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Introduction

© MM Fiber Parameter Extractor - MM Fiber Parameter Extractorl (=] 1)
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A MM Fiber Parameter Extracto
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The Multimode (MM) Fiber Parameter Extractor is a software tool that enables
accurate parameter extraction of multimode fibers, such as 50/125 m and 62.5/125 m
silica fibers. MM Fiber Parameter Extractor capabilities are derived from Optiwave’s
award-winning optical fiber design software OptiFiber. OptiFiber employs meshless
mode solver for LP modes. These advanced mode solvers are especially useful for
multimode fiber calculations, where there are many modes in the spectrum.

MM Fiber Parameter Extractor generates a library of spatial modes for a fiber with an
user defined refractive index profile. The library consists of a list of files that contains
the spatial mode shapes and propagation attributes, such as effective index and
modal delays, over a range of wavelengths. OptiSPICE fiber model uses this library
to simulate the attributes of the multimode fiber.

Figure1 MM Fiber Parameter Extractor GUI
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INTRODUCTION

Main features

The main features of the MM Fiber Parameter Extractor include:

Feature Description

Graphical user interface A comprehensive Graphical User Interface (GUI) controls
the fiber input parameters, output results, presentation
graphics and post-processing.

Numerical engine Accurate parameter extraction of multimode fibers using
meshless mode solver for LP modes. Meshing introduces
finite difference errors of a certain level, and fields weaker
than the differencing error cannot be calculated. The
meshless mode solvers, on the other hand, have the correct
asymptotic behavior far from the fiber, and can calculate
fields of magnitude 10-15 or less.

Visualization capabilities = Powerful & intuitive result management allows users to
graph almost any set of results available in design. Results
are grouped into resizable, moveable views that supports
text, tables, 2D and 3D graphs.

Post-Processing A waveform calculators that uses standard Microsoft
VBScript allows for unparalleled capability and flexibility to
analyze simulation results.



MM Fiber Parameter Extractor GUI

When you open the MM Fiber Parameter Extractor, the application looks like Figure 1.

Figure 1 MM Fiber Parameter Extractor graphical user interface (GUI)
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MM FIBER PARAMETER EXTRACTOR GUI

Main parts of the GUI

The MM Fiber Parameter Extractor GUI contains the following main windows:
* Project Browser
+ Parameters tab
e Output tab
* Post-processing tab
+  Views tab
« Calculator
»  Calculation Output
*+  Views
« Status bar
*  Menu bar

Project Browser

Project browser allows the user to organize the project to achieve results more
efficiently, and navigate through the current project. Access parameters, results and
views.(see Figure 2).

Figure 2 Project browser (Parameters tab)

_iBix
Name |‘u’al|.|e
EHE) Pammeters

B3 Fiber profile

- B (Generate librany FALSE
- @& Library file name library dat
- B Fibertype Parabolic
- B OptiFiber file format FALSE
- B Fiber profile fiber.dat
- B Core radius 25 [um]
- @ Clad radius 10 [um]
- @ Refractive index peak  1.4142
- B Refractive index step 1[%]

-~ @ Number of radial steps 1000
B3 Mumerical

- B  Mode solvertolerance  10e-015

- B Madmum azimuthal in... 20

- B Madmum radial index 10

- B Space width 50 [um]

o @ Wumber of mesh points 100
EI@ Sweep

e |B Wavelength 820... [nm]

Parameters | Output | Post-processing | Views |




Parameters tab

MM FIBER PARAMETER EXTRACTOR GUI

Lists the properties of the current project. Users can access the parameter editor by
double-clicking on any parameter in the list.

Output tab

Displays the results of the calculation (see Figure 3). User can drag-and-drop results
into views or simply double-click on any result in order to launch the default view for

a given result.

Figure 3 Project browser (Output tab)

B
£
£
£
£
£
£
£
£
E
£
o

2 Modal delay
#, LP[0.3]- Amplitude
L%, LP[0.3)- Phase
13 LP[D.4]

H-£3) LP[D.5]

153 LP[1.1]

w3 LP[1.2]

-3 LP[1.3]

f-£3) LP[1.4]

13 LP[1.5]

73 LP[2.1]

b3 LP[2.2]

b3 LP[2.3]

-3 LP[2.4]

.52 | P12 11

4.717321422036945 [ps/km]

=
Mame |Va|ue |-
=5 Outout
> 1o, Refractive index profile Size: 1000
Blﬁ Sweep lterations
-3 terstion 1
.- ) heration 2
I Wavelength 1550 [nm]
Elli'l Modes
B-£3 LP[D.1]
B3 LP[D.2] |
|:—:|1;“| LPID.3]
i@ Effective index 1.407205250245395

Parameters | Output | Post-processing | Views |




MM FIBER PARAMETER EXTRACTOR GUI

Post-processing tab

Displays the post-processed results from the calculator (see Figure 4). User can drag-
and-drop post-processed results into views or simply double-click on any post-
processed result in order to launch the default view.

Figure 4 Project browser (Post-processing tab)
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Views tab
Post-processing tab
Displays a list of views that represent active windows containing and displaying

results (see Figure 5).

Figure 5 Project browser (Views tab)
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MM FIBER PARAMETER EXTRACTOR GUI

Parameter Editor

Double clicking on any parameter in the Project Browser brings the Parameter Editor
(see Figure 6). The Parameter Editor allows you to view the list of global parameters
of the active project.

Note: Please refer to the Technical Background for the description of the parameters listed
in the editor.

Figure 6 Parameter Editor control
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Calculation Output

Information regarding the progress of the calculation is displayed in the Calculation
output (see Figure 7).

Figure 7 Calculation output
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MM FIBER PARAMETER EXTRACTOR GUI

@ MM Fiber Parameter Extra B =] ES M ® 111 Fiber Parameter Extractorl:3 - 0] x|
E Dbl Click On Objects to open properties. Move Objects with Mouse Drag E

Views

Views are windows that contain results from calculation or post-processing (see
Figure 8). They display 2D and 3D graphs, tables and text. A user can create an
empty view by clicking in one of the toolbar buttons such as Create 2D Graph View,
Create 3D Graph View, Create Grid View or Create Text View. Alternatively, by
double-clicking on a result a view will be automatically created or by selecting a result
and clicking on the context menu (right-click) and selecting View.

Figure 8 Multiple views
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MM FIBER PARAMETER EXTRACTOR GUI

Calculator

The Calculator control allows you to operate on the output results to create new
results and graphs. By selecting one or more results or 2D graphs the user can select
the Calculator on the context menu (right-click). In order to create new results the user
provides a script (Microsoft VBScript Language) that operates on the available
variables - the output results MUST be provided to the Y variable.

Figure 9 Calculator
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Status bar

Displays useful hints about using the MM Fiber Parameter Extractor, the time and
progress of the calculation (see Figure 10).

Figure 10 Status bar
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MM FIBER PARAMETER EXTRACTOR GUI

Menu bar

Contains the menus that are available in the MM Fiber Parameter Extractor (see
Figure 11). Many of these menu items are also available as buttons on the toolbars
or from other lists.

Figure 11 Menu bar
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Menus and buttons

Calculate, pause or stop the project calculation.

This section describes the menus and buttons available in the MM Fiber Parameter

Extractor.
File menu
File menu item Toolbar Description
button
Create a new project.
New (Ctrl+N) [ )
Open an existing project. Select the project from the Open dialog box.
Open (Ctrl+0) = 9 prol ) 9
Close Close the active (current) project. You are prompted to save changes.
Save the active (current) project under the current name in the default location.
Save (Ctrl+S) =
Save the active (current) project with a different name and in a location that you
Save As
select.
Print the active (current) project.
Print (Ctrl+P) = (current) pro
Print Setup Set up the printer, page size, orientation, and other printing options.

(‘, 10




MM FIBER PARAMETER EXTRACTOR GUI

File menu item Toolbar Description

button

Print Preview Preview the active (current) project.

Calculate the active (current) project.
Calculate (Ctrl+F5) b

Recent files List the most recent files that you worked on.
Exit Exit the application. You are prompted to save changes to the project.
Edit menu

Edit menu item Toolbar Description

button

Undo the last change made in the active (current) layout. You can undo all actions
Undo (Ctrl+Z) . until the last saved operation.

Remove all selected objects and place them on the clipboard.
Cut (Ctrl+X) 3

3 Copy selected objects to the clipboard. The selected objects remain in the active

Copy (Ctrl+C) project.

Copy objects from the clipboard and paste them in a user-defined location—the
Paste (Ctrl+V) i same layout, a new subsystem, or a new layout.

View menuWindow menu

View menu item Toolbar Description

button
Toolbars
Standard Select to display the Standard toolbar.
Calculation Select to display the Calculation toolbar.
Status Bar Select to display the Status Bar.
Window menu Toolbar Description
item button
Cascade Arranges all open views in a cascading format.
Tile Arranges all open views in a tile format.
Arrange icons Lines up minimized views at the bottom of the application.




MM FIBER PARAMETER EXTRACTOR GUI

Help menu
Help menu item Description
About MM Fiber Parameter Provides information about Optiwave Corporation—mailing address, telephone and
Extractor fax numbers, E-mail address, and URL.




Quick Start

This section describes how to run a project, edit parameters, and obtain results.
Starting MM Fiber Parameter Extractor
To start MM Fiber Parameter Extractor, perform the following action.

Action

* From the Start menu, select Programs > Optiwave Software> OptiSPICE

1> MM Fiber Parameter Extractor.

MM Fiber Parameter Extractor loads and the graphical user interface appears

(see Figure 1).

Figure 1 MM Fiber Parameter Extractor graphical user interface (GUI)
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QUICK START

Viewing and editing parameters
To view and edit the project parameters perform the following action.

Action

* Inthe Project Browser, double-click on any parameter in the Parameters tab
to view and edit the parameters for the project.

The Parameter Editor (see Figure 2) dialog box appears.

Figure 2 Parameter Editor
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QUICK START

Parameters are organized by categories. MM Fiber Parameter Extractor has three
categories, each represented by a tab in the dialog box:

»  Fiber profile
*  Numerical
+ Sweep

Each category has a set of parameters. Parameters have the following properties:

«  Name
*  Value
 Unit

The first category is Fiber profile. By default, MM Fiber Parameter Extractor will use
a Parabolic profile for the fiber, Core radius of 25 um and Clad radius of 20 um. The
third category is Sweep, parameter Wavelength defines the range of wavelengths for
the calculation (see Figure 3). For a detailed description of each parameter please
refer to Technical Background.

Figure 3 Parameter sweep: Wavelength.
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QUICK START

Parameter settings to create a fiber library for OptiSPICE

To create a fiber library for OptiSPICE perform the following actions.

Step

1

E Parameter Editor

Action

In the Project Browser, double-click on any parameter in the Parameters tab
to view and edit the parameters for the project.

The Parameter Editor (see Figure 2) dialog box appears.
Enable parameter Generate library.

Provide the Library file name parameter - this is the file destination and the
root name for the library and list of files generated by the MM Fiber Parameter
Extractor (see Figure 4).

Figure 4 Settings to create a fiber library.
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QUICK START

Running a simulation

To run a simulation and create a library file for OptiSPICE, perform the following
procedure.

Step Action
1 In the Calculation toolbar, click on ‘Play’ (see Figure 6).
The Calculations starts (see Figure 6).

Figure 5 Calculation toolbar

Calculationl=|
ﬂ-u

Figure 6 Calculation Output

+ | Creating XML document [0 %]
Document successfully created... [0 %]
—|Wavelength: 820 nm [0 %

velength: 1550 nm [50 %)

Time: 00:00:02 50% (HRNRERENEEN 4

At the end of the calculation the output tab will contain the results of the simulation.



QUICK START

Visualizing results
To view the results from the calculation, perform the following action.

Action

1 In the Project Browser, click on the Output tab to view the results for the
project (see Figure 7)
The list of results for each sweep (wavelength) includes single values
(Effective index and Modal delay), 2D Graphs (Refractive index profile) and
3D Graphs (spatial mode Amplitude and Phase)

2 Double-click on Refractive index profile result.
The 2D Graph view appears (see Figure 8).

Figure 7 Output results
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QUICK START

Figure 8 Refractive index profile

0 10 20 30
Radius (m)

The number of files generated by the MM Fiber Parameter Extractor depends on the
number of sweep iteration of the parameter Wavelength. For this example, there are
two wavelengths (820 and 1550 nm) and the Library file name parameter is
“Library.dat”.

The contents of Library.dat are depicted in Figure 9. Library.dat contains the list of
wavelengths and the additional files generated after the calculation. ‘M’ files are files
that contain a list of spatial modes, and ‘D’ files are files that contain the list of effective
indexes and group delays for each spatial mode. The partial contents of
library_0000M.dat and library_0000D.dat are depicted in Figure 10 and Figure 11
respectively.

The format of the ‘M’ file is the following: for each spatial mode a unique file ID is
provided, the current mode index, the number of modes in the file, the number of
mesh point in the X and Y dimensions and the spatial width of the X and Y dimensions.

The format of the ‘D’ file is the following: for each line the mode index is provided, the
number of modes in the file, the radial and azimuthal index of the mode, the effective
index and the modal delay.

19 (‘,



QUICK START

Figure 9 Contents of the file generated by the MM Fiber Parameter Extractor.
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Figure 10 List of effective indexes and delays for the first wavelength generated by the MM Fiber Parameter
Extractor.
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Figure 11 List of spatial modes for the first wavelength generated by the MM Fiber Parameter Extractor.
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536359271638462e-009 0 1.771677157220061e-009 0 2.013526950667386e-009 0 2.255005285770596e-009 0 2.488271614274944e-009 0
704941370348928e-009 0 2.896575040823768e-009 0 3.055223583372042e-009 0 3.17398322703475e-009 0 2.247503722373933e-009 O
272397137754396e-009 0 3.247503722373933e-009 0 3.17398322703475e-009 0 3.055223583372042e-009 0 2.896575040823768e-009 O
704941370348928e-009 0 2.488271614274944e-009 0 2.255005285770596e-009 0 2.013526950667386e-009 0 1.771677157220061e-009 0
536359271638462e-009 0 1.213264086309691e-009 0 1.10672154111464e-009 0 9.196722885042692e-010 O 7.537420967559318e-010 0
093945072359122e-010 0 4.861337459832743e-010 0 3.827309883548812e-010 0 2.97450456475033e-010 0 2.282570691427764e-010 0O
72993729218981e-010 0 1.295218559551063e-010 0 9.582394404320408e-011 0 7.007068360713256e-011 0 5.065752467972993e-011 O
621691507444303e-011 0 2.561259880008691e-011 0 1.792195453968447e-011 0 1.241140934393173e-011 O B.508925787208562e-012 0
776428038686212e-012 0 3.88406999251559e-012 0 2.587429664262505e-012 0 1.708099955583086e-012 0 1.117709761912225e-012 0O
251401238385375e-013 0 4.665478693649226e-013 0 2.977516566778974e-013 0 1.885368164178091e-013 0 1.184732640348621e-013 0
389631253917643e-014 0 4.576118309122403e-014 0 2.814073097925915e-014 0 1.718B80456032064e-014 0 1.042936020302898e-014 0
28B8016025280386e-015 0 2.767705262619266e-015 0 2.244025263396985e-015 0 1.239811155759212e-015 0 1.339811155759213e-015 0
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Saving the project and closing MM Fiber Parameter Extractor

To save the project and close the MM Fiber Parameter Extractor, perform the
following procedure.

Step Action
1 From the File menu, select Save or Save As...
2 From the File menu, select Exit.

MM Fiber Parameter Extractor closes.
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Parameters

Fiber Profile

Name and description
Generate library

Defines whether to generate the library that
contains the fiber model attributes for OptiSPICE

Default value

NO

Default unit

Value range

[YES, NOJ

Library file name

The library file name

library.dat

Fiber type

Defines whether the fiber type is parabolic or
measured (from file)

Parabolic

[Parabolic, Measured]

OptiFiber file format

Defines whether to load a file generated by
OptiFiber or not

NO

[YES, NOJ

File profile

The filename with the refractive index profile

fiber.dat

Core radius

Defines the fiber core radius

25

um

[1,100]

Clad radius

Defines the fiber clad radius

10

um

[1, 10000]

Refractive index peak

The peak value of the refractive index for the
parabolic profile

1.4142

[1.2]

Refractive index step

The delta parameter of the refractive index for
the parabolic profile

%

[0.01, 10]
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Name and description Default value Default unit Value range
Number of radial steps 1000 [10, 100000]
The number of steps for the parabolic profile
Numerical
Name and description Default value Default unit Value range
Mode solver tolerance 1e-014 [1e-100, 0.1]
Defines the mode solver tolerance when using
measured fiber type
Maximum azimuthal index 20 [1,100]
The maximum azimuthal index value when the
mode solver is searching for modes
Maximum radial index 10 [1,100]
The maximum radial index value when the mode
solver is searching for modes
Space width 50 um [1e-100, 1e100]
Define the spatial mode X and Y width (the
dimensions of the mode)
Number of mesh points 100 [10, 1e100]

The number of mesh points for a given spatial
mode dimension. Total number of points is the
power of two of the number of mesh points.

Sweep

Name and description

Wavelength

Specifies the list of wavelengths for the mode
solver.

Default value

820, 1550

Default unit

nm

Value range

[100,1000]
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Technical Background

If parameter Fiber type is Parabolic, a multimode fiber with parabolic refractive index
(Figure 1) is used. The parabolic profile is described analytically as [1]:

331[1 EA[ ]]D<r<a
() =

nil-2ALb2r va (1)
LA
20

where ny is the parameter Refractive peak index at the fiber center, n, is the refractive
index in the cladding, A is the parameter Refractive index step, a is the parameter
Core radius and (b-a) is the parameter Clad radius.

The radial distance from the fiber center ris discretized using the parameter Number
of radial steps.

Figure 1 Parabolic refractive index profile
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The main result of the fiber calculation is the spatial profile, coupling coefficients and
the time delay for each mode.The signal center frequency for the mode solver
depends on the parameter Wavelength. The final solution for the output field of the
combined temporal and spatial properties of the fiber for N number of modes is shown
below:

i
Eoulr.g.8) = D [ Bylt )] Ei(r. ¢) (2}
1

where E;, is the signal input field, ¢; is the coupling coefficient between the fiber
modes and the spatial profile if the input field and E; is the fiber mode for each index i.

25 (‘,
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The MM Fiber Parameter Extractor has an analytical mode solver that will calculate
the LP(m,n) modes. Maximum azimuthal and radial index parameters defines the

maximum order for the radial and azimuthal indexes m and n when searching for fiber
modes. The analytical solution for the field in the core, for each m and n index is [1]:

TP ] R W

B () = By (-1 cos(m)

where E, ( is a scaling factor for the boundary conditions in the core/clad fiber
interface. L is the Laguerre polynomial function, and ky and p are given by:

o= »tj;-zlrz NN
RN Y

_=

kl:l
Ay

where 7‘0 is the center wavelength. The solution in the clad is given by:
= -1 4 2
Balr @) = By (DT K B 1) (5D

where Ey, o is a scaling factor for the boundary conditions in the clad/core fiber
interface, K is the modified Bessel function. The propagation constant Bm 1S
calculated accordingly to: ’

ﬁm,x = kﬂ'}gl-\,fl - Hm.:u
_(2n+m-1EA )
My
Fey 2
There are two main results of this calculation. They are the time delay associated with
each mode and the coupling coefficient between the input spatial fields and each of

the spatial fiber modes. The propagation constant 3 is used to calculate the time
delay per mode:

H

CIn( om Ng |

“man -

= k ;N;ﬁm.x Hl !
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where L is the fiber length. The coupling coefficient is calculated according to:

daen

c, = IIE!-M(FZQ?)EJ-*(IZ ¢rdrdg ®)

00

where E;is the spatial profile for each m,n mode, including the sin and cosine factors,
and E;, is the spatial input field.

After the calculation, the parameter Library file name will have a list of the modes,
coupling coefficients and delays for each mode.

If parameter Fiber type is Measured, the MM Fiber Parameter Extractor will use a
measured refractive index profile provided by the user as an input file.

The parameter OptiFiber file format defined whether the refractive index file was
generated by Optiwave OptiFiber[3] (or Fiber CAD) software tool. The refractive
index file format is a list with the radial position from the center of the fiber to the clad,
and the real value of the refractive index. The radial position should be provided in

microns:

Figure 2 File with fiber profile, radius (first column) should be given in microns

Z_LO0000e—001 1. 414200=+000
S.000000e-001 1. 414157=+000
7.E00000e—001 1. 4141591 =+000
1. 000000e+000 1.414183=+000
1. Z250000e+000 1.414171e+000
1. t00000e+000 1.414157=+000
1.750000e+000 1.414140=2+000
Z.000000e+000 1.414120=+000
Z.ZE0000e+000 1.414098=+000
Z.500000e+000 1.414072e+000
E_TE0000e+000 1.414044=4+000
3.000000e+000 1.414013532+000
3.Z2E0000e+000 1.4125722+000
3.E00000e+000 14135947 =4+000
3.750000e+000 1.4139032+000
4. 000000e+000 1.413860=+000
4. ZE0000e+000 1.412815=+000
4. S00000e+000 L.4137672+000
4. 7E0000e+000 1.413716e+000
S.o000000e+000 1.413662e+000

IMPORTANT: the first radial position should be different from zero.

If the OptiFiber format is enabled, the file should also include the header and the
number of radial points (Figure 2).

27 (‘,
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Figure 3 File with fiber profile using OptiFiber format, radius (first column) should be given in microns

FIBERCAD
1M

-2

LI A R R N

S E00000e-001
L 000000e-001
S L00000e-001
- 000000e+000
- EEO000e+000
- E00000e+000
L 7E0000e+000
- 000000e+000
- Z250000e+000
- E00000e+000
- TE0000e+000
- 000000e+000
- EEO000e+000
- E00000e+000
. 7E0000e+000
- 000000e+000
- 2500004000
- E00000e+000
- TE0000e+000
- 000000e+000

- 414 Z00e+000
. 414197e+000
- 414191 =+000
-414153e+000
.414171=+000
.414157e+000
.414 14024000
-414120e+000
-4 14093e+000
-414072e+000
-414044=4+000
-414013e+000
-413373=4+000
.413947 24000
.413303=+000
-413260e+000
-413315e+000
- 4137674000
-41371ee+000
-413862e+000

The derivative of the effective index is used to calculate the delay:

I : ) 1 rff\éff;ﬂ 3

T =— | Noe. —7
Frn = af; il -
cl di, | @
. A
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