN;

temp=2*( pow (1ln(2), (1/m)));

exp( - (temp* (x-Length/2) /w) m );

where the SCAN parameter is the normalised FWHM of the apodization function.

8 Click the OK button to close the Grating Definition dialog box, and then click
OK to close the OK button to close the Grating Manager dialog box.

Note: The SCANdefault and SCAN are the key words in the user-defined
function. When you do Scan Calculation, the value of SCAN is changing. For
other calculations (Propagation, Spectrum, Pulse Response), the value of SCAN
is equal to the value of SCANdefault.
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Step 4
In this step, you will perform a Spectrum calculation. The SCAN value is equal to the
SCANdefault value.
1 In the Project Window, from the Calculation list box, select Spectrum.
2 In the From box, type 1.5496 to set the beginning point of the calculation
range.
3 In the To box, type 1.5504 to set the end point of the calculation range.
4 In the Steps box, type 1000 to assign many points for calculation.
5 Click the Calculate button.
6 Right click on the graph and choose Axis Properties.
7 Select the Left Y axis tab and then deselect the Show as dB check box.
8 Click OK.

When the Power tab is enabled, your graph should look like this:

Trans mi.llivi.l:yﬁc flectivity

Lo ,\ p V[

s

ik

e 1 J b L / |"\. 1
L.a% G [ §-2 el L.BE0E Laotkz Lad i

Wavelength [eon]

Note: This step is important for the Scan calculation. The parameters set in this
step will be used in the Scan calculation. Choose proper From, To and Steps
parameters, so that the calculated spectra peaks are located around the center
of the calculation window.
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Step 5

In this step, you will perform a Scan calculation and see the final results

1 From the Calculation menu, select Scan.

Scan E2
— 1. Select Grating/Phaze Shift 2. Select Scan Parameter
Period
Length
Index kod.
Tilt Angle
|ndex Change
Total Chirp

Taper's pararneter
= |Jzer Variable "SCAN'

Phaze Shift - Phaze

Fhaze Shift - Length

3. Scan the Parameter

From  |0.2 Ta |1 Step IEEI

Calculate Bandwidth at |3 v | dB
Cancel

2 In the Scan dialog box, select User Variable 'SCAN' in the Select Scan
Parameter section.

3 In the From box, type 0.2 to set the beginning value of the scanning
parameter.

In the To box, type 1.0 to set the ending value of the scanning parameter.
In the Steps box, type 50 to set the calculation steps.

In the Calculate Bandwidth at box, type —3, and enable the dB check box.
Press Calculation button.

After the Calculation is done, click the Scan tab in the Multiple View window.

© 0o N o a »

By double clicking on the Scan graph, you can display Bandwidth, Sidelobe,
Peak value, Peak position, and Dispersion at Central Wavelength.
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1"

Bandwidth [nm]
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Dizplay Selection

— Dizplay
bt B andwidth
[ 1 Sidelobe
[ ] Peak value
[ Peak position
[ 1 Disperzion at Central ‘W avelength

Cancel

Enable the bandwidth check box in the Display Selection dialog box. You will
see the results show Bandwidth vs. Scan Parameter. When the FWHM of the
apodization function increases, the effective length of the grating increases,
and the bandwidth will decrease.

_lq 1 1 1 n n 1 n n 1

.4 08 .5 1.0
Hean Paramseter

=
&

Enable the Sidelobe check box in the Display Selection dialog box. You will
see the results show sidelob vs. Scan Parameter. The results show the
optimized FWHM for suppressing sidelobe is 0.712. In this case, the sidelobe
reaches a minimum value of 0.0105.
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Sidelobe

12

Feak Value

13

0.05

.00

=
ta

0.4 ne 1%+ 1.0
Secan Parameler

Enable the Peak value check box in the Display Selection dialog box. You will
see the results show peak value vs. Scan Parameter. When the FWHM of the
apodization increases, the index modulation along the grating increases, so
the peak value (maximum reflectivity) will increase.

L.

D98

0.9

0.94

=
ia

0.4 oG A 1.0
Joan Paramater

Enable the Peak position check box in the Display Selection dialog box. You
will see the results show peak position vs. Scan Parameter. During the
parameter scan calculation, the grating period is a constant; so peak position
(Central wavelength) is not changing with the scan parameter.
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Scan Parameter
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Enable the Dispersion at Central Wavelength check box in the Display
Selection dialog box. You will see the result shows dispersion vs. Scan

Parameter.
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Lesson 5 : Synthesis of a Band Pass Filter

Step 1
1 Open a new project with File > New > Single Fiber.
2 Calculation > Inverse Scattering Solver, to get Inverse Problem Solver dialog

box.
Select User Defined frame checkbox.

Enter the starting and ending wavelengths, and the number of steps in the
User-Defined frame as shown.

Inverse Problem Solver x|

— Define Target Spectm
— v UserDefined

From [um] (IR REHER Define

To [pm] 1.551 i* Phage

i Delay Define
Sk 1000
s i Dizp

—  From File

File Mame: | J

Length [um] | 50000 Segments | 1000 Owver Sarmple |4

— Phiaze Shill
[+ L ns W :
et v Auto Cauzality
" Mimirum
— Filkers
[mpulze Function [Grating Prafile

No Filer =] [Define | No Fier =] [Define
Start | Cancel |

* The Steps field indicates the number of divisions used in the specified wavelength
range.
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In the Length field, enter the length of the grating, 5 cm (50,000 pm).

In the Segments field, enter the number of segments to be 1000, this is the
number of segments that will have constant coupling coefficients within them.
The layer peeling algorithm will use 1000 layers in this case.

Enter 4 in the Over Sample field. Over Sample is used in the reconstruction
of the truncated impulse response, the accuracy is sometimes improved by
using finer steps in the spectrum.

Click on the Define button next to the Ref/Trans.

This brings up a dialog box for defining the reflectivity spectrum as seen below:

Uszer Defined Function E3 |

= E ‘ = ‘ i pi j 2 P abs j ? ‘E]|:-: [veary) ﬂ | Dizplay steps | 500 !

BW = 0.000=2;

RETURN 0.95
EL3E

IF xrLambdal-BW/Z & H<Lanbdal+EW/Z THEN

EETURN 0.0
1.04500-; [v Progress
n.sﬁm—i
“W‘; From |1.543
0 mu-uo—f To |1.551
U.IM—%
3 Ok,
_M"“;.;.;sdo a0 1see0 188020 158060 155100 Cancel
9 Next, type in the text as shown in the screen above.
10 Click on Display to plot the curve shown. The desired impulse response will
be calculated from the Fourier transform of this reflection coefficient.
1 Click OK.
12 Click on the Disp button in the Inverse Problem Solver dialog box. This means
that we will define the phase response by specifying dispersion.
13 Click on the adjacent Define button to define the dispersion profile. This will

produce the following results:
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Uszer Defined Function I
= ‘ iz ‘ i pi j 2 P abs j EF o [vam) ﬂ ‘ Display steps | 500 '
RETUEN O

0.100000-; [v Frogress

0 0200000 Fram |1.549
utmum— To [1.551

0k
T T 1
154500 154840 154980 155020 1.55060 155100 Cancel

Here the dispersion returned is 0 for all wavelengths in the range.
14 Click OK.
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Step 2
1 Click on the Causality button in the Inverse Problem Solver dialog box. This
will display the impulse response calculated from the spectrum you have
defined.
Yiew 2D Graph [ <
0.00015 — — 4
u -1 2
D.o001n i
18}
€ L
= -
st r —
il o
[
= ]
0.00005 ]
- -z
i ]
0.00000 ' : : S
-50000 ] 50000 100000
Wavelength (um)
Linear Phasze Shift Im Impulze Responze Cloze | Cancel

* Because of causality, any real impulse response must be zero for negative
arguments. In this picture some unphysical oscillations are seen in the negative
domain. These oscillations will cause inaccuracies in the reconstruction. They
can be reduced by adding delay to the response (a linear phase shift).

Note: You can experiment with various delays by entering other numbers in the
Linear Phase Shift field, and clicking Impulse Response to see the result.
Click on Close.

Click on Start in the Inverse Problem Solver dialog box to start the
reconstruction. A progress bar indicates the progress of the layer peeling
algorithm. When this process finishes, the reconstructed grating profile is
used to generate the spectrum of the new grating. A second progress bar
displays the progress of the calculation of the spectrum.

4 Select the Power tab to see the spectrum of the new grating
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5 The realised Reflectivity is shown in light blue, and the desired reflectivity in
dark blue. The Transmission is shown in red.
6 Select the Dispersion Tab to show the realised versus the desired dispersion.
a0D00 —
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.E 0 i“' I Il I ] | III . |L
m .
. [
5]
S -loe00e -
1,545 1,550 1,581

Wavelength [pm]

«  Within the reflection band, where significant power is reflected, the dispersion is
close to the desired value. The dispersion outside the reflection band comes from
the very small reflection in this spectral range, and the desired response is lost in
numerical noise.
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7 Select the Profile tab to see the actual grating which generated this spectrum.
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Lesson 6 : Reconstruction of Unknown Grating from Reflection
Coefficient

In this lesson we check that the layer peeling algorithm can reconstruct an unknown
grating with knowledge of only the reflection coefficient. In the first step, we select a
typical grating with chirp and apodization and calculate its reflection coefficient. This
spectrum is then exported to a text file. In the next step, OptiGrating is run again and
the spectrum file imported. The layer peeling algorithm is applied to the imported
spectrum to reconstruct the original grating.

Step 1
1 File > Open. Choose file Ex1a.ifo.
2 Select the Profile tab to see the details of this grating.

‘rofile

00010

= 00acs

Al [RSE RN SUHIEICE £ HRIRTLINE HHALH L

L£TNELnN |.l.'|'||

A0, Pl Prosi i Dottt L Lot o Pl 000 L B0 s, W &

* It has a linear chirp of 0.2 nm, and a gaussian apodization with FWHM = 0.5.

3 Select the Power tab to see the reflection and transmission spectra.
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Note: You can press Calculate to calculate the spectrum again, if desired.

Click on Spectrum in the Single Fiber drop down menu, then click on the
graph in the main window to active it.

Select Tools > Export Complex Spectrum and select the Reflection button as
shown below:

Export E I

" Transmizsion 1
i Tirarsmissinn 2 Cancel

i Fieflection 2

E xpaort format

Text ﬂ
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6 Click Export.
7 In the Save As dialog box, find a suitable place and name for your data file.
8 Close Ex1a.ifo.
Step 2
1 Now, open a new project with File > New > Single Fiber.
2 Choose Calculation > Inverse Scattering Solver to get the Inverse Problem

Solver dialog box.
Select the From File checkbox.

Navigate to the place where you left the file with the reflection spectrum.
Open the file.

Inverse Problem Solver |

— Define T arget Spectrum

—1  UserDefined

From [pm] | 1.549 Ref/Tran efine

To [pm) 1.551 i Fhase
i Delay Wefine
St 1000
eRs i Dizp

—Iv From File
File Mame: ID:‘\IFD_Eratings‘aspectfumE:-c'I akx

Length [um] | 50000 Segments | 1000 Ower Sample |4

— Phaze Shift
ot
Linear 05 [vw At Causality
7 Minimum
— Filters
Irmpulze Function [arating Profile

Mo Filter =] | Define | Mo Filter =] | Define
Start | Cancel |

5 We suppose that the original length of the grating is known, so enter 50000
pm in the Length box. (Feel free to experiment with different lengths.)

+ The original spectrum was generated with a profile having 100 segments. It is not
necessary that the reconstruction have the same number, here it is set to 1000.
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6 Click on the Causality button to test this spectrum.

Yiew 2D Graph

irplitude

G.oo0o0o0s  —
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0.00003 [
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0.00002 [
I
I
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o.oooo1 / \
0. 00000 ' A S
-50000 0 50000 100000

Wavelength [um)

Linear Phaze Shift Im Impulze FResponse Cloze | Cancel

Since this spectrum was generated from a real grating, it displays exactly the
causal property of being zero for negative argument.

Click Close.
Click Start in the Inverse Problem Solver dialog box to begin the
reconstruction.

9 Click on Spectrum to enable all tabs.

10 Select the Profile tab to see the reconstructed profile.
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* The apodization appears to be a similar shape as the original grating.

1" To see the chirp more clearly, right click the mouse in the Profile window and
select Chirp Period.

.. . to get the following:
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*  The chirp is linear and shifts by 0.2 nm, like the original grating.

12 Select the Power tab to compare the reflectivitities, one from the imported
complex spectrum and the other from the calculated response of the

reconstructed grating.
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Lesson 7 : Synthesis of a Grating for Dispersion Compensation

Step 1
1 Open a new project with File > New > Single Fiber.
2 Choose Calculation > Inverse Scattering Solver to get the Inverse Problem

Solver dialog box.

Inverse Problem Solver |

— Define Target Spectuum
— v User-Defined

From [pm]  [1.5438 Ref/Tran Define

Ta [um] 1.5R02 " Phase

" Delay Define
St 1000
=R i* Disp

—  Fram File

File: M arne: | J

Length [urn] | 200000 Segments | 1000 Over Sample |4

— Phaze Shift
o Li
Linear 0.5 [v Auta Causalty
© Mirirum
— Filtars:
Impulze Function Grating Prafile

No Filter =] | Befine | No Fiter x| [Define
Start | Cancel |

3 Set the From and To wavelength fields to 1.5498 and 1.5502.
4 Set the grating length at 20 cm in the Length field.
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5 Click on the Ref/Trans Define button to define the reflection spectrum.
Uszer Defined Function
= & | B | ) pi ﬂ © Y abs ﬂ i ﬂ'” [ary] ﬂ | Dizplay steps | 500 !
BW = 0.0004;
IF ®>Lambdal-EW/Z & m<Lambdal+EBW/Z THEN
RETURN 0.20
ELZE
EETURN 0.0
0990000 [v Progress
0.774000-]
0558000 Fram |1.543
0,34 00 TD 1 551
0.126000-] 0K
'UJ‘: ““““ L L L L L L L L LR L L L L L L |
1 54800 1.54840 1 54880 155020 1 55060 1 55100 Eeriee]
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Set the bandwidth to 0.4 nm and the reflectivity to 0.9 within this band.
Click OK.

Select the Disp radio button and click the adjacent Define button to define the
dispersion spectrum.

UscrDefinedFungtin ——__________________K&|
= & | = | 9 pi ﬂf; #9 abs ﬂ CHY w (vary) ﬂ | Dizplay zteps | 500 !

RETURN -1500

-1799 90 [v' Procress
-1798.84-

-1799 98- From |~.549
-1800.02-] Ta |° AR
-1800.06-] ok
e 154340 154360 155020 155060 155100 e

9 In this screen, set the dispersion to -1800 ps/nm for all wavelengths, as seen
above.

10 Click OK.
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1 Click the Causality button to see the impulse response of the specified
spectrum.
Yiew 2D Graph
0.00005 — — 4
0.00004 [H H
[ z
©  0.00003 | I
S N [
5 o
= !
5 0.00002 »1

0.oo00l H qu H .

-Z00000 o 200000 400000

0.oooo0o

Wavelength (um)

Linear Phasze Shift Im Impulze Responze Cloze | Cancel

12 Click Close.
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Step 2
1

Click Start in the Inverse Problem Solver dialog box to start the layer peeling
algorithm..

Select the Delay tab.

Select the red and light blue curves to show the transmitted and reflected
delays. The dark blue curve shows the target delay.

Click in the graph window and go to Tools > Group Delay

Group Delay E3

— Settings — Resultz
Spectrum Aange: Order |Coefficient Standard Deviation
un To W um 0 (ps) 964 367 0.0474105
1 (peium) 77379 0.273451
[ Bandwidth Level [dB) ’37 2 (pshum’2) 167 988 284504
taximum Fitting arder; 2

Flec:alu:ulate| Cloze | Cancel | Ripple; 7.3808695  ps Export Results

L

1400 )]

1200 - -2
r ==
e C =
T 1000 [ =
— L L]
o r o
T C s
w ann - 5
= r 4
- a0}
C =

600 [ 1 -5

4DD 1 1 1
1.5498 1.5499 1.5500 1.5501 1.5502

Wawve length [ ]

* The window displays the reconstructed group delay with a second order fitting.
The dispersion is reported in the Results frame as -1773.79 ps/nm, in close
agreement with the desired response.
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Lesson 8 : Synthesis of a Filter with User-Defined Spectrum

In this lesson we show an example of the synthesis of a filter with an arbitrary user
defined spectrum. In this example, we ask for a bandpass filter having a reflection
coefficient with a linear variation of amplitude (the reflectivity has a square root

variation).
Step 1

1 Choose File > New > Single Fiber.

2 Then select Calculation > Inverse Scattering Solver, to get Inverse Problem
Solver dialog box.

3 In the Inverse Problem Solver box, make sure the User-Defined checkbox is
checked.

4 Enter the starting and ending wavelengths, and the number of Steps in the

User-Defined frame as shown.

Inverse Problem Solver )'Cl

— Define Target Spectrum
— v User-Defined

Fram [pm] | 1.5495 FefiTran [refine

To [ 1. 5504 " Phaze

" Delay Define
St 1000
ohe {» Dizp

—  From File

File Mame: | J

Length [um]IEEIDEIEI Segments (1000 Ower Sample |4

— Phaze Shift
(o Li
Lirear 05 [w Auto Causaliy
. Minimurn
— Filkers
Impulze Function Grating Profile

Na Filter =] [Define | Mo Filter =] [Define
Start | Cancel |
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5 Click on the Define button next to the Ref/Tran and enter the formula shown
below to define the reflectivity.

Uszer Defined Function E2 I

= & | iz} | e wl ¢ F abs =l 'ﬁ|g fvaml 7| | Display steps | 500 '
BW = 0.0004;

IF H>Lambdal-BW/2 & x<Lawbdal+EBW/Z THEN

RETURH sqrt (- (X-Larbdal-BU/2) /BW)

EL3E

RETUEN 0.0

1.09780- [v Progress

0858278

0618753

Fram |1.5436
0379235 Ta 1.5504

0138720
Ok
-0 0%E7558

T T T T 1
1 54560 154876 154992 1 55008 155024 1 55040 Lameel

Click OK.
Select the Disp button.

Click on the adjacent Define button to define the dispersion.
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UserDefined Fanstion |
= & | iz} | e v B oabs e m ka7 | Display steps | 500 L

RETUEN O

[R]C [v Progress

0_0E00000-] Display

0.0200000-; From |1.544
0.0200000- To |1551

-0.0600000]
154900 154940 154380 158020 158060 158100 Cancel
9 Click OK.
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Step 2
1 Click on Start to reconstruct the grating.
2 Select the Power tab at the bottom of the screen to see the reflected and
transmitted power.
3 Right click the mouse in the graph window to pull down the menu and select

Axis Properties.

Axiz Properties

09993321 20604765

0.133356424120953
0.033397234324130

0|

Tranzmittivity /R eflectivity

4 Select the Left Y axis and uncheck the Show in dB box to show the reflection
in a linear scale.
5 Click OK.
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Examples

The rest of the Tutorial offers you eight selected examples that you can find in the
\Samples directory. The \Samples directory contains even more examples that are not
described here. You can always have a look at them and read their description by
selecting the Memo tab.

Example 1: FBGApod.ifo

Apodized Fiber Bragg Grating Simulation

Reference

T. Erdogan, 'Fiber Grating Spectra,' J. Lightwave Technol., vol.15, No.8, (1997),
pp.1277-1294.

Description

The example demonstrates the effect of apodization on the optical properties of a fiber
grating. A chirpless, sinusoidal Bragg grating has a user-defined average refractive
index and apodization.

The average index is modulated by the Gaussian function:
Index Mod*exp (-1n2* (2* (x-Length/2) /Length) *2)

The fiber Bragg grating is apodized by the Gaussian function:

exp (-1n2* (2* (x-Length/2) /Length) *2)
where the variable x is the propagation distance along the fiber.
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The main results are the reflection and group delay spectra. Both spectra show a
considerable suppression of sidelobes.

Peaks at the shorter wavelength are caused by the non-uniform DC average index
change.
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Grating profile

Example 2: SuperStructure.ifo

Sampled grating

Reference

T. Erdogan, 'Fiber Grating Spectra,' J. Lightwave Technol., vol.15, No.8, pp.1277-
1294, (1997).

Description

The example demonstrates a sampled grating exhibiting periodic superstructure. The
superstructure is a collection of 99 identical gratings and phase shift blocks. The
gratings are uniform and have a uniform average index.
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The main result is the multi-peak, periodic superstructure of the reflected power
spectrum. If the phase shift blocks were replaced by the gratings, thus producing a
single uniform grating, the resulting spectrum would have a well-known single-lobe
shape (with ripples due to the grating uniformity). That single-lobe spectrum would be
much narrower than the superstructure spectrum.
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Example 3: ModeConversion.ifo

Mode Conversion by Fiber Bragg Grating

Reference

C.-X. Shi and T. Okoshi, '"Mode conversion based on the periodic coupling by a
reflective fiber grating,’ Opt. Lett., vol.17, No.23, pp.1655-1657, (1992).

Description

The example demonstrates the mode conversion between the LP01 and LP02 mode
in a fiber with Bragg grating. The fiber has four LP core modes. In the example, only
three core modes, LP01, LP02, and LP11, are selected for calculations. The grating
period, 0.21436546 microns, allows the coupling between the forward propagating
LP01 mode and the backward propagating LP02 mode.

The main results are the narrow reflection and transmission spectra showing the
conversion of selected modes.
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Note: For this example, the file includes all the design data and the calculation

results.
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Spectrum

The left-hand side peak is the mode conversion form LP01 mode to backward LP02.
The right hand side peak is the coupling between LP01 mode to its backward mode.

Set the grating tilted angle to 3.0 degrees and click the Calculation button again.
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Spectrum with tilted angle of 3.0°

The peak at the middle is the mode conversion from the LPO1 mode to the backward
LP11 mode.

Example 4: WBGTransmission.ifo

Phase-shifted Bragg Grating Filter Based on Planar Waveguide

Reference

R. Zengerle and O. Leminger, 'Phase-shifted Bragg-grating filters with improved
transmission characteristics,' J. Lightwave Technol., vol. 13, No.12, (1995), pp. 2354-
2358.
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Description

The example demonstrates an InP/InGaAsP planar waveguide filter. The design is
based on five gratings and four phase shifts. The uniform, rectangular-shaped
gratings are placed on the top of the waveguide. The phase shift regions of different
length separate the gratings. The phase shifts, provided by the phase shift regions,
are 0.5, 1.5, 2.5, and 3.5 p, at the central wavelength.

The main result is the transmission spectrum. It shows that the properly chosen
locations and magnitudes of the phase shift regions can tailor the spectrum into a
nearly rectangular shape.
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Example 5: LPGGainFlat.ifo

Long-period Fiber Grating for Gain Flattening

Reference

A. M. Vengsarkar et al., 'Long-period fiber-grating-based gain equalizers,’ Opt. Lett.,
vol.21, No.5, (1996), pp.336-338.

Description

The example demonstrates a fiber grating filter used to equalize the gain of a fiber
amplifier. The LP01 fiber core mode is coupled to the LP08 cladding mode. A two-
grating structure is present in the fiber. The gratings are uniform and have different
period.

The main result is the transmission spectrum of the fiber grating filter. The spectrum
is very close to the inverted gain spectrum of the Erbium doped amplifier.
Consequently, gain flattening can be achieved by introduction of such a filter after the
amplifier section.
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Example 6: PulseUltrshort1.ifo

Pulse Reshaping by Uniform Fiber Grating

Reference

L. R. Chen et. al., 'Ultrashort pulse reflection from fiber gratings: A numerical
investigation,' J. Lightwave Technol., vol.15, No.8, (1997), pp.1505-1512.

Description

The example demonstrates a transform-limited Gaussian pulse reflected from
uniform fiber gratings. The gratings have different index modulation values. You can
change the grating modulation index and compare the calculated results with the
published reference.

1 Index modulation = 4.356e-5. Click the Calculation button and compare the result
(Pict 1) with Fig 1(a) from Reference.

2 Index modulation = 11.616e-5. Click the Calculation button and compare the
result (Pict 2) with Fig 1(b) from Reference.

3 Index modulation = 4.356e-4. Click the Calculation button and compare the result
(Pict 3) with Fig 1(c) from Reference.

4 Index modulation = 1.452e-3. Click the Calculation button and compare the result
(Pict 4) with Fig 1(d) from Reference.
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The main result is reshaping the reflected pulse. As the grating strength increases,

there is a separation of the reflected pulse into two distinct components.
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Example 7: PulseUltrshort2.ifo

Pulse Reshaping by Apodized Fiber Gratings

( ‘, 100

Reference

L. R. Chen et. al., 'Ultrashort pulse reflection from fiber gratings: A numerical
investigation,' J. Lightwave Technol., vol.15, No.8, (1997), pp.1505-1512.

Description

The example demonstrates a transform-limited Gaussian pulse reflected from
apodized fiber gratings. The gratings are apodized by a Gaussian function and the
same index modulation value of 4.356e-4.

You can change the average index option and compare the results with the published
reference as follows:

1. User Defined Average Index: Index_Mod*exp(-(2*(x-Length/2)/0.5/Length)*2).
Click the Calculation button and compare the result (Pict 1) with the type A profile of
Fig 5(b) from the Reference.

2. Uniform Average Index with Index Change 0. Click the Calculation button and
compare the result (Pict 2) with the type B profile of Fig 5(b) from the Reference.
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The main result is reshaping of the reflected pulse. The structure of the reflected pulse
from the type B grating profile contains considerable regular oscillations, not present
in the type A profile.
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Example 8: MoireGrating.ifo

In-Fiber Moiré Gratings

( ‘, 102

Reference

L. A. Everall et al, 'Multiple-passband in-fiber Moiré resonators fabrication using near-
field holography with a chirped phase mask,' Proc. of the 11th Int. Conf. on Integrated
Optics and Optical Fiber Communications and 23rd European Conference on Optical
Communications, IOOC/ECOC '97, Edinburgh, 22-25 September 1997, vol.2, pp.41-
44,

Description

The example demonstrates how to simulate the Moiré passband filter with a chirped
and apodized Bragg grating.
The grating has a user defined period chirp defined by the following:

pl=0.53082192

p2=0.5309589
chirp=-1.1le-3/Length
perl=pl+chirp* (x-Length/2)
per2=p2+chirp* (x-Length/2)
2*perl*per2/ (perl+per2)

where the last line defines the chirp.
The user defined grating apodization is:
pl=0.53082192

p2=0.5309589
chirp=-1.le-3/Length
perl=pl+chirp* (x-Length/2)
per2=p2+chirp* (x-Length/2)
2.0*cos (pi*x* (1/perl-1/per2)+pi/2)

where the last line defines the apodization.

The main result is the transmission spectrum of the grating.
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The File Menu

[ Hew Chrl+H
= Qpen... Ctrl+0

Cloze
Cloze All

H Save Chrl+5
Save bz

Save Workzpace...
Save Template...

Frint Setup...

1 fbachirp.ifa

2 fbgapod.ifo

2 moiregrating. ifo

4 dhifo_gratings20h.. Alpa.ifo

E xit

When you start OptiGrating, you have only three menus to work with: File, View, and
Help. However, when you create a new project or open an existing one, you notice
that there are nine menus that contain all commands you will need to do your work
effectively.

The File menu, shown on the left, allows you to use the following commands:

New

Opens a new project. After selecting the New option, you have the following choices:
Single Fiber, Fiber Coupler, Single Waveguide, Waveguide Coupler, and Other
Waveguide.

Open

Opens an existing project.

Close

Closes the active project. The program prompts you to save changes before closing
the project.

Close All
Closes all open projects.
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Save
Saves the active project under the current name and in the default location.

Save As
Saves the current project with a different name and in a location of your choice.

Save Workspace

Saves all the information in the multiple graph windows, together with the settings and
the size and position of the windows.

Save Template
Saves the active project, with all its settings, as a template and allows you to apply
that template to other projects.

Print
Prints the selected graph.

Print Preview
Gives you a print preview of the selected graph.

Print Setup

Allows you to set up the printer, the page size and orientation, and offers you other
printing options.

Exit

Allows you to exit the program. The program prompts for saving changes to the
projects.
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New

File: New

Using the New Command

The New command gives you access to the five different modules you can work with
in OptiGrating: Single Fiber, Fiber Coupler, Single Waveguide, Waveguide Coupler,
and Other Waveguide. Those five modules have some common parameters, but you
use each module for different purposes.

e
, Single Fiber

@ @ Fiber Coupler

IE' Single " aveguide

YW aveguide Coupler

IEI ther W aveguide

The Single Fiber module is the most complex one. You use this module when you
want to calculate Material Dispersion and when you want to simulate the coupling
between multiple modes.

When you work with Sensors (Fiber Bragg and Long Period Gratings), you can only
use the Single Fiber modules.

Note: The differences between the five modules are best revealed in the different
options available in the Fiber/Waveguide dialog box.

To start a New project
From the File menu, click New.

6 In the New dialog box, choose one of the following modules: Single Fiber,
Fiber Coupler, Single Waveguide, Waveguide Coupler, or Other Waveguide.
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Single Fiber

File: New > Single Fiber

The Single Fiber Module

You use the Single Fiber module to model a fiber with arbitrary radial symmetry while
the grating can be placed anywhere in the fiber. OptiGrating allows you to adjust both
the fiber dimensions and refractive index profile and photosensitivity profile.

/ claddmh \
cure

D)D)

..-' /x/ﬁzf/fﬁﬁ L i J
\ / Bragg grating /

You can simulate the grating assisted coupling between forward and backward
propagating modes. There are two mode options available: LP modes or full, vector
modes (HE, EH, TE, or TM) of the fiber. The vector mode option is only available for
step-index fiber. The Single Fiber module finds application in WDM selective and

add/drop filters, dispersion compensators, long period fiber grating filters for EDFA
gain flattening, and sensors.

To choose the Single Fiber module
1 File > New.

2 In the New dialog box, click Single Fiber.
The Single Fiber Profile Dialog Box

In this dialog box, you enter the main data concerning the fiber dimensions: index
profile and photosensitivity profile.

To open the Single Fiber dialog box
1 In the Project window, click the Fiber/Waveguide Parameters button.

The Single Fiber Profile dialog box options are described below.

( ‘, 108
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Feal Index prafile:

Export Profile

List of Regions
Shows the index radial regions by their names.

Add
Adds a region to the bottom of the list.

Insert
Adds a region immediately under the highlighted point on the list

Remove
Deletes the selected region from the list

Undo
Left undo arrow deletes previous steps. Right redo arrow replaces deleted steps.
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Up
Moves the selected region one position up the list.

Down
Moves the selected region one position down the list.

Width
Enter the width of the selected region in microns.

Steps
Enter the number of steps for discretization of the index profile function.

Index tab
Real

Select one of the following options for the real index profile within the current region:
Constant - Constant value of the real refractive index

Linear

Parabolic

Gaussian

Exponential

Alpha-peak

Alpha-dip

User Function - Functional dependence of the index, where the function is defined or
programmed using the powerful Script Language environment.

The notation convention for these functions is described in the Technical Background,
section Index Profile of Fibers. Conventionally, the functions' argument is the radial
local distance that is zero at the beginning of the region and is equal to the Width value
at the end of the region.

Value (for Real Index)

Numerical data entry box - Present when the constant real index option is selected.
Enter the real refractive index value for the selected region.

Define (for Real Index)

Present when the Function or User Function option is selected. Press the Define
button to specify the function. For the built-in functions, a dialog box related to one of
the predefined functions appears. For the User Function option, pressing the Define
button launches the User Defined Function script programming environment.
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Imag.

This option is available when the Real Profile check box is unchecked.

Select one of the following options for the imaginary index profile within the current
region:

Constant - Constant value of the imaginary refractive index

Linear

Parabolic

Gaussian

Exponential

Alpha-peak

Alpha-dip

User Function - Functional dependence of the index, where the function is defined or
programmed using the powerful Script Language environment.

Value (for Imag. Index)

Numerical data entry box - Present when the constant imaginary index option was
selected. Enter the imaginary refractive index value for the selected region.

Define (for Imag. Index)

Present when the Function or User Function option was selected. Press the Define
button to specify the function. For the built-in functions, a dialog box related to one of
the predefined functions appears. For the User Function option, pressing the Define
button launches the User Defined Function script programming environment.
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Radial Photosensitivity tab

Index  Radial Photozensitivity l

Type | constant * | Yalue |'| Define|

Type

Select one of the following options for the radial photosensitivity profile within the
current region:

Constant - Constant value of radial photosensitivity

Linear

Parabolic

Gaussian

Exponential

Alpha-peak

Alpha-dip

User Function - Functional dependence of the sensitivity, where the function is
defined or programmed

using the powerful Script Language environment.

Value

Numerical data entry box - Present when the constant radial photosensitivity option is
selected. Enter the radial photosensitivity value for the selected region. See the
definition of photosensitivity in the technical background section.

Define

Present when the Function or User Function option is selected. Press the Define
button to specify the function. For the built-in functions, a dialog box related to one of
the predefined functions appears. For the User Function option, pressing the Define
button launches the User Defined Function script programming environment.

Azimuthal Photosensitivity

Select one of the following options for the azimuthal radial photosensitivity profile
Constant - Constant value of radial photosensitivity

User Function - Functional dependence of the sensitivity, where the function is
defined or programmed using the powerful Script Language environment.

Value - Numerical data entry box - Present when the constant Azimuthal
photosensitivity option is selected. Enter the Azimuthal photosensitivity value for the
fiber.

Steps - Enter the number of steps for discretization of the Azimuthal photosensitivity
profile user function.
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Note: The 'x" variable in the user defined function is the azimuthal angle from 0
to 2p.

Dispersion Enable

Enable the material dispersion model for the current region. The model definition can
be accessed by pressing the Define button in the Dispersion section of the dialog box
(see Material Dispersion dialog box).

Dispersion Global

Assign the global material dispersion model to the current region. The global model
assumes that a fiber is formed by doping the host material with one dopant that raises
the refractive index and another dopant that lowers the index (see Material Dispersion
dialog box ).

Define Dispersion

Opens the Material Dispersion dialog box, where you can assign a material dispersion
model based on the Sellmeier coefficients library. Alternately you can provide a
custom model.

Real Profile
When the index profile is real, check this check box. Otherwise, uncheck it.

Wavelength

Enter the wavelength in microns. This wavelength is considered as the measurement
wavelength. (The wavelength at which the current profile is exact. For other
wavelength values used in the program (for example when scanning over a spectral
range) the profile shape is adjusted accordingly based on the material dispersion
model, if it is enabled.

Mesh
X: Number of points in the transverse cross-section along the X-axis
Y: Number of points in the transverse cross-section along the Y-axis
The modal fields are calculated based on the mesh setting.

Display

Real - When this radio button is selected, the real index profile will be displayed in the
lefthand display window.

A - When the Enable check box is checked, enter the wavelength, and the real index
profile at this wavelength will be displayed.

Imag. - When this radio button is selected, the imaginary index profile will be displayed
in the left-hand display window.

PS - When this radio button is selected, the radial photosensitivity profile will be
displayed in the left-hand display window.
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Import Profile

Import the real index profile from a text file.
The format of the text file is:
radius in ym refractive index

For example, the text file for a three layers fiber profile is:
4.2 1.451

62.5 1.444

80 1.0

Export Profile
Export the real index profile to a text file
The format of the text file is same as the format described in the Import Profile

Apply
Apply the changes made in the dialog box.
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Material Dispersion dialog box

The Material Dispersion dialog box displays the material index as function of
wavelength. For the dispersion model, it is assumed that the fiber profile consists of
regions with only the host material and doped regions. One of the dopants raises the
refractive index, while the other dopant lowers it. The Dopant + and Dopant - curves
show the dispersion curves for materials with a particular kind of dopant (in this case,
Germanium for + and Fluorine for -) at a certain doping concentration. OptiGrating will
use the index given at the centre wavelength in the Single Fiber Profile dialog box to
deduce the concentration in the given layer. With this concentration found,
OptiGrating will interpolate or extrapolate to find the index at other wavelengths. See
the OptiGrating manual, Technical Background chapter for details.

Material Dispersion [ x| I

. . Dizplay
Host ure silica Define | [ Usger Ok
From I—D'S & |v Host
Dopant + | germania-doped sil Define | [ User T # v Dopant + ﬂ
: — : & |18 o v Dopant -
Dopant - | fuorine-doped siic Define | [ Usger

147050

146307

1. 45564

144822

1.44079-

143337

R I
0. 500000 0. 760000 1.02000 1.28000 1.54000 1.80000

To get the Material Dispersion dialog box:

1 Open the Fiber Profile dialog box.
2 Select Enable in the Dispersion section.
3 Press the Define button in the Dispersion section.

The Material Dispersion dialog box options are described below.

Host

Shows the name of the fiber host material. Press Define to specify the material and
its dispersion model. When the User option is cleared, the Define button activates the
Sellmeier Parameters dialog box. When the User option is checked, the Define button
launches the User Defined Function script programming environment (see the Script

Language section of the documentation).
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Dopant +

Shows the name of the fiber material that has higher index due to an index-raising
dopant. The Define button and the User option work the same way as for the Host
option.

Dopant -

Shows the name of the fiber material that has lower index due to an index-decreasing
dopant. The Define button and the User option work the same way as for the Host
option.

Display From

Enter the minimum wavelength for the dispersion display.

Display To
Enter the maximum wavelength for the dispersion display.

Update
Update the dispersion display after recent changes.

Sellmeier Parameters dialog box
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The Sellmeier Parameters dialog box allows you to select the material dispersion
model based on the Sellmeier theory. OptiGrating uses six Sellmeier coefficients,
three wavelengths and three amplitudes, to define the dispersion curve. If the
Sellmeier coefficients for the material at the given doping concentration are known,
you may want to put this in your Sellmeier Coefficient Library so that the dispersion
used lies exactly on one of the curves shown in the Material Dispersion dialog box,
rather than having to rely on an interpolation formula to calculate the effect of material
dispersion. It will also be necessary to add an entry to the library if you are using a
dopant different from the ones already provided.

To access this dialog box, do the following steps:

1 Open the Fiber Profile dialog box.
2 Select Enable in the Dispersion section.
3 Press the Define button in the Dispersion section. The Material Dispersion

dialog box opens.

4 In the Material Dispersion dialog box, press the Define button for defining the
Host, Dopant +, or Dopant - material model.

Sellmeier Formula

The Sellmeier formula is displayed for reference. The formula reads:

AM-—1 =
O Wt FAE W TR WY
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where n is the wavelength-dependent refractive index, A4,, 4,, and A, are the
Sellmeier amplitudes, and A;, A,, and A; are the Sellmeier resonance
wavelengths.

The Sellmeier Parameters dialog box options are described below.

Name

Enter the name of the material. If you select the material from the Library list (see Get
below) then the name appears automatically.

A 1s A2: A3
Enter the amplitude Sellmeier coefficients.
}\’15 }\’25 }\’3
Enter the wavelength Sellmeier coefficients.

Add

If you entered new material along with its Sellmeier coefficients, you may add it to the
library by pressing the Add button.

Delete
Delete the selected material from the library.

Get

Get the material from the Library list. The library materials are stored in a data base.
Fiber_CAD provides some of the known materials along with the Sellmeier
coefficients.

2 a
s _qo A AQA‘. . AE

—Definition

M arne ‘ Pure zilica

AQ 04079426 ﬁ 0897479
,11 [umn] | 00634043 ,12 [pm] | 01762414 ,13 [um] | 9.295161

—Libram

Air = <4 Add Get 3o
boron-doped silica J ‘ = |

fluorine-doped silica

germania-doped silica Delete
phozphorus-doped silica

Pure zilica

ﬂ ak. | Cancel
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Function Definition dialog box

The Function Definition dialog box allows you to define the start and end values in the
current region. The real index profile, imaginary index profile, and radial
photosensitivity use the same set of function definitions.

With this dialog box, you can specify the following predefined functions of the region’s
local radial coordinate x:

Constant index profile:

n(x) = const

Linear index profile:

_ n(w) —n(0)
n(x) = n(0)+x- ”

Parabolic index profile:
X

n(x) = [n(w)—n(0)]-(2) +n(0)

w.

Exponential index profile:

n(x) = [n(w)—-n(0)]- e—f— : exp(—f—) Le-nw)—n(0)

e—1

where w is the region width, and n(0), n(w) are the values at x=0 (start) and x=w (end),
respectively. The symbol e denotes the Euler number.

To access this dialog box, do the following steps:

1 Open the Single Fiber Profile dialog box.

2 Select the Real index list box.

3 On the list, select Linear, Parabolic, or Exponential.
4 Press the Define button under the Index option.

Function Definition x|

Start Value | 1.46

End Value |1.45

Ok, I Cancel

The Function Definition dialog box options are described below.
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Start

Enter the start value at the beginning of the region.

End
Enter the end value at the end of the region.

CHAPTER 4: USER GUIDE

See also the Index Profile of Fibers section in the Technical Background.

Gaussian User Function dialog box

The Gaussian User Function dialog box allows you to specify the Gaussian function

in the current region.
Gaussian profile:
2-(x— xo)}2

= _1 2.
n(x) = n,,.exps—In [ P

where nmax is the maximum value, x, is the center (peak) position, and h is the

normalized Full Width at Half Maximum (FWHM).

To access this dialog box, do the following steps:

1 Open the Single Fiber Profile dialog box.
2 Select the Real index list box.

3 On the list, select Gaussian.

4

Press the Define button under the Index option.

Gauszzian user function

[3 auszian Function

M max 11-5
Marm. Fu/HM |1D

Center pogition [pm| iEI
Cancel I

The Gaussian user function dialog box options are described below.

Nmax

Enter the maximum value described by the Gaussian function.
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Norm. FWHM
Enter the normalized Full Width at Half Maximum (FWHM) of the Gaussian function.

Center Position

Enter the peak position of the Gaussian function. The position is measured from the
beginning of the current region.

See also the Index Profile of Fibers in the Technical Background.

Alpha Power Law dialog box

The Alpha Power Law dialog box allows you to specify the Alpha-Power function in
the current region. The Alpha-power dependence has two forms: alpha-peak and
alpha dip.

Alpha —peak index profile:

n(x) = Mg, JI—ZA-(f;)a

where, 1, is the maximum value and A is the normalized difference. It is defined

as
2_ 2
A = Mmax — Mmin
2
2nmax

Alpha —dip index profile:

n(x) = N, JI—ZA-(i>a

where, n,,,, isthe maximum value and A is the normalized difference.
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To access this dialog box, do the following steps:

1 Open the Fiber Profile dialog box.
2 Select the Real index list box.
3 On the Function list, select Alpha-Power Peak or Alpha-Power Dip.
4 Press the Define button under the Index option.
Alpha - power law El
Alpha Peal
b & ref indes 1.46

Marm Indes difference % (0.4

Alpha value 2

The Alpha Power Law dialog box options are described below.

Max Ref Index
Enter the maximum value described by the Alpha-Power function.

Norm Index Difference %
Enter the normalized difference of the Alpha Power function.

Alpha Value
Enter the alpha power coefficient value.

See also the Index Profile of Fibers section in the Technical Background.

User Defined Function dialog box

The User Defined Function dialog box allows you to specify the user function. The
user defined function can be almost anything that conforms to the rules of the Script
Language programming.

You can find detailed information in the Working With User Defined Options section.

Single Fiber Modes dialog box

After you have finished the data entry in the Single Fiber dialog box, OptiGrating
computes a list of guided modes. This list is displayed in the Single Fiber Modes
dialog box.
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Settings

In the Single Fiber modes dialog box, you can define the following options under the
Settings tab:

Single Fiber Modes x|

Settings l Advanced Settings ]

—LP modes
i* LPmh

m Fram IE m Tao |0 n Max |10

—Yectonal modes
i HEmmn ( EHmn i TEOn T O

m  From |1 m To |'I n bax (10
Recalculate Mu:ndes| Wiavelength |1.55 um

Cx LP 0,17 -> [1.4518111] < MPUT MODE
-
-
Select All | Dezelact All ‘ Wi ‘ Export Index |
|nput mode:
Input amplitude: |1
o |LF' [0.77-» (1.4518111] < IMFUT Set .
Phaze [pi]: 1]

Ok, | Cancel |

LP Modes

To work with LP modes, click the LPm,n button to enable it and enter the range of the
mode index m (m From to m To) and the maximum value of the mode index n (n Max).

Vectorial modes

To work with vectorial modes, click one of the button (HEm,n EHm,n TEO,n TMO,n) to
enable it and enter the range of the mode index m (m From to m To) and the maximum
value of the mode index n (n Max).

( ‘, 122



Recalculate Modes
Press this button to start the mode calculation

Select All
Select all the modes from the mode list

Deselect All
Deselect all the modes from the mode list

Set
Set the current selected mode as input mode

Input amplitude
The amplitude of the selected input mode

Phase
The phase of the selected input mode

View

CHAPTER 4: USER GUIDE

View and export the modal fields. See 3D Preview of the field dialog box.

Export Index

Export the effective refractive index to a text file.
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Advanced Settings

Under the Advanced Settings tab, you get the following additional choices:

Single Fiber Modes x|

Settings  Advanced Settings I

—Solkwer ————— ~ Tolerance
i* Real  Complex Feal |1e-002 Imaginary | 1007

— Calculation———— —Reaqion
Step Size Re-005 Real: Fram |1.45EIEIEIDEI To ‘1.4EDDDDD
Sample Rate |25 Aum Imaginary: From |-EI.EID'I 0000 Te ‘ 00070000

Recalculate Mu:ndes| Wavelength |1.55 um

Cx LP 0,17 -> [1.4518111] < INFUT MODE
-
-
Select All | Dezelact All ‘ Wi ‘ Export Index |

|nput mode:

Input amplitude: |1
Phaze [pi]: 1]

Ok, | Cancel |

D|LF'[IZI,1]->[1.4518111]<INF‘UT Set

*  Choosing Real or Complex will determine which variables you can change.

In the Real option, real solutions will be sought in the interval specified in the Real
From and To fields. The solver will step through this interval in steps of Step Size. In
the Complex option, solutions are sought in a rectangular region of the complex plane
as defined by the From and To fields in both real and imaginary. The Complex option
uses an advanced technique for finding the roots as described in the Technical
Background chapter of the OptiGrating manual.
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To compute guided modes

1 File > New.

2 New > Single Fiber.

3 In the Project window, click the Fiber/Waveguide Parameters button.

4 In the Single Fiber Profile dialog box, enter the desired values and press the

OK button.
In the Project window, click the Mode Parameters button.

In the Single Fiber Modes dialog box, select modes from the list of guided
modes.

In the Input Amplitude and Phase boxes, enter the desired values.
Choose the Advanced Settings tab.

In the Advanced Settings dialog, choose either Real or Complex in the Solver
box to enter desired values and press OK.

3D Preview of the field dialog box
To Access the 3D Preview of the field dialog box

Follow steps 1 to 5 from the “To compute guided modes” procedure.

1 Press the view button in the Single Fiber Modes dialog box.

Note: You can also access this dialog box from the Fiber Coupler Modes dialog
box.

The Properties of the dialog box options are described below.

Component

Enable one of the component buttons: Ex, Ey, Ez, Hx, Hy, Hz. The enabled field
component will be displayed and exported.

Mesh

X - Number of points in the transverse cross-section along X-axis
Y - Number of points in the transverse cross-section along Y-axis

Apply
Apply the changes made in the dialog box.

Export

Export the modal field. The file format is the field *.f3d of BPM_CAD.
The exported 3D Complex Format:

BCF3DCX - File Header

NX NY - Number Of x And y Data Points

WX WY - Mesh Width In x And y

Z1 - Complex Number z Data Point With Coordinates (xmin, ymin)

Z2 - Complex Number z Data Point With Coordinates (xmin+dx, ymin)
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Z3 — Complex Number z Data Point With Coordinates (xmin+2dx, ymin)

ZNX — Complex Number z Data Point With Coordinates (xmax, ymin)
ZNX+1 — Complex Number z Data Point With Coordinates (xmin, ymin+dy)

ZN — last Complex Number z Data Point With Coordinates (xmax, ymax), N=NXxNY
Where dx = (xmax-xmin)/(nx-1) and dy = (ymax — ymin)/(ny-1).

Save Graph

Save the graph as a Windows Enhanced Metafile (.emf)

3D Preview of the field =]

— Comparnent—

Ex
Ev
Ez
Hx
Hi
Hz

T R Y

— Mesh
|40
Y40

Apply

Export
Save Graph...

Using Calculation Options

The last step before getting numerical results is to select one of the calculation
options: Propagation, Spectrum, Pulse Response, Parameter Scan.

Propagation
Reflection and transmission along the device.

You can select the number of propagation steps and the signal wavelength. Notice
that the signal wavelength in the Wavelength box can be different from the central
wavelength used in the Single Fiber dialog box. This option allows you to study the
propagation at wavelengths close to the central wavelength. By default, the
wavelength is set equal to the central wavelength.
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To use the Propagation calculation option

1
2

Spectrum

Follow steps 1 to 5 from the “To compute guided modes” procedure.

In the Single Fiber Modes dialog box, select a mode from the list of Fiber
Modes.

In the Input Amplitude and Phase boxes, enter the desired values and click
the OK button.

In the Project window, choose Propagation from the Calculation list box.

In the Propagation Step box and in the Wavelength box, enter the desired
values and click the Calculate button.

Reflection and transmission at the input and output ports of the device within a range
of wavelengths.

To use the Spectrum calculation option

1
2

Follow step 1 to 5 from the “To compute guided modes” procedure.

In the Single Fiber Modes dialog box, select a mode from the list of Fiber
Modes.

In the Input Amplitude and Phase boxes, enter the desired values and click
the OK button.

In the Project window, choose Spectrum from the Calculation list box.

In the From, To, and Step boxes, type the desired values and click the
Calculate button.

Pulse Response

Input pulse intensity spectrum, grating spectrum, output pulse intensity.

To use the Pulse Response calculation option

1
2

Follow step 1 to 5 from the “To compute guided modes” procedure.

In the Single Fiber Modes dialog box, select a mode from the list of Fiber
Modes.

In the Input Amplitude and Phase boxes, enter the desired values and click
the OK button.

In the Project window, choose Pulse Response from the Calculation list box.

In the Steps, Time Span, and Wavelength boxes, type the desired values and
click the Calculate button.
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To work in the Pulse Response dialog box
1 In the Project window, from the calculation list box, choose Pulse Response.

2 In the Input View dialog box, click the Define button to open the Pulse
Response dialog box.

Pulze Responsze E |

Input pulze ¥ Link

I gausEian j [ Efifie | Length [krr] 100
. I Chrornatic . |1 g
Interzity Pa/HM [ps] |50 Dispersion [p=dnnkm]

-
EEEREEEE—= Cancel
3 In the Input Pulse section, choose either Gaussian or User Defined from the

list box. If Gaussian is selected, you will be able to enter an Intensity FWHM
value in the Intensity box, where FWHM is the Full Width at Half Maximum in
picoseconds.

4 If you want to define the fiber or waveguide Length and Chromatic
Dispersion, enable the Link check box.

5 The Length is measured in kilometers; the Chromatic Dispersion is measured
in picoseconds per nanometer per kilometer.

Note: If you select User Defined from the list box, the Define button is enabled.
When you click it, you will be able to set your preferences in the User Defined
Function dialog box. If you enable the Link check box, you will see two pulses
displayed in the Input tab of the Project window: the input pulse at the beginning
of the fiber link and the input pulse after propagation through the fiber link, but at
the beginning of the grating.

Parameter Scan

The bandwidth, sidelobe, peak value, peak position and dispersion at central
wavelength within the range of the selected grating parameter. OptiGrating allows you
to define the number of calculation steps.
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To use the Parameter Scan calculation option

1 Follow steps 1 to 5 from the “To compute guided modes” procedure.

2 In the Input Amplitude and Phase boxes, enter the desired values and click
the OK button.

3 From Calculation menu, select Scan.

In the Scan dialog box, type the desired values and click the Calculate button.

Setting Options in the Fiber Bragg Grating Sensor Dialog Box

The Fiber Bragg Grating Sensor dialog box allows you to set Strain and Temperature
options and to define Strain-optic and Thermo-optic parameters. It is only available for
two layer stepindex fibers.

To define options in the Fiber Bragg Grating Sensor dialog box

1 File > New.

2 In the New dialog box, click Single Fiber.

3 From the Parameters drop down menu, click Grating Parameters.

4 In the Grating Manager dialog box, double-click the desired grating.

5 In the Grating Definition dialog box, enable the Sensors check box.

6 Press the Define button to open the Fiber Bragg Gratings Sensor dialog box.
x|

~ | Stain - optic parameters

i+ Photoelastic coefficients

P11 (0121

Poizzan

" Strain - optic coefficient [140E] |0 2145

P12 (027

atio |07

— Micro-strain

| uniform j

Conztant

1]
[zer fumetion

— v Themmo - optic parameters

Thermal Expansion Coefficient

Thermo - ophic coefficient

Reference Temperature

[1/C] | 5.5=-007

[14C] | 8.3=-006

[c] |25

— Temperature

[E1|0

To [c]|50

[Mzer funchion

Cancel | QK |
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7 In the Fiber Bragg Grating Sensor dialog box, define the Strain-optic and the
Thermooptic parameters and the Strain and Temperature options.
8 Click the OK button.

Note: For more details about the parameters available in Fiber Bragg Grating
Sensor dialog box, see the Technical Background section.

Setting options in the Long Period Grating Sensor dialog box

In the Long Grating Sensor dialog box, you can define the Strain-optic parameters,
Thermooptic parameters, Cladding, Micro-strain distribution along the grating, and
the temperature distribution along the grating. It is only available for three layer step-
index fibers.

To define options in the Long Period Grating Sensor box

1 File > New.
2 In the New dialog box, click Single Fiber.
3 From the Parameters drop down menu, click the Grating Parameters button.
4 In the Grating Manager dialog box, double-click the desired grating to open
the Grating Definition dialog box.
5 In the Grating Definition dialog box, enable the Sensors check box and click
the Define button to open the Long Period Grating Sensor dialog box.
—I+ Shrain - optic parameters ——— Core— [~ Cladding — Micro-ztrain
{* Sirain - optic coefficient  [1/1e] IW (e Strain - optic cosfficient [1/pE] IW urifarm ﬂ
" Photoelastic coefficients " Photoelastic cosfficients Constant W

P11 (0121 P12 (027 F11 |01 P12 (027 1]

Poisson ratio |17 Puoiszon ratio | 117 Iser furmetian

| Thermo - optic parameters

Thermal E=pansion Coefficient [1/C] | 55007 Thermal Expansion Coefficient [1/C] | 55007 uriifarm hd
Themmo - optic coefficient —— [1/0] [2 5000 Thema - optic cosficient 10 [32e00s | | ot [E11S0

[C|0
s en i ehan

Care -~ Cladding — Temperature

Reference T emperature: [C] |25

Cancel
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In the Micro-strain section, choose one of the following options from the list
box: Uniform, Linear, Gaussian, or Used Defined.

Uniform — constant value along the distance
Linear — linearly-varying with the distance, provides start and end values

Gaussian — Gaussian-varying along the distance. Gaussian in grating strain and
temperature distributions (See the Technical Background chapter).

User Defined — when selected enables the Used Function button that opens the
User Defined Function dialog box

From the Temperature list, choose one of the following options to define the
temperature distribution along the grating: Uniform, Linear, Gaussian, or User

Defined.

Note: For information about the Strain-optic Parameters, Cladding, and Thermo-
optic Parameters, see the Technical Background chapter.
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The Fiber Coupler
File: New > Fiber Coupler

The Fiber Coupler Module

You use the Fiber Coupler module to model two fibers embedded in one infinite
cladding. The grating can be placed anywhere in the coupler. OptiGrating allows you
to adjust both the fiber coupler dimensions and refractive index profile and
photosensitivity profile.

cladding {unbounded)
N

Core 1 | '

\I
N 4
N
y,

N ‘\‘\Q\“ﬁ\“‘\“\\‘“{\“ﬁ\\\
| Core 2| ||I| |.|

N4 //M/JMJJ

Bragg grating

You can optimize the coupling between the modes of the two fibers. There are two
mode options available: LP modes or full, vector modes (HE, EH, TE, or TM) of the
fibers. The vector modes option is only available for step-index fiber. The Fiber
Coupler module finds applications in co-directional and contra-directional grating
assisted coupler, direct and exchange fiber Bragg reflectors, and filters.

To select the Fiber Coupler module
1 File > New.

2 In the New dialog box, click Fiber Coupler.

The Fiber Coupler dialog box

In this dialog box, you enter the main data concerning the fiber coupler dimensions,
index profile, and photosensitive profile.
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To open the Fiber Coupler dialog box

1 File > New.
2 In the New dialog box, click Fiber Coupler.
3 In the Project window, click the Fiber/Waveguide Parameters button.

The Fiber Coupler Profile dialog box options are described below.

EFiher Coupler Profile

Enter profile far Fiber 1

Core J — Redqion o
Claddini Add wirdth 2 um Steps |1 pr | Fibuer 1
Ikzert .
4 Index lF!adiaI Phnlosensitivity] v Real Profile
Real | Wal 15 i
Copy &3 | constant J alue | Define ‘wavelength [ur] _
Fiber 2
rUnde—— | Imag. |constant T Walus |E| Define 155
ey o
— Move —— — Azinuthal Phatozenzitivity Dizpersion kezh
- bt .
Up |corstant J Walue |'I | Enable a0 Distance [um]
J Down Steps |4 ¥ Globall || Define Y 50 o1
Dizplay
- {* Real
N A [1.55
r ) Iman
[ 1 —
. I " ps.
¥ L
- Real Index profile;
L.A§ -‘I r
L [ L L .
1 L 21 EL
i deh

Impart Prafile 1 Esport Prafile 1 Impart profile 2 Export Profile 2 | 0k

Fiber 1

Select Fiber 1 button to define the profile of fiber 1. The options for fiber 1 are same
as Single Fiber profile (see Single Fiber Profile dialog box).

Fiber 2

Select Fiber 2 button to define the profile of fiber 2. The options for fiber 2 are same
as Single Fiber profile (see Single Fiber Profile dialog box).

Distance
Distance is the width of the shortest common cladding of the coupler.
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Note: To make sure the fiber coupler has common cladding, The outmost regions
of Fiber 1 and Fiber 2 should be defined by constant real index profile with Steps
equal to 1 with same index value.

Fiber Coupler Modes dialog box
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After you have finished the data entry for the fibers in the Fiber Coupler Profile dialog
box, OptiGrating prepares lists of guided modes, which include separate calculations
for Fiber 1 and Fiber 2. The lists of guided modes are displayed in the Fiber Coupler
Modes dialog box. You can select one Fiber 1 mode and one Fiber 2 mode.

The options in the Fiber Coupler modes dialog box are similar to the one in the Single
Fiber Modes dialog box.



Fiber Coupler Modes

Settings | Fiber 1 | Fiber 2 |

CHAPTER 4: USER GUIDE

— LP modes
i* LPmh

m  From IE - Ta |0 n hMax |10

—Wectonal modes
T HEmn  © EHmn " TE On COTM O

m From |1 m To |1 n bax (10

Recalculate Modes | Wavelsngth | 1.59 um

LR 017 - 1.4518111]

Export Index | Wiew Mode Export Index | Yiew Mode |
— Input kode
Set i |Fi|:u1 LP [0, 7] -> [1.4518111] Set

Input amplitude |1 Input amplitude  |Q
Phase [pi] [0 Phaze [p] |0

Ol | Cancel |

To compute guided modes in the Fiber Coupler Modes dialog box

1 In the Fiber Coupler Modes dialog box, select one mode from the Fiber 1
Modes list box and one mode from the Fiber 2 Modes list box.

2 In the Fiber 1 Amplitude and in the Fiber 2 Amplitude boxes, type the desired
values.

3 In the Phase boxes, enter the desired values and click the OK button.
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Clicking on either the Fiber 1 or Fiber 2 tabs will bring up the following choices:

Fiber Coupler Modes |

Settings Fiber 1 lFih3r2]

—Solker ————— ~ Tolerance
i* Real ©  Complex Real |1e-003 Imaginary |1e-007
— Calculation————  — Reaqion
Step Size Be-005 Real: Frum|1.45EIEIEIDEI TD‘1.4EDDDDD
Sample Rate |25 fum Irmaginany: Frum|-EI.EID'IEIDDD TD‘D.DD'IDEIEID
Recalculate Modes | W avelength 1.55 L

S LP 0, 1) - [1.4518111)

E xpart Index | Wiew Mode ‘ E xpart Index Wiew kode
— lnput kode
Set - |Fi|31 LP [0, 1] - [1.4518111] Set

Input amplitude |1 Input amplitude |0
Phaze [pi] |0 Phaze [pi] |0

Ok | Cancel |

» Similar to the Advanced Settings option in Single Fiber Modes, choosing either
the Real or Complex button in the Solver box will determine which variables you
may change.

In the Real option, real solutions will be sought in the interval specified in the Real
From and To fields. The solver will step through this interval in steps of Step Size.

In the Complex option, solutions are sought in a rectangular region of the complex
plane as defined by the From and To fields in both real and imaginary. The Complex
option uses an advanced technique for finding the roots as described in the Technical
Background chapter of the OptiGrating manual.
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Single Waveguide
File: New > Single Waveguide

The Single Waveguide Module

You use the Single Waveguide to model a multilayer slab waveguide with grating. The
grating can be placed on the interface of layers as surface relief grating, or in layers
as index-modulated grating.

cladding

wavequide grating
U U UL

substrate

You can simulate the coupling between forward and backward propagating modes.
There are two mode options available: TE or TM modes of the waveguide. The Single
Waveguide module finds applications in thin-film optical filters, distributed feedback

lasers (DFB), distributed Bragg reflector lasers (DBR), and waveguide Bragg
reflectors.

To select the Single Waveguide module

1 File > New.

2 In the New dialog box, click Single Waveguide.
The Single Waveguide Profile dialog box

In this dialog box, you enter the main data concerning the single waveguide
dimensions, index profile, and photosensitive profile.

To open the Single Waveguide dialog box
1 In the Gratings box, click the Fiber/Waveguide Parameters button.

2 In the Single Waveguide dialog box, you can define the following options:
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ESingIe Wawveguide Profile il
— — Region
|« | Appl
Add PP
ga[l:uestrate Width ; Al Steps 1
Inset v Real Prafile
Inde: } Phuto&en&itivit_l,l]
Remove
Copy Real | constant ﬂ ‘-"a|u3|1 Define wavelength [ur]
Unda—— Imag.| constant T Walue | 0 Diefife 1 E5
T
— Move—— — Dizgpersion Mezh
Lp [ Enable 1000
J Dlawn [v| Global Defife
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i A 158
g 1 i Img
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Import prafile Export Prafile
Photosensitivity

Type: Select one of the following options for the radial photosensitivity profile within
the current region:

Constant - Constant value of radial photosensitivity

Linear

Parabolic

Gaussian

Exponential

Alpha-peak

Alpha-dip

User Function - Functional dependence of the sensitivity, where the function is
defined or programmed using the powerful Script Language environment.

(‘,, 138



CHAPTER 4: USER GUIDE

Value: Numerical data entry box - Present when the constant radial photosensitivity
option was selected. Enter the radial photosensitivity value for the selected region.

Define: Present when the Function or User Function option was selected. Press the
Define button to specify the function. For the built-in functions, a dialog box related to
one of the predefined functions appears. For the User Function option, pressing the
Define button launches the User Defined Function script-programming environment.

Note: The surface-relief grating will be located at the top of the region when the
photosensitivity of this region is not equal to zero. The gratings can only be
located at one waveguide interface. If more than one region is photosensitive, the
grating will be located at the first region (in the region list). The definitions of other
photosensitivity will be ignored.

Mesh: Number of points in the transverse cross-section along Y-axis

The definitions of the other Options in this dialog box are same as in the Single fiber
profile dialog box.

Single Waveguide Modes dialog box

After you have finished the data entry in the Single Waveguide dialog box, OptiGrating
allows you to compute Waveguide modes. The waveguide modes are listed in the
Single Waveguides Modes dialog box. You can select modes for calculations.

In the single Fiber modes dialog box, you can define the following options:

Vectorial modes
TE - Check this option to calculate the Transverse Electric (TE) modes of waveguide

TM - Check this option to calculate the Transverse Magnetic (TM) modes of
waveguide

View
View and export the modal fields. See 2D Preview of the field dialog box.

Recalculate Modes
Press this button to start calculate modes

Select All
Select all the modes from the mode list

Deselect All
Deselect all the modes from the mode list

Set
Set the current selected mode as input mode

Input amplitude
The amplitude of the selected input mode

Phase
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The phase of the selected input mode

Export Index
Export the effective refractive index to a text file.

Single Wavequide Modes
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To compute guided modes in the Single Waveguide Modes dialog box

1 File > New.

2 In the New dialog box, click Single Waveguide.

3 In the Gratings box, click the Fiber/Waveguide Parameters button.

4 In the Single Waveguide dialog box, enter the desired values and press the

OK button.

In the Single Waveguide Modes dialog box, select modes from the list.
In the Input Amplitude and Phase boxes, enter the desired values.
Choose the Advanced Settings Tab.

In the Advanced Settings dialog box, choose either Real or Complex in the
Solver box to enter the desired values and press OK.

0 N O O
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By selecting the Advanced Tab in the Single Waveguide Modes window, you will see
the following choices:

Single Waveguide Modes |

Seftings Advanced Settings }

—Solver ———— [ Taolerance
i* Real ©  Complex Real |1e-007 Imaginary | 1e-008

— Calculation————— — Reaion
Step Size 1e-005 Real: From "IJ:IEIEIDEIEH Ta | 329393399
Sample Rate |25 Jum |madginary: From ‘-EI.EIEIEH 0o T|:||EI.EIDEI1 (]

Hecalculateh’ludes‘ at Wwavelength | 1.55

x TE (0] -» [3.2542460] < INPUT MODE

Select Al | Deselect.ﬂxll| Wigw | E:-:purtlnde:-:|

| b rmode: |
hput made Input ampliude: |1

O | TE [0]-» [3.2542460) < IM2UT M Set
‘ (0> 1 ) c Phaze [pi]: n

Ok | Cancel |

« Similar to the Advanced Settings option in Single Fiber Modes, choosing either
the Real or Complex button in the Solver box will determine which variables you
may change.

In the Real option, real solutions will be sought in the interval specified in the Real
From and To fields. The solver will step through this interval in steps of Step Size.

In the Complex option, solutions are sought in a rectangular region of the complex
plane as defined by the From and To fields in both real and imaginary. The Complex
option uses an advanced technique for finding the roots as described in the Technical
Background chapter of the OptiGrating manual.
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2D Preview of the field dialog box

To Access the 2D Preview of the field dialog box:

1 Follow steps 1 to 5 from the “To compute guided modes” procedure in Single
Waveguide Modes dialog box section.

2 Press the view button in the Single Waveguide Modes dialog box.

Note: You can also access this dialog box from Waveguide Coupler Modes dialog
box.

2D Preview of the field |
— Compaonent—
[ Ex
(s Ey
[ Ez
{0 Ha
" Hy
[ Hz

10

— Mezh
100
Apply

20 E=
[

I~
(]
=
i

The Properties of the dialog box options are described below.

Component

Enable one of the component buttons: Ex, Ey, Ez, Hx, Hy, Hz. The enabled field
component will be displayed and exported.

Mesh
Number of points in the transverse cross-section along Y-axis

Apply
Apply the changes made in the dialog box.

Export
Export the modal field. The file format is the field *.f2d of BPM_CAD. The exported 2D

Complex Format:
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2D complex format:
BCF2DCX - File Header

N - Number Of Data Points
W - Mesh Width (um)

Z1 - First Complex Data Point
Z2 - Second Complex Data Point

ZN - Last Complex Data Point

Using Calculation Options

The calculation options are similar to the ones described in the Single Fiber
calculation section.

Waveguide Coupler
File: New > Waveguide Coupler

The Waveguide Coupler Module

You use the Waveguide Coupler Module to model a two slab waveguide with a
grating. The grating can be placed on the interface of layers as surface relief grating,
orin layers as indexmodulated grating.

cladding

Waveguids 1 qrating

——— UL
: [

distance
Hap B

VWaveouide 2

suhstrate

You can simulate the coupling between modes of the two waveguides. There are two
mode options available: TE or TM modes of the waveguide. The Waveguide Coupler
finds applications in waveguide co-directional and contra-directional couplers, direct
and exchange waveguide Bragg reflectors, and in filters.

@ 144



CHAPTER 4: USER GUIDE

The Waveguide Coupler Profile dialog box

In the Waveguide Coupler dialog box, you enter the main data concerning the
waveguide coupler dimensions, index profile, and photosensitive profile.

To open the Waveguide Coupler dialog box

1 File > New.

2 In the New dialog box, click Waveguide Coupler.

3 In the Project window, click the Fiber/Waveguide Parameters button.

4 In the Waveguide Coupler dialog box, you can define the following options:
Waveguide 1

Select Waveguide 1 button to define the profile of waveguide 1. The options for
waveguide 1 are same as Single Waveguide profile (see Single Waveguide Profile
dialog box).

Waveguide 2

Select Waveguide 2 button to define the profile of waveguide 2. The options for
waveguide 2 are same as Single Waveguide profile (see Single Waveguide Profile
dialog box).

Distance
Distance is the width of the common cladding of the coupler.

Note: To make sure the waveguide coupler has common cladding, The last
region of Waveguide 1 (Point A) and the first region of Waveguide 2 (Point B)
should be defined by constant real index profile with Steps equal to 1 with same
index value. The width of the last region and the first region of Waveguide 2 are
not important, as the sum of these widths is replaced by Distance.
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Waveguide Coupler Modes dialog box

After you have finished the data entry in the Waveguide Coupler profile dialog box,
OptiGrating computes two lists of guided modes, which are displayed in the
Waveguide Coupler Modes dialog box. You can select one Waveguide 1 mode and
one Waveguide 2 mode.

The options in the Waveguide Coupler Modes dialog box are similar to the ones in the
Sin-Waveguide Modes dialog box.
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Waveguide Coupler Modes

155

TE|||| > [3.2940032)
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To compute waveguide coupler modes

( ‘, 148

1

2
3
4

File > New.
New > Waveguide Coupler.
In the Project window, click the Fiber/Waveguide parameters button.

In the Waveguide Coupler Profile dialog box, enter the desired values and
click the OK button.

In the Waveguide Coupler Modes Settings tab, select one mode from the
Waveguide 1 Modes list and one mode from the Waveguide 2 Modes list.

In the Waveguide 1 and Waveguide 2 Amplitude boxes, enter the desired
values.

In the Phase boxes for Waveguide 1 and Waveguide 2, enter the desired
values.

Choose either the Waveguide 1 or Waveguide 2 tab, to get the following
options:

Wavequide Coupler Modes x|

Sattings Wavelanides 1 l WavelGuids 2 l

—Salver —————— [~ Tolerance
(* Real [ Complex Real |1e-007 Imaginary | 1e008

—Calculation———————— [~ Region

Step Size Te-005 Real: Fram |1.DDDDDD1 Tn|3.2999999

Sample Flate |25 fum Imaginary: From|-EI.EIEID1 i} Tn|EI.DEID1 i}

Recalculate Modes ‘ atwavelength | 1.55

» TE [0] -» [3.2542460)

Export Index ‘ View Mode Export Index | View Mode ‘
— Input Maode
Set ) |W’av1 TE (0] -» [3 2542460) Set

Input amplitude |1 Input amplitude |0
Phasze [pi] i} Phaze [pi] i}

Ok | Cancel |
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»  Similar to the Advanced Settings option in Single Fiber Modes, choosing either
the Real or Complex button in the Solver box will determine which variables you

may change.

In the Real option, real solutions will be sought in the interval specified in the Real
From and To fields. The solver will step through this interval in steps of Step Size.

In the Complex option, solutions are sought in a rectangular region of the complex
plane as defined by the From and To fields in both real and imaginary. The Complex
option uses an advanced technique for finding the roots as described in the Technical
Background chapter of the OptiGrating manual.

9 Click OK.

Using Calculation Options
The calculation options are similar to the ones described in Single Fiber calculation

section.

Other Waveguide
File: New > Other Waveguide

The Other Waveguide Module

You use the Other Waveguide Module to model general waveguides with a grating. In
this module, the user needs to define the mode properties instead of the waveguide
profile in the other modules. The Other Waveguide module finds application in WDM
add/drop filters, Bragg gratings, Long Period Gratings.

To choose the Other Waveguide module
1 File > New.

2 New > Other Waveguide.

The Mode Properties Dialog Box

In this dialog box, you enter the main data concerning the mode properties of the
waveguide.

To open the mode properties dialog box
1 In the Project window, click the Mode Parameters button.
2 In the Mode Properties dialog box, you can define the following options:
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Mode Properties E3 |

— Input Mode
Eftective Index Real |1.452 Imaginary | [v | Feal
Overlap Integral 0a
Insert | Edit | Delete | Delete Al |
Mode | Eff. Ind Real | Imaginary| Overlap Integral|
Mode 1 14 e 0E
Mode 2 1448 [ aa---- 05
OF. Cancel
Input Mode

Effective Index Real - The real part of the modal index of the input mode
Effective Index Imaginary - The imaginary part of the modal index of the input mode

Overlap Integral - The overlap integral value of the input mode in the grating region.
The Overlap Integral in the Input Mode panel is the overlap integral of the input field
with itself. This quantity is also called Confinement Factor.

Real - Check this box when the effective index is pure real. Otherwise uncheck this
box.

Add

If only the Input Mode panel contains data, then the simulation will be for a single
mode waveguide that has a single transmission and reflection spectrum. If the
waveguide has more than one mode, and the grating causes coupling among the
forward and backward directions in those other modes, the software will need more
data to define the parameters of the additional modes. This button allows you to add
the information about a new mode by adding an item at the end of the mode list.

Insert

This button allows you to insert a new line for mode information before the current
selected line.
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Edit
This button allows you to edit the selected line.

Delete
This button is used to delete a selected line.

Delete All
This button deletes all the items in the mode list.

Mode Name
Name of the mode in the mode list.

Eff. Ind. Real
Real part of the modal index of the mode in the list

Eff. Ind. Imaginary
Imaginary part of the modal index of the mode in the list

Overlap Integral

In the mode list, the Overlap integral (OLI) is the overlap integral value between the
mode in the mode list and the input mode, where the integral is evaluated over the
grating region.

oL = |[ [ Ex, ) Ey(x, y)dxdy
Q

Q is the region in the transverse (x,y) plane occupied by the grating. £, and E,
are the mode field patterns of the input mode and the higher order mode and both are

normalized to unity i.e
o 00

1 = I J‘|E1,2(x,y)|2dxdy

—00—00

Note that the Overlap Integral in the Input Mode panel is the overlap integral of the
input field with itself. This quantity is also called Confinement Factor.

Using Calculation Options

The calculation options are similar to the ones described in Single Fiber calculation
section.
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Open
File: Open

File: New > Module option > File: Open
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The Open command

OptiGrating allows you to open the following files:

IFO

OptiGrating data files (those from IFO_Gratings 1.0, IFO_Gratings 2.0, IFO_Gratings
3.0, and IFO_Gratings 4.0) have an .ifo extension.

WS

All workspace files (see Save Workspace) are saved with this extension. In each
Workspace file, there is also at least one .ifo file. A workspace file has only a link to
an .ifo data file. It does not contain any .ifo data; it contains all the information about
the file you open and the number and the location of the windows. The .ifo data files
are the files containing all the data and without them .iws files are useless.

Note: If you distribute an . iws file, you also need to distribute all .ifo files which
the .iws file uses. If you save an .iws file in the folder the .ifo files use, the .ifo file
names inside the .iws file will be saved without a path.

.TPL

The .tpl files are template files, much like workspace file, but they don’t contain coded
.ifo data files; instead, template files ask you to open any .ifo data file you like.
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To open a file

1 File > Open.

2 In the Open dialog box, choose a type of file from the Files Of Type list box.

3 In the File Name box, write the name of the file you want to open or use the
Browser button to find the file you want to open.

4 Click the Open button.

Save Worksapce

File: New > Module option > File: Save Workspace

The Save Workspace command

OptiGrating allows you to clone views, i.e. to use multiple graph windows. You can set
the size and the position of each window on the screen according to your preferences.
The Save Workspace command allows you to save not only the settings but also all
the information in each window for future use. Therefore, each workspace file
contains at least one .ifo file.

In the Save Workspace dialog box, you have to name the file and save it with an .iws
extension. Then, you may be asked to save changes in your .ifo file. If you haven't
assigned a name to your .ifo file yet, you will be asked to do so.

To save a workspace

1 File > New.

2 In the New dialog box, choose one of the Module options.

3 From the File menu, click Save Workspace.

4 In the Save Workspace dialog box, type the name of the file in the File Name

box.
From the Save As Type list box, choose IFO Workspace (.iws).
Click the Save button.

The Edit Menu

The Edit menu allows you to use one of the following command:

Undo

Reverses one or more of your last commands. You can use Undo only when you are
in Memo mode, i.e. only when you are copying text. (View: New > Memo).
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The View Menu

The View menu can display and hide elements from the user interface (for example,
the Toolbars and the Status Bar).

|T Status Bar

1 Hide Foimn Pane
Toolbar: r
Mew r

Status Bar

When enabled, displays the Status Bar; when disabled, hides the Status Bar. The
Status Bar is placed at the bottom part of the user interface. It gives you different
prompts and tells you where to find help.

Hide Form Pane

When enabled, hides the Input View window. When disabled, displays the Input View
window. To display or hide the Input View window, from the View menu, click the Hide
Form Pane button.

Toolbars

Allows you to display and hide the following toolbars: Graphic, Parameters, Window,
Main. When an option is enabled, the appropriate toolbar is displayed; when an option
is disabled, the toolbar is hidden.

New

Allows you to display and hide eight views which can all be displayed in the Multiple
View window.

Using the commands in the New submenu

The OptiGrating 4.2 Multiple View window consists of several different views.

= Active Wiew

Power Wiew
Phase Yiew
Delay YWiew
Dizperzion Yiew
Profile Wigw
Scan View

b Ernn

3 Multiple lew

B &l views
| npLit Wigw
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Five of the View windows - Power, Phase, Delay, Dispersion, Scan and Profile - offer
graphic views and give you different graphic results. The Input View allows you to
enter calculation options while the Memo View enables you to write some comments
about the graph or project you are working with.

If you “clone” all views listed in the New submenu shown above (View > New), they
will become separate windows instead of being docked in a multiple window. You will
then be able to size and position them in a workspace.

You can also clone the Multiple View window, and you can have more than one of
each window. To clone all views, i.e. to undock them from the Multiple View window,

click the All Views button.

Note: You can also clone an active view, a view you are currently using, by
clicking the Open Active View but on on the toolbar. When you are cloning a view,
the cloned window is not separated from the document. Since all cloned windows
share the same document, if you change your calculation options, all cloned
windows will be redrawn according to your changes.

To use the Input View window as a separate window

1 File > New.

2 In the New dialog box, choose one of the five modules and enter the desired
values in the dialog box.

3 From the View menu, click New, Input View.

4 In the Input View window, enter the desired calculation values.

You will notice that the window's options change according to the type of calculation
performed: Propagation, Spectrum, and Pulse Response.

Single Fiber

Calculation
Fropagation il
Central (] |1-55
From [um] |1.45
To [pr] {155
Stepz 100

Propan. step |'IEIEI
W avelength [wm] |'|.55

Calculate |

Note: You can also open the Input View window in a separate window by clicking
anywhere in this window and pressing the Open Active View button on the

Toolbar.
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The Calculation Menu

The Calculation menu allows you to do your calculations quickly and efficiently.

Wiew | Calculation  Parameters  Tools

[= Run

Scan
Inverse Scattering Solver

Run

To perform your Calculation, Spectrum, and Pulse Response calculations, just click
either Run from the Calculation menu or the Run button on the Toolbar.

In the dialog box that opens, you can see when the calculation is completed.
Scan

To perform your parameter scan calculation.

Inverse Scattering Solver

To solve the inverse scattering problem of Bragg gratings. The method is based on a
layerpeeling algorithm. See the Technical Background chapter of the OptiGrating
manual for details.
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The Scan dialog box

Scan
— 1. Select Grating/Phaze Shift — 2. Select Scan Parameter
Cirating Period
w Length
= |ndex Mod.
Phase 0.50000 Tit Angle
- Index Change
Girating Total Chirp
Feriod = 05338 Length = 50000 Index Mod. = 0.0001 .
Ind.Change = 0.00 Total Chirp = 0.20 T aper's param.= 0.50 Tapers parameter

Usger Wariable 'SCAN'
Fhasze Shift - Phaze
Phasze Shift - Length

3. Scan the Parameter

From  |0.000] To |u.nnus Steps |5c|

Calculate Bandwidth at |3 [v dB
Cancel

Select Grating/Phase Shift
Select either Grating or Phase Shift from the list

Select Scan Parameter
Select a scan parameter from the grating list in this section

Scan the Parameter

From — Initial value of the scan parameter

To — final value of the scan parameter

Steps — Number of the calculation steps in the Scan calculation
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The Inverse Scattering Solver

For detailed information on how to use the Inverse Scattering Solver to solve the
inverse scattering problem, please refer to Lessons 5 -8 in the Tutorial section of the
OptiGrating manual.

Inverse Problem Solver |

— Define Target Spectrum
— v UserDefined

From [um] Ref/Tran Define

To[um]  |1.551 {* Phase
i Delay Define
Steps 1000 =
g -

—  From File

File Marme: | J

Length [um] | 50000 Segments | 1000 Owver Sample |4

— Phase Shift
‘e Li 05
I_:_ Linear o v Auto Causality
i Minirurn
— Filters
Impulze Function Grating Profile

Mo Filker ﬂ [Mefire |N|:| Filker LI [ efine
Start | Cancel |

From
The starting wavelength.

To
The ending wavelength.

Steps
The Steps field indicates the number of divisions used in the specified wavelength
range.
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Ref/Tran Define
Brings up a dialog box for defining the target reflectivity spectrum as seen below:

User Defined Function x|
= =& | [ | e Tl Y oabs e F e a7 | Display steps (500 [zl ¥

BW = 0.0002;

IF x>Lanbdal-BUW/Z2 & H<LswbdalO+EBW/Z THEN

EETUEM 0O.55

EL3E

RETUENM 0.0
0100000 [v Progress
00600000 Dizplay
0.02000:00-3 Fram |1.543
-0.0200000- To [1.591

-0 0600000 z
0100000 T T T T 1 Cancel

154900 1.54940 154580 1.55020 1.55060 1.55100

+ Click on Display to plot the curve shown. The desired impulse response will be
calculated from the Fourier transform of the reflection coefficient.

Dispersion profile Define

Located beside the Phase, Delay, and Disp radio buttons. Defines the target spectrum
for the quantity indicated by the radio buttons.

Length
This is the length of the grating.

From File

Enable this checkbox and define a path to a file which contains a complex reflection
spectrum. The algorithm will try to find a grating that has this spectrum.

Segments

The grating length is divided into this number of segments. Each segment has a
constant coupling coeffiecient

Over Sample

Over Sample is used in the reconstruction ofthe truncated impulse response.
Accuracy is sometimes improved by using finer steps in the spectrum.
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Causality

Clicking on this button will display the impulse response calculated from the spectrum
the user has defined.

Clicking on Causality will show the following screen:

i
o.oools — — 4
L — Z
ooooole — _
w
=z L i
= _
A N |
- ] 0
g _
nopoons ]
- -Z
0_noooo ! ! it
=-50000 [ S0000 100000
Wav=length [um)
Linear Phase Shitt (1R8] Impulze Rezponse Cloze | Cancel |

* Because of causality, any real impulse response must be zero for negative
arguements.

Note: You can experiment with various delays by entering other numbers in the
Linear Phase Shift field, and clicking the Impulse Response to see the result.

Start

Clicking on start begins the reconstruction. A progress bar indicates the progress of
the layer peeling algorithm. When this process finishes, the reconstructed grating
profile is used to generate the spectrum of the new grating. A second progress bar
displays the progress of the calculation of the spectrum

The Parameters Menu

The Parameters menu gives you access to all grating parameters: Fiber/Waveguide,
Mode, Grating, Dispersion.

Fiber/Waveguide

Depending on which module you calculate, the Fiber/Waveguide command gives you
the basic parameters about fiber or waveguide profile, including refractive index
profile, Photosensitivity profile.
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(&) FiberMw aveguide. .
M Made...

[T Grating...
IT Dizpersiar...

Mode
Shows a list of supported modes for entered Fiber/Waveguide Parameters.

Grating

Opens the Grating Manager. In the Grating Manager dialog box, you add gratings,
phase shifts, and change data.

Dispersion
The material and waveguide dispersion are included for the selected calculation.
Grating Manager

File: New > Module option > Parameters: Grating
The Grating Manager

The Grating Manager allows you to define the grating structure as a collection of
gratings.

To open the Grating Manager
1 Parameters > Grating.

Grating Manager E3 |

‘BlErating (2]P.shift | EmyCopy X | T | 4 4 EE | i
1 Grating L =50000 dn/H = 00001 P =05332 ﬂ

2 Phase Shift 5 0.5000
3 [Grating L =50000 dn/H =0.0001 F=05338

Cancel | | k. |

Note: You can also open the Grating Manager dialog box by clicking the Grating

button in the Grating Manager dialog box.
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Working With the Grating Manager

The Grating Manager allows you to perform all of your tasks quickly and effectively by
using the following buttons:

Add Grating or Add Phase Shift

‘2)erating |Z]P.Shift
Those buttons allow you to add an item (a grating or a phase shift) that uses the
default values at the end of the list.

When you click the Grating button in the Grating manager dialog box, and then click
the Edit Item button, the Grating Definition dialog box opens.

When you click the Add Phase Shift button, the Phase Shift dialog box opens, and you
can define the phase shift between the gratings. To do so, enable the Phase button,
click the Edit ltem button to open the Phase Shift box, type a value in the Phase box,
and click the OK button.

Copy Selected Items or Delete Selected Items

Bcops X

Those buttons allow you to copy and delete multiple items from the list.

The copied objects are added at the end of the list and stay selected so that if you
want to copy the same selection of items again, you just have to press the Copy
button. Thus, you can easily create a fiber/waveguide that consists of hundreds of
grating objects. When copying a grating, you have to specify its parameters in the
Grating Definition dialog box.

Use the Delete Selected Items button to delete multiple grating objects, but remember
that there should be always one object left in the list (so that the structure can exist).
Therefore, if you have selected all objects and try to delete all of them, the first one
will always stay.

Undo Copy/Delete

kel

Reverses the last Copy or Delete operation performed.
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Redo Copy/Delete

E

Cancels the last Undo Copy/ Delete operation performed.

Move One Item Up or Move One Item Down

T &

Those buttons allow you to move an item up and down the list. You can move only
one object at a time.

Select All or Deselect All

E E

Those two buttons allow you to select and deselect all objects listed.

Edit Item

Opens the Grating Definition dialog box in which you can set many grating
characteristics.

Setting Options in the Grating Definition Dialog Box

The Grating Definition dialog box opens when you add a new grating to the list in the
Grating Manager or when you edit an existing grating.
To set options in the Grating Definition dialog box

1 From the Parameters menu, click Gratings or click the Edit Item button in the
Grating Manager dialog box.

2 In the Grating Manager dialog box, select a grating object from the list and
click the Edit ltem button to open the Grating Definition dialog box.
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Grating Definition

[ Ginface Gt Grating Shape: | sine

Order

i i i - i - |02
Tit angle [deg] |0 Period Chirp: no chirp J Total Chirp [rirm;

Penod [pm):
0.53352888 [w Auto Lerngth [purm): IW [ Autocarect W Gemsas
Ind. Mod. [0.0001 | Define
shitt [0
Mumber of segments: |257 Cancel | IT'

[refime

SN

1 Ayverage Index: | unifarm - Index Change: |0

1
i

Apodization: | uniform ~| Taper's parameter; |05
Apply H
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In the Order box, type an integer value for the order of the grating.
In the Tilt Angle box, type a value for the tilt angle.

5 From the period list box, choose a grating period that matches the co-
directional or contradirectional coupling condition.

Define the Grating by the following parameters:

Surface Grating. Check this checkbox when you want to define a surface relief
waveguide grating.

Order. Define the order of the grating.
Tilt Angle. Define the tilt angle of the grating (in degrees).
Period. Define the grating period at the center of the grating.

Note: For a given set of modes the program suggests period values that match
the coupling conditions. If you enable the Auto check box, you won't be able to
enter a period value other than the suggested one. To enter your own value of the
period, disable the Auto check box.

Apply. Press this button to re-calculate the default grating periods based on the
entered Order and Tilt angle values.

Grating Shape. The Grating Shape list box allows you to choose one of the following
options for the modulation of the grating shape: Sine, Rectangle, from file, or User
Defined.

Average Index. The Average Index list box allows you to choose one of the following
options: Uniform, Linear, From File, or User Defined.

Period Chirp. The Period Chirp list box, offers you the following options: Linear,
Quadratic, Square Root, Cubic Root, From File, and User Defined.
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Note: Period chirp is defined as a variation of the grating period along the
distance. The total chirp is defined as the difference between the first and the last
grating period.

Apodization. The Apodization list box allows you to use one of the following options
for varying modulation of the grating: Uniform, Gaussian, Hyperbolic Tangent, From
File, and User Defined.

Length. In the Length box, you define the grating's length. Enable the Autocorrect
check box to ensure that the grating has an integer number of full periods.

Ind. Mod. In the Index Modulation box, you define the amplitude of the index
modulation of the grating.

Height. In the Height box, you define the height of the surface relief grating. The
height modulation, measured in microns, is used for surface relief gratings in the
Single Waveguide and Waveguide Coupler modules.

Shift. In the Shift box, you enter the value that shifts the origin of the grating shape
function forward. The shift is measured in grating periods. For example, a value of
0.25 shifts the origin of the shape for a quarter of a period, i.e. the grating's shape

becomes the cosine function.

Number Of Segments. In the Number Of Segments box, you enter the number of
subdivisions for the Transfer Matrix Method. For example, the non-uniform grating
can be divided in 10 uniform segments.

Sensor. Check this check box to define sensor parameters. You enable the Sensors
check box only when you are working with the Single fiber module.

Note: When you choose the From File option, the program invokes a spreadsheet
utility, and you can define the data table or read an external data file.

From File

The From File option exists in four of the list boxes in the Grating Definition dialog box
(in the Grating shape, the Average Index, the Period Chirp, and the Apodization list
boxes).

When you read From File data concerning average index, chirp or apodization (not
the grating shape), the program opens a table in which you can enter your data
manually or load an external file:

To use the From File option to enter data manually

1 Parameters > Grating.

2 In the Grating Manager, select a grating object and click the Edit Item button.

3 In the Gratings Definition box, from the Average Index, the Period Chirp, or
the Apodization list boxes, choose From File.

4 In the Table dialog box, enter the value of chirp or apodization for each grating
segment.
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Note: You can add and remove rows by clicking the Add Row and Remove Last
Row buttons. You can also save your table or open an external file.

To use the From File option to load an external file

1
2
3

Parameters > Grating.
In the Grating Manager, select a grating object and click the Edit Item button.

In the Gratings Definition box, from the Average Index, the Period Chirp, or
the Apodization list boxes, choose From File.

In the Table dialog box, click the open button.

In the Open dialog box, define the file name and the type of file you want to
open and click the Open button.

To use the From File option to load the grating shape from an external file

1
2
3

Parameters > Grating.
In the Grating Manager, select a grating object and click the Edit Item button.

In the Gratings Definition box, from the Grating Shape list boxes, choose
From File.

Press the Define button at the right hand of Grating Shape list.

In the Open dialog box, define the file name and the type of file you want to
open and click the Open button.

The external data file Format

The external data file contains one or two columns of numbers in text format,
separated by a comma or a space.

Two Columns - If the file has two columns, the first column is the position along the
grating length (for Average Index, period chirp, and Apodization) or the position along
a single period (For Grating Shape). The second column is the defined Grating
Shape, Average Index, Period Chirp, or Apodization value.

One Column — In this case, the column is the defined Grating Shape, Average Index,
Period Chirp, or Apodization value. It is assumed that the defined data are uniformly
distributed.
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User Defined

The User Defined option is available in four of the list boxes - Grating Shape, Average
Index, Period Chirp, Apodization - in the Grating Definition dialog box. You can define
functions that determine the shape, chirp, and apodization of the grating. A special
environment provides you with the necessary tools to edit the function.

To choose the User Defined option

1 Parameters > Grating.
2 In the Grating Manager, select a grating object and click the Edit ltem button.
3 In the Gratings Definition dialog box, from the Grating Shape, the Average

Index, the Period Chirp, or the Apodization list boxes, choose User Defined.
Click the Define button.

In the Used Defined Function dialog box, choose the desired options and
click the OK button.

Working With User Defined options

Since User Defined options are very important for your work, you may want to have a
look at the following example:

Let's say that you want to use the User Defined option to define the Apodization
function. Follow step 1 and 2, described in the above procedure, and from the
Apodization list box, choose User Defined to open the User Defined Functions dialog
box. The User Defined Function dialog box is split into two: the editing area and the
display area.

The Editing Area

You define the function in the editing area. For your convenience, the editing area is
a simplified programming editor. To define a function, you type the function formula.
In the formula, you can use numbers, constants, variables, and other functions.
Standard mathematical operators are supported. The program keeps a list of
mathematical constants, design (global) variables, and mathematical functions.

In general, the User Defined function has one independent variable, called x, which
has the following ranges:

From 0 to Grating Period — in the user definition of Grating Shape.
From 0 to Length — in the user definition of Grating Chirp and Apodization.

The x-variable is called the global variable. Other global variables related to the
grating are the Grating Length and Period. You can use them in your function.
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The Display Area

The graph of the function is shown in the display area.

[x

User Defined Function
== ‘ e | Bl 7] ¢ Fifabs e B a7 | Dizplay steps |1EIEI H

5=4
i Here is the function :
tanh[s*[x<fLength]]*[tanh [s*[1-x/Length]]]

L[]

L

™ I+ Progress

[ Dizpl
ara isplay

046
To 50000

T

azs

ok

. 1 L 1 L I
&0 B331.3 LBGES 250000 4333a3 4 1366.Y GODKLD Cancel

e

Working in the Editing Area

Since this example shows you how to use the User Defined option to define the
Apodization function, let's assume that you need the Apodization function
tanh(s*(x/Length))*(tanh(s*(1-x/ Length))), where s = 4. All you have to do is type the
following two lines in the User Function Definition editing area:

s=4

tanh (s* (x/Length) ) * (tanh (s* (1-x/Length)))

Exploring the User Defined Function program editor

As mentioned above, the editing area is a simplified programming editor. You can not
only write your own functions but also test and debug the program. The format of the
language is very close to BASIC. For more information, see the Appendix A.

Using Combo boxes

R
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There are three combo boxes. Each of them contains an icon and a list of options, as
shown in the example on the left.

The icon on the left side of any combo box is for inserting a selected item into the text
(at the cursor position). The list of options in the first combo box contains all constants,
in the second one all functions, and in the last one the actual global variables. Usually
X is a variable that varies in the x direction.

The question marks on the right side of the first and the second combo box will give
you a short help about a constant or a function. (Usually a value in constant and
syntax in function.)

Using the Display Steps box

Dizplay stepz |1 na

You use the Display Steps box for testing. In this box, you type the number of points
you will calculate when you press the Display button in the display area. The number
you type in this box is not the number of points this function will calculate in a real
calculation. To do the calculation, just press the OK button in the display area.

Running the Program and Debugging

The User Defined Function program editor allows you to Debug and Run (Display) the
program.

Run, the "!" button, has exactly the same function as the Display button. It is put on
the Toolbar for convenience.

Debug. You can not only run your program but also debug it. If the function is not
simple, i.e. it may have an IF - THEN structure for example, and gives you bad results,
you can easily debug your program by pressing the Debug button and following the
prompts.

In that case, you will see two new windows. The first one contains the Source Code
and shows you where you are in debugging; the second one contains a list of all
global (system defined) and local (defined by you) variables.

i Print
FLAG =0
w =500
Length = 50000
Period = BER.3341
g=4
RETURM =0

169 ( ‘,



CHAPTER 4: USER GUIDE

Exploring the Display Area

In the display area, you see the actual graph. You can also define the variable range
of x in the From and To boxes.

The From and To boxes

To |50000

Fram IEI—
I—

Since in most cases, the variable values of x in those boxes are real, it is advisable
that you don't change them. Only in Pulse calculation, when the Input Pulse is User
Defined and the Peak is set to 0, you may want to change the From and To range. To
change the range, just click the desired box (if it is disabled, it will be enabled) and
enter your parameters.

The Progress check box

¥ Progress

If you enable the Progress check box, you will be able to see the Progress Bar while
the program is running. To perform this, you have to enable the Progress check box
and press the Display button.

You may want to disable the Progress check box if you are using some output
windows or FOR - NEXT loops that will give you many Progress/Message bars.

The Load and Save buttons

IV Frogress
You can load or save any functions to disk as a separate text so that you can build
your own library of new functions.

Note: After you have explored all the options in the User Defined Function dialog
box, click the OK button to accept the definition and return to the Grating
Definition dialog box. For more information, see the Appendix A.
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The Tools Menu

The Tools menu gives you quick and easy access to the following OptiGrating tools:

Parameters | Tools Settings  Window Help

[ P, .
Group Delay...
Phase: 4
Profile r

Export Curve,..

Export Complex Spectrun, .,
E Wigw Data ...
ﬂl Crossechion Manibor:

Comparison L

Scan Display:

FWHM Tools
Automatically calculates the Full Width At Half Maximum (FWHM) of the current.

Group Delay
Automatically calculates the group delay slope, GDD, and ripple.

Phase

Selects the Phase Display mode when you are working with Phase graphs. You can
toggle between the Circular Phase display and the Cumulative Phase display.

Profile

Selects the mode of the Grating Profile display when you are working with Profile
graphs. You can toggle between the display of Shape, Chirp, and Apodization.

Export Curve

Exports a graph curve into one of the following two formats: Text or BPM_CAD View
2D.

Export Complex Spectrum

Exports complex spectrum data into one of the following three formats: Text,
BPM_CAD view 2D, or Optisys.

View Data
Displays the Data table.

Crossection Monitor
Displays a 2D cut from a 3D Propagation graph.
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Comparison

#r Curve Load. .
Curve Clear

‘Curve load...”: Reads data from a file and plots the data on the current view
‘Curve clear’: Clears the curve created by the ‘Curve Load’ option.

Dizplay Selection

— Dzplay
#f Bandwidth
[ Sidelobe
[ Peak walue
[ Peak position
[] Dizperzion at Central wWawvelength

ak. Cancel

Note: You can also get access to some of the Tools menu by double clicking a
graph with the left mouse button.

FWHM
File: New > Module option > Tools: FWHM

Using the FWHM Command

The FWHM command helps you calculate the Full Width At Half Maximum (FWHM)
characteristics.

To perform a Full Width At Half Maximum calculation

1 Click the graph you are currently working with.
2 From the Tools menu, click FWHM.
3 In the Tools dialog box, enter the desired values, click the Recalculate button,

and then click the OK button.
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Note: The curve to be recalculated is the first visible curve in the graphic window.
If you would like to measure another curve, you have to disable the rest of the
curves by using the color buttons on the Toolbar.

e [ |

The FWHM Tools dialog box

Tools
0 Curves Transmission 1 Range: 1.5499000 - 1.5501 000 Ripple factar 099942459
— Peak
Bandwidth [pm] |7 08E-005 [ fa |05 Position [y 155
Slope L [Liwn] |-S1HZFET B [lfen] |31383.387 Y alue 0000287737
— Sidelobe L
10000

Posiion [um] | 15439654

0.AIE Y alue 0 48236401
0. 15 — Sidelobe B

| I Paosiion [um] | 1.5500345
Valus 0.45233403

0.4m1734

| _ & J
OO T T T T T ]
154580 154201 150988 1A 1.53906 12410

Cloze

FWHM Tools enables you to measure the width, slope, ripple factor, and sidelobes of
a curve. The tools are most useful to characterize curves in the spectral domain;
however, they can also be used to measure curves in the time domain.

Note: The definitions below refer to a typical reflection curve with a central peak
surrounded by sidelobes and ripples. In characterizing a typical transmission
curve with a pronounced main minimum instead of a main peak, one should re-
interpret the definitions accordingly: maximum becomes minimum, etc.

Bandwidth

By default, when the At option is not selected, the bandwidth is defined as the full
width at half maximum (FWHM). In the selected graph region, the vertical offset from
the bottom is excluded from this default measurement. If the At option is selected, the
bandwidth is defined as the full width at the given height.
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Slope

The slope is defined as the first derivative of the curve at a given position. There are
two default horizontal positions for the slope measurement. They are determined by
the cross-section of the curve and the horizontal line used to measure the bandwidth.

Slope L is the slope at the left cross-point.
Slope R is the slope at the right cross-point.

Peak
Peak Position is the horizontal position of the maximum value.
Peak Value is the maximum value of the curve.

Ripple Factor
Ripple Factor is defined by:

-Y..
RippleFactor = ———~
pp Ymax+ Ymin

where Y,,. is the maximum value of the curve, Y,,;, is the minimum value of the
curve in the selected region. The best way to determine the ripple factor is to limit the
selected region to the ripple section only, that is, excluding the main peak.

Sidelobe

Sidelobe is defined as the maximum peak outside the main peak.
Sidelobe L is the left sidelobe

Sidelobe R is the right sidelobe

Sidelobe Position is the horizontal position of the sidelobe maximum
Sidelobe Value is the value of the sidelobe maximum

Group Delay
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The Group Delay tool is used for grating dispersion management.

To open the Group Delay Tool

1 File > New.

2 Select one of the options.

3 Click the Calculate button on the left.

4 Choose Spectrum from the drop-down menu.

5 To activate Group Delay, either the Phase, Delay, Dispersion, or Scan tabs

must be selected.

6 Once a tab is selected, Tools > Group Delay, or select the Group Delay icon
on the task bar beside the FWHM Tool icon.
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Group Delay |
— Scttingz — Roaultz
Spectium Range: Order  |Coefficient Standard Deviation

0 (ps) 402797 0.0533761
F T

fem | 1547 um Te 1554 H 1 (p=ium) 57618 0.0263391
[ Bandwidth Level [dB] |-

b axirurn Fitting arder: 1

Recalculate I Close | Cancel ‘ Ripple: 50038238  ps Export Results

|

Delay [ ps]

150 — 0
- — -20
00 — ]
L 7 =)
B ] =
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(=]
50 1 e
- [
" — -e0 %
= N H
-1 mw
B 4 £
nr— |
r = -a0
1.54 1.55 1.56

Wavelength [m]

Spectrum Range

Set the wavelength delay range in the From and To boxes. This allows for more
freedom when determining where the delay begins and where it ends as indicated by
the vertical black lines. Click Recalculate to see changes

Bandwidth Level

To activate, select box to left of Bandwidth Level. This offers a close approximation of
the beginning and end points of the delay. You may enter different bandwidth levels
in right-hand box to further refine selection. Click Recalculate to see changes.

Maximum Fitting order

To get the most accurate results from the Group Delay tool, use Maximum Fitting
Order to trace the delay itself. By changing this number, you are better able to map its
length. Each step is listed in the Results box, showing both the Coefficients and the
Standard Deviations of the delay. Click Recalculate to see results.
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Export Curve
File: New > Module option > Tools: Export Curve

Using the Export Curve Command

The Export Curve command allows you to export a graph curve into a text format or
a BPM, CAD View 2D format.

To define the Export Curve options

1 Click the graph you are currently working with.
2 From the Tools menu, click Export Curve to open the export Curve dialog box.
3 In the Export Curve dialog box, choose the graph component you want to

export: Transmission 1, Transmission 2, Reflection 1, or Reflection 2.
From the Export Format list box, choose either Text or BPM_CAD View 2D.
Click the Export button.

Note: The Text format is x y.

0.000000e+000 1.000000e+000
8.313872e+001 9.999998e-001
1.662774e+002 9.999993e-001
2.494162e+002 9.999984e-001

The BPM_CAD native format (*.dat) is almost the same as the Text format, but it
contains additional information, such as the number of points (in the example below,
there are 501 points) in header:

BCF2DPC

501

0.000000e+000 1.000000e+000
8.313872e+001 9.999998e-001
1.662774e+002 9.999993e-001
2.494162e+002 9.999984e-001
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File: New > Module option > Tools: Crossection Monitor

Using the Crossection Monitor command

1 Click the graph you are currently working with.
2 From the Calculation list box, choose Propagation.
3 In the graph window, click the 3D tab.
4 From the Tools menu, click Crossection Monitor to open the Crossection
Monitor dialog box.
. Tranemiticn
B3 ::
5 - =
& i r t=mmemem +[pm] [T
i " "
= EE| I“"‘
[1]1] —
1]
Length [pm]
5

Click the 3D graph with the left mouse button and holding down the button
drag the mouse in x direction until you see a cutting line and a cross section
appearing in the graph window.

Note: You can resize the Crossection Monitor dialog box to suit your preferences.

If you click the right mouse button at the cross section of the coordinates displayed in
the Crossection Monitor dialog box, a pop-up menu opens which allows you to use
the Normalize To Maximum command or the Print command.

The Normalize To Maximum command will maximize the Crossection Monitor dialog
box, and you will be able to see the graph in detail.
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The Settings Menu

General...
Cizplay...
Frafile Palette. ..

The Settings menu gives you a fast and easy access to the General and Display
Settings dialog boxes and to the Profile Palette.

General Settings

File: New > Module option > File: Settings > General

Using the General Settings command

The General Settings command allows you to define the general settings you will use
in the selected graph display. It opens the General Settings dialog box in which you
can define the following characteristics: Color, Viewport Border, General Caption, and

Digit Font Size.

General Settings E I

— General caption

* Caption * Caption
Propagation ||-Ef'IEIth [ m] Period |Grating Period [hmu
Spectium |Wavelength [hriwt ] Length |I3rating Length [smu

Ref Ind Changes |Grating Ref Index Height |I3rating Height [rau

— Other
[v Save display data to *IF0 file

Cancel

General Caption
Gives you options for the horizontal X-axis of the graphical display.

Note: You can save the display data to the *.ifo data file if you enable the
appropriate check box.
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To open the General Settings dialog box

1 File > New.

2 In the New dialog box, click one of the five modules.
3 From the Settings menu, click General.

4

In the General Settings dialog box, set your preferences for color, viewport
border, general caption, and digit font size.

5 Click the OK button.

Note: There are numerous symbols supported by the program. They include
Greek symbols, mathematical symbols, and special symbols. To display a
symbol, enter the symbol name preceded by a backslash: \symbol name. For
example, to display the Greek symbol ) , enter \lambda. The backslash affects
only the next symbol name. However, the symbol name must be separated from
the following character by a space. For example, to display um, enter \mu m.

Display
File: New > Module option > Settings: Display

Using the Display Command

The Display command allows you to define the display settings you will use in
OptiGrating. The Display command opens the Display Properties dialog box in which
you have two options: changing the Y caption and changing the title of your

calculations.
Dizplay Properties
Graph ' Caption Title
Commaon IT[aﬂSI‘ﬂitti\-‘il}la"H eflectivi |
Tranzmizzion 1 | Transmizsion Transmizsion
Tranzmizzion 2 |Transmizzion Tranzmizzion
Beflection 1 |Reflection Reflection
Feflection 2 |Reflection Reflection
Mate : ¥ captions are common for all calculations. E
Tou zan change them in General Settings. Cancel |
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To open the Display Properties dialog box

File > New.

In the New dialog box, click one of the five modules.

Click the graph you are working with.

From the Settings menu, click Display.

In the Y Caption boxes, change the Y caption of your calculations.
In the Title box, write a new title for your calculations.

Click the OK button.

N O g~ ODN -

Note: The X captions are common for all calculations. You can change them in
the General Settings dialog box.

Re-sampling 3D Propagation Graphs

To define the properties of a graph in 3D view, you have to open not the Display
Properties dialog box but the 3D Graph Properties dialog box. In this box you can
resample a 3D Propagation graph.

The resampling will speed up your 3D Propagation display, but it won't affect your
calculation. Even if you calculate 500 points in the propagation direction, you will see
that the graph will be re-sampled according to the value specified in the 3D Graph
Properties dialog box.

To define a graph's properties when working in a 3D view

1 Click the graph you are working with and click the 3D tab.
2 From the Settings menu, click Display to open the 3D Graph Properties dialog
box.
i 3D graph properties

Fesample in = direction : Im puir L 11125

Rezample in ' direction : 'from Mesh &' points max

This settings will affect next calculation

Cancel | OF. I

3 In the 3D Graph Properties dialog box, type the number of points for
resampling in the X direction.
4 Click the OK button.

Note: To access the 3D Graph Properties dialog box, you can also click the graph
with the right mouse button and from the pop-up menu select Display Options.
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Profile Palette
File: New > Module option > Settings: Profile Palette

Using the Profile Palette Command

The Profile Palette command becomes available in the Settings menu when you are
working in the Profile or in the 3D Propagation window. You can choose one of the
following predefined palettes: Rainbow, Gray Scale, Red, Green, and Blue.

To open the Palette Selection dialog box

1 In the Project window, click either the Profile tab or the 3D tab.
2 From the Settings menu, click Profile Palette to open the Palette Selection
dialog box.

Palette Selection | x| |

crd N
Coeen [T
| ok, I Cancel | " Blue _-
3 In the Palette Selection dialog box, click one of the five buttons — Rainbow,
Gray Scale, Red, Green, or Blue — to enable it.

4 Click the OK button.

Note: If you are going to print a 3D graph on a black and white printer, it is
advisable that you select the Gray Shade palette option.
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The Window Menu

( ‘, 182

The Window menu allows you to use the following commands: New Active Window,
New Multiple Window, New and Tile, Cascade, Tile, Arrange Icons, and Next.

Mew Active 'Window
3 Mew Multiple ‘Window
[ Mew and Tile

LCazcade

Tile

Arrange lcons
Mext

|7 1 Gratingsz

New Active Window
Clones the window you are currently working with.

New Multiple Window

Clones the window and the project you are working with. This command is very useful
when you want to organize the results of a project as a multigraph display. To achieve
this, multiply the display by cloning and change the display option in each cloned
window.

New and Tile
Creates new window and tiles it.

Cascade

Cascades the existing windows.
Tile

Tiles the existing windows.

Arrange Icons
Arranges icons of existing windows.

Next
Makes the next window active.
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The Help Menu

The Help menu offers a choice of the two options: Help Topics and About OptiGrating.

Help Topics

About IFO_Gratings. ..
System |nfo...

Help Topics
Displays the OptiGrating Help topics.

About OptiGrating
Displays the information about the current version of the program.

System Info
Displays the information of your computer.
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Notes:
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APPENDIX A: SCRIPT LANGUAGE FOR USERDEFINED FUNCTIONS

APPENDIX A: SCRIPT LANGUAGE FOR
USERDEFINED FUNCTIONS

The script language OptiGrating 4.2 uses is a programming language based on the
BASIC language syntax. You use the script language to define the shape, chirp, and
apodization of a grating. To enter this definition, you have to choose the User Defined
option.

Variables, Arrays, and Operators

Variables

Arrays

A variable name can be any string beginning with a character. You cannot use special
characters and operators in the name. Some names are reserved for commands,
predefined constants, and functions. Variable names are case sensitive. For example,
‘a’ is not the same as ‘A’; ‘Pos’ is not the same as ‘pos’ or ‘POS’.

Examples:
Valid variable names: a, pos, lambda, width1
Invalid variable names: *a, _pi, IF, RETURN

Note: Comment lines in the editing area are preceded by the double slash symbol //.

You can use only one-dimensional arrays. You do not have to declare an array before
using it. For the array index, you can use a positive or a negative integer. The usage
format is array_name[index].

Examples:
A[2]

B[-3]
a[x]=x*2

Mathematical Operators

OptiGrating supports the following standard mathematical operators. (listed in
decreasing priority):

A power

* multiplication
/ division

+ addition

- subtraction
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Boolean Operators

OptiGrating supports the following standard Boolean operators.
= equal to

< less than
> more than
& and

| or
Examples:
A=b

A<b

B&c

Cid

Comparison Operators

The Comparison operators can be combined:
a<=b; a<>b; a=>b

Commands and Statements: RETURN, IF, ERROR

All command and statement names must be in upper case letters.

Examples:
IF is a command
If or if can be a variable

The script language has a set of commands and control statements. However, not all
of them are needed to define user shape, chirp, and apodization. Therefore, here is a
list of the commands useful in OptiGrating.

The RETURN Command
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The RETURN keyword terminates execution of the program in which it appears and
returns the control (and the value of expression, if given). Notice that if you don’t
specify RETURN in your program, the interpreter will return the value of expression
in the last logical order. You usually use the RETURN command if your program uses
IF — THEN commands.

Syntax: RETURN[expression]

Example 1:
A program with only one line (you don’t have to specify RETURN)

sin(3)*24+13%(2+6)
returns 107.38688. The same result is obtained from the program:

RETURN sin(3)*24+13*(2+6)
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Example 2:
Consider the program:

cp =100

a = Length-x

IF x<cp THEN
RETURN x

ELSE
RETURN a

The above program returns x if x is less than 100. Otherwise, it returns Length-x if x
is larger or equal than 100.

Example 3:
Let’'s modify the previous example, Example 2, as follows:

cp =100
a = Length-x
IF x<cp THEN
b =x
ELSE
b=a
RETURN b

This example gives the same result as Example 2. The difference is that another
variable b is used instead of returning the value of a directly.

The IF Statement

The IF statement controls conditional branching. The body of an IF statement is
executed if the value of the expression is nonzero. The syntax for the IF statement
has two forms.

Syntax1: IF expression THEN statement
Syntax2: IF expression THEN statement ELSE statement

In both forms of the IF statement, the expressions, which can have any value, are
evaluated, including all side effects.

In the first form of the syntax, if expression is nonzero (true), the statement is
executed. If expression is false, statement is ignored. In the second form of syntax,
which uses ELSE, the second statement is executed if expression is false. With both
forms, control then passes from the IF statement to the next statement in the program.

Examples:
The following are examples of the IF statement:

IFi>0 THENy=x/i ELSEx =i
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In this example, the statement y = x/i is executed if i is greater than 0. If i is less than
or equal to 0, i is assigned to x.

For nesting IF statements and ELSE clauses, use BEGIN — END to group the
statements and clauses into compound statements that clarify your intent. If no
BEGIN - END are present, the interpreter resolves ambiguities by associating each
ELSE with the closest IF that lacks an ELSE.

IFi>0THEN I/ Without BEGIN - END
IF j>iTHEN
X=]
ELSE
X=i

The ELSE clause is associated with the inner IF statement in this example. Ifi is less
than or equal to 0, no value is assigned to x.

IFi>0THEN
BEGIN I* With BEGIN - END */

IF j>i THEN

X=]

END
ELSE

X =i
The BEGIN - END enclosing the inner IF statement in this example makes the ELSE
clause part of the outer IF statement. If i is less than or equal to 0, i is assigned to x.

The ERROR Keyword
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The ERROR keyword stands for a constant and returns the error code (if any). In case
of a mathematical error, like division by zero or overflow, it will reset the error flag.

The constant returns the error code (if any) and in cases of mathematical errors
(division by zero, overflow, etc.) resets the error flag. This allows you to detect any
unexpected errors during calculation. The best example is to use the ERROR
command in the IF-THEN-ELSE statement.

Example 1:
The following one-line program

Length /x

This occurs because initially x has been set to 0.

Example 2:
Consider the program:
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b=Length/x

IF ERROR THEN
b=100;

RETURN b

Now, whenever we have a mathematical error, b is set to 100 and the program will
continue without the error message.

ERROR is a constant, and you cannot assign any other value to it.

The FIRSTTIME Keyword
Flag — indicates FIRST time internal run.
Example:
S =7

IF FIRSTTIME THEN
RETURN 100

RETURN x*s

Input dialog box

This dialog will appear if you use INPUT or GINPUT in User Defined Functions.
Syntax:

INPUT variable
INPUT “string” variable
INPUT “string” variable = init value

GINPUT variable=init value
GINPUT “string” variable = init value

Example INPUT

Usage of INPUT is limited. Because in OptiGrating you use user defined functions
usually in a loop, INPUT will ask you to input data every time you repeat the loop
(usually more than 100 times). To avoid this and to avoid redundant programming (IF
FIRSTTIME THEN ...), use the function GINPUT (general input), which will ask you
for input data only the first time you enter the loop.

INPUT variable
INPUT “string” variable
INPUT “string” variable = init value
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Example:
b=1
MAX = 8

INPUT “Factorial of:” MAX
You will get the same effect if you use:

b=1
INPUT “Factorial of:” MAX =8

You will be asked to type a value in the Factorial Of box in the Input window.

Factonal aof:
E

Note: The initialization of MAX before INPUT is not necessary. If you delete the
line MAX = 8, the default value in the Input box will be 0.

Example GINPUT

( ‘, 190

GINPUT variable=init value
GINPUT “string” variable = init value

(general input)

Displays an Input window on the screen. (The text is optional.)
If the whole program (User Defined Function) is running more than once in the logical
(internal) block, GINPUT will ask you to enter data only the first time the program runs.

Example:
In OptiGrating, you will use the Apodization function :

s=4
tanh(s*(x/Length))*(tanh (s*(1-x/Length)))

Because each grating length is divided into a number of steps (let’'s say 25), this
function will be called more than once per grating (25 times).

Note: Variable x will vary in each step: x(actual) = x(previous) + Length/25

18]

In the Apodization function, you have one parameter “s” for changing the shape of the
apodization function. If you want to test different shapes, you will need to change the
value for each calculation. Instead of going through all dialog boxes and buttons to
reach the User Function dialog box, whenever you want to change “s”, you can use
the GINPUT function:



GINPUT “Input Shape parameter” s=4
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tanh(s*(x/Length))*(tanh (s*(1-x/Length)))

You will be asked to input different “s” values each time you press the Calculation
button. Thus, you will be able to try different apodization shapes very quickly and

easily.

Constants

Mathematical Constants

pi 3.14159265358979323846
e 2.71828182845904523536

Physical Constants

2.9979¢8
8.8542e-12
4*pi*10e-7
1.60219e-19
9.1095e-31
1.660531e-27
1.672614e-27
1.674920e-27
1.60219e-19
6.626e-34
1.05459 e-34
2.4263096e-12
13.6058
1.09737312e7
25.853
6.022045e23
9.648 6e4
7.297351e-3
5.2917715e-11
2.817939%e-15
9.274096e-24
1.3807e-23
5.66961e-8

m
eV
1/m
meV

C/mol
Fine
m

m

JIT
JIK

Speed of light in free space
Permittivity in free space
Permeability in free space
Elementary charge

Free electron mass
Atomic mass unit

Proton rest mass

Neutron rest mass
Energy unit (electron-volt)
Planck constant

Reduced Planck Constant

Compton wavelength of electron

Ryberg energy
Rydberg constant
Thermal energy
Avogadro number
Faraday constant
structure constant
Bohr radius
Electron radius
Bohr magnetron
Boltzmann constant
Stefan-Boltzmann constant
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Functions

Commonly Used Functions

sin(radian) sine
asin({0..1) radian
sinh(x) hyperbolic sine of x

cos(radian) {0..1}

acos({0..1}) radian

cosh(x) hyperbolic cosine of x
tan(radian) {0..inf}

atan({0..1}) radian

exp(x) ex

In(x) log in base e

log(x) log in base 10
deg(rad) radians into degrees
rad(deg) degrees into radians
fact(x) x factorial (x!)
sqrt(x) square root of x
pow(x,n) xAn

Other Functions

min(a,b) =a if a<b else b
max(a,b) =a if a>b else b

Pgtrl?r%(r& k)= number of combinations for k object , n - total number of objects (n>=m),

if error

perm(m, n) =permutation mPn (0 if error)

gcd(a, b) = Greatest Common Divisor between a & b

Icm(a, b) = Largest Common Multiple between a & b

frc(x) = fractional part of 'x'

int(x) = integer part of 'x'

ga%%g(,y) Computes angle from Cartesian position (x,y), angle defined positive if y

negative ify <0
randrand(MaxNum) => Randomize {0..MaxNum}

Fresnel Integral
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fresnel_s(x) = Fresnel Integral SIN
fresnel_c(x) = Fresnel Integral COS

Evaluates the Fresnel integrals
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S(x) = }sin(gtz) dt

0

X

C(x) = jcos (g tz) dt

0

fresnel_ffresnel_f(x) = function f(x) related to the Fresnel Integral
fresnel_g(x) = function g(x) related to the Fresnel Integral

Evaluates the functions f(x) and g(x) related to the Fresnel integrals by means of the
formulae

f(x) = {1/2-8(x)}cos(nx?/2)—{1/2—-C(x)}sin(nx?/2)

g(x) = {1/2-C(x)}cos(mx?/2)-{1/2—S(x)}sin(mx?/2)

Gamma Functions

Computes the value of the gamma function at x

gamma(x)Gamma Function
Igamma(x)Natural logarithm of Gamma Function, x - must be positive

Error Function

erf(x)Error Function
erfc(x) Complementary Error Function"},
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o0
I'x) = Itx— le-tdt

0

Computes the error function erf(x) and Complementary error function erfc(x)

0 X
erf(x) = %J‘e‘fzdt erf(x) = %Je—fzdt

When x>26 then erf(x)=1 and erfc(x)=0
When x< -5.5 then erf(x)=-1 and erfc(x)=2;

nexperfcNon exp erfc computes €xp (x2) ™ erfe(x)

0.9)

x2

2% j e dt
T

X

ie. nexperfc(x) =

Inverse error function y(x)
inverf(x,minx)

Evaluates the inverse error function y(x) where

y(x)
2
X = — I e dt
T

N

0
X - it is necessary that -1 <x < 1
if [x| > 0.8 then value of x is not used in the procedure

minx  if |x| <= 0.8 then value minx is not used in the procedure

if [x|> 0.8 then minx has to contain the value of 1-|x|.
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In the case that |x| is in the neighborhood of 1, cancellation of digits take place in the
calculation of 1-|x|

If the value 1-|x| is known exactly from another source, then minx has to contain this
value, which will give better results.
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Bessel Functions

Bessel function J

bessj0(x) - Bessel function JO(x) of the 1st kind of order 0

bessj1(x) - Bessel function J1(x) of the 1st kind of order 1

bess;j [K] (x) - Bessel function Jk(x) of the 1st kind in order k
Bessel function Y (Weber's function )

bessy0(x) - Bessel function YO(x) of the 2nd kind of order 0

bessy0(x) - Bessel function Y1(x) of the 2nd kind of order 1

bessy [K] (x) - Bessel function Yk(x) of the 2nd kind of order k
Modified Bessel function |

bessiO(x) - Modified Bessel function 10(x) of the 1st kind of order 0
bessi1(x) - Modified Bessel function 11(x) of the 1st kind of order 1
bessi [k] (x) - Modified Bessel function Ik(x) of the 1st kind of order k

Modified Bessel function K

bessk1(x) - Mod. Bessel function KO(x) of the third kind of order 0
bessk1(x) - Mod. Bessel function K1(x) of the third kind of order 1
bessk [K] (x) - Mod. Bessel function Kk(x) of the third kind of order k

Spherical Bessel functions

spbessij[k](x) => Spherical Bessel funct. Jk+0.5(x)

Bessel function of the second kind (Neumann's functions)
neumann(a,x) - Neumann function Ya(x) of the 2nd kind of order a
neumann1(a,x) - Neumann function Ya+1(x) of the 2nd kind of order a

Chebyshev Polynomials

chepol(n,x) - Computes the value of the Chebyshev polynomial Tn(x)
Toy(x) = 1, Ti(x) = x
T(x) =2xT;, ,(x),i =2,...n
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Conversions
Length
ft m ft_m(foot) Foot to meter
yd_m yd_m(yard) Yard to meter
in_m in_m(inch) Inches to meter
Temperature

c k c_k(celsius) Celsius to Kelvin
fh_k  fh_k(farenheit) Farenheit to Kelvin
fh_c  fh_c(farenheit) Farenheit to Celsius
k c k_c(kelvin) Kelvin to Celsius

c fh  c_fh(celsius) Celsius to Farenheit
k fh  k_fh(kelvin) Kelvin to Farenheit

Other Conversions

gal_| gal_l(gallon) Gallon to liter

pt_| pt_I(pint) Pint to liter

oz | oz_l(oz) Oz to liter

in3_l  in3_I(cublnc) Cubic Inch to liter
L m3 |_m3(liter) Liter to cubic meter
pd_kg pd_kg(pound) Pound to kilogram

phe phe(wavelength[um])  Calculate Photon energy [eV]
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APPENDIX B: View Properties of 2D Graphics

When a View is displayed, it is in the form of a two-dimensional graph, and there are
a certain number of properties that can be modified for this graph. Right-clicking
anywhere on this Graph View will make a context menu appear with options that can
be performed on the Graph View. These options include Zoom In and Zoom Out,
Trace Curve, Print, Copy Bitmap, Curve Properties, Axis Properties, Grid Properties,
Graph Properties, and Labels.

Zoom |n

Zoom Qut
Trace Curve...
T able of Paoints...

Print
Copy Bitmap

Axiz Properties. .

Gnd Properties...
Graph Prooerties...
Labels »

Zoom In

The Zoom In option zooms into the graph by dragging a rectangle around the graph,
and displays zoomed in values on both axes.

Zoom Out

Zoom Out returns the graph to default scale (no zoom at all).

Trace Curve

Trace Curve offers the unique option of tracing a particular curve on this View. When
selected, a Select Trace Curve dialog box offering a list of all of the curves on the View
appears.
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Select Traced Curve |

Reflection 1
Reflection 2

Cancel

The user selects a curve. The selected curve is being inspected. Moving the cursor
moves the crosshair that traces along the selected curve and the window displayed
on top of the View will show the X and Y values. This is useful when observing exact
values at particular wavelengths or at particular X values, as opposed to just viewing
the graph.

= |Wavelength [smw m] Ih 543965+ 000

' | Tranzrmittivitpd R eflectivity |?.E?29?5&-DD1
& Power 1 ﬂ
B T B L A , C
B> | From  [um] [1.5439 5 80E-1
Ta [um] 1 5507 = L
Steps 1000 B BO0E-1 [
""-\\\ -
Fropag, step 100 3\ C
Wavelength [um] | 1.55 g A OE—1 :_
-l
R
; 20E-1 |
o A
o L
= om0 b /\/\ /\/\
OVOEUU [ L //\\ | TR L 1 L L | f/.\ f
1.54350 154984 1. G5 HH} 1.25005 1.546010
Wavelength [gem]
Power £ Phaze » Delay » Dizpersion , Frofle » o0 3 Scan x Memo

From the drop-down box, any other curve in this View can be selected and the
crosshair will continue by tracing that particular curve. Selecting the Trace Curve
feature again will disable this feature.
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Table of Points

This option will show a window, which can be used to view the data points of the
curves in the graph.

Data Points Display
Select Curve: I curvel j
Farmat: I Exponential | ¥ I

pdate Fnrmatl
Digits: IE

Width [Smu ] | Field | =
0.000000+000 2. 000000 e-+000

1.260000e-001 2124675e+000 -
2. 500000e-001 2.247404e+000

3. 750000e-001 2 36627 3e+000

5. 000000e-001 2.479426e+000

£, 250000e-001 2585097 e+000

7.500000e-001 2 B81639e+000

8. 750000e-001 2 767544 e+000

1.000000e+000 2 841471 e+000

1.125000e+000 2. 902268e+000

1.250000e+000 2948985e+000

1.375000e+000 2.980893e+000

1.500000e+000 2 997495e+000

1.625000e+000 2998537 e+000

1.750000e+000 2 983986 e+000

1.875000e+000 2.954086e+000

2.000000e+000 2909297 e+000

2 125000000 2 cezte-00 5

Ewport Test |

From the drop down menu, any curve in the view can be selected. The data points of
the curve will be displayed in the table. The display format options can be changed by
choosing the new display format, and/or by changing the number of digits, and then
pressing the Update Format button. The data points of the currently displayed curve
can also be saved into a text file, by pressing the Export Text button. This will open
the Save dialog box, which will ask for the location to save the file.

Copy Bitmap

Print
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The option called Copy Bitmap allows copying the graph as a bitmap to the clipboard
and pasting it to any bitmap drawing program for further editing.

Any graph in the system can be printed by right-clicking and selecting Print, which
creates a full-page printout of this graph.
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Curve Properties

Another option from this menu is Curve Properties. Curve Properties offers a list of
curves where the curve color, line style, thickness, and the type of graph points that it
will draw can be modified. If too many curves are displayed at the same time, curves
can also be set to invisible (and not show up on the graph) to reduce the clutter.

Curves Properties

curve?

Cancel |

— Properties

[¥ Wisibl
Colr I -| T Heb |

Mumber of Points:

Ling Style . — .-
¥ i 193

Graph Faint INune "'I
Line Thickness |1 'l
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Axis Properties

( ‘, 202

The next option from the menu is Axis Properties. All the active axes are offered as
choices for property modification.

B ottom = axis I Left'y amiz I

timirmum W alue 1500

t airnurn Y alue I'IEDD

tajor Ticks |2|j
tinor Ticks |4

—LABELS
Help |
Mumber Farmat I Floating "]
Mumber of Digits |2
e [ Show in dB
Orientation Parallel r
[ Logarithmic
—CAPTIONS ¥ Auto scale
Test IWaveIength [rm)
Drientation Parallel i
Scale Factar |1 MI

0k I Cancel | Lpply

It supports three number formats: floating, exponent and power.

Other parameters for graphs include the number of digits displayed and orientation
with respect to the axes. Modification of the axis captions, orientation, as well as the
size of the axis (Scale Factor) can be done, as well as the entering of particular
mathematical symbols within the caption by choosing the Symbols button in the
bottom right corner.

On the right-hand side, the Auto Scale option automatically scales the axes to the
graph, as well as the Logarithmic option for logarithmic display of data. The same
options are offered for all the axes.
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Grid Properties

Grid View Properties supports editing of horizontal and vertical grids. In all grid
options, the user can decide whether the grid is visible, where the grids should be
positioned (on major or minor tickmarks), the color of the grid, and the line style of the
grid.

Battor > axiz grid I Left* axis grid I

Grid on:
" Major Tickmarks

& Minor Tickmarks

oo ]
Line Style I— v|

()4 I Cancel | Spply

Graph Properties

The properties of the graph can be edited in the Graph Properties option. The Title
box offers the option of editing the caption (title) of a Graph, as well as the position,
size, and scale factor.

Graph Properhies

~ Title
Cancel |
# position 500 Help |
Y pozition 950
Scale Factor |1 Symbals |
 Colors
Az Color I_ vl
Background Colar I ,I

The Colors option allows for the selection of the colors of the axes and the

background.
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Labels

Labels in the Graph View can be added by choosing the Label, Add option, and typing
itin. Once created, the label can be moved around the graph, using the click and drag
technique, in order to label any part of the graph. The labels can also be resized by
dragging the corners of a label.
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Notes:
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