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Abstract

The Fiber Mode Calculator can be
used to calculate linearly polarized
(LP) propagation modes in a
cylindrically symmetric fiber, either
step-index with a single core or
graded-index with an infinite parabolic
profile. The corresponding
polynomials to describe these modes
are Bessel for step-index fibers and
Laguerre for graded-index fibers. This
use case shows how to use the
calculator and the configuration of the
sampling parameters of mode fields.




Configuring the Fiber Structure: Step-Index Fiber

1: Fiber Mode Calculator

Modes in step-index fiber

Mode Type Linearly Polarized Bessel are mainly based on
Wavelengtn Bessel polynomials.
Core Diameter

Core Material

The refractive index
Neore COrresponds to that
of the core material.

Name |Silicon_Dioxide-SiO2-ThinFilm

Catalog Material

State of Matter Solid

Cladding Material

Name |Fused_Silica

The refractive index
Ncladding IS that of the

Catalog Matenial

A

e cladding material. Ncore
Maximum Azimuthal Index :
Mo:p"::d:tmmF The number of propagating modes Ncladding| -
b Creste Moce Fielas semecesmay 1S liMited by the structure of the ; |
| step-index fiber. Users can manually | s
v & 10 truncate number of modes. 0

2po 1S core diameter.




Setting of the Fiber Structure: Graded-Index Fiber

1 1 Fiber Mode Caleutator Modes _in this _type of

Mode Type Linearly Polarized Laguerre v ex graded_lndex flber are
Wavelength mainly based on Laguerre
Core Diameter — polynomials.

Core Material —_—

Name |Silicon_Dioxide-SiO2-ThinFilm Q D

o 74 | refractive index of infinite parabolic profile

State of Matter Solid
0 2
Gradient Constant n(p) - ncore 1 B QA (%) ’ i
A
, Ncore
O with p = /2 + 3
23
Maximum Radial Index :
. The number of Neore V1 — 2A
Output of Additional Data Arrays . .
P Create Mode Fields Show Mode Structure propagatlng mOdeS IS i ;
infinite, so users need to 5 S
Vit @ truncate the number of PO
orders. A is the gradient constant.




Calculation of Propagation Constants

| & ] © )
Mode Type Linearly Polarized Bessel v/ Index | Azimuthal Order L | Radial Order M_| Propagation Const.. | Effectiv... Pl‘Opagathn constant ,B for
1 1 142426-07m™" [ 14734 .
R 2 0 2 142136+07 m™ each mode is calculated
3 0 3 14162E+07 m™ 1
Core Diametes : : | e el on-the-fly.
Core Material 5 1 1 142326-07m™ | 14723
6 1 2 141926-07m™ | 14681
Name |Silicon_Dioxidc-5i02-Thinﬁlm @ 7 1 3 14131E-07T m™ 14618
8 2 1 14218E-07m™ | 14709
Catalog Material v] 9 2 2 14167E+07m™ | 14656 Eff - ” - 1
10 2 3 14097E-07m" | 14584 ective retractive Index
StateofMatter  [SENS v| 11 3 1 14201E+07m™ | 14691 / F;
: , 12 3 2 1413%6-07m™ | 14627 . —_ b
Cladding Matesial 13 4 1 14182E-07m™ | 14671 Nefr IS Nefr = P with ko
Name |Fused_Silica Q| 14 4 2 14109E-07m™| 1459 0
1 : T atssE0rer 1Al the vacuum wave number.
Catalog Material v) 16 6 1 14134E-07m™" | 14622
17 7 1 14107€+07m™ | 14593

State of Matter | Solid v|

Maximum Azimuthal Index
Maximum Radial Index -g

Output of Additional Data Arrays
‘ P Create Mode Fields l [ Show Mode Structure

validity: 4 || Close | | Help




Display of Propagation Constants

‘Multigraph . )
3 Propagation Constan..
Mode Type Linearly Polarized Bessel v/ Index | Azimuthal OrderL | Radial Order M | Propagation Const... | Effectiv... . Mode pag
1 1 142426+07m™"| 14734 :
Wavelength 2 0 2 142136+07m™ | 14704
3 0 3 14162E-07m™"| 14651
Core Diameter 4 0 4 14094+ 07 m™' 1458
Core Material 5 1 1 14232E-07 rn;‘| 14723 Numerical Data Array
6 1 2 14192E-07 m 14681 :
Diagram » i
Name |Silicon_Dioxide-SiO2-ThinFilm Q] 7 1 3 14131E-07m™ | 14618 9ra [Table | Value at x-Coordinate
8 2 1 14218E+07 m™ | 14709
Catalog Material v| 3 2 2| 1AI67E-0Tm™| 14656
10 2 3 14097E+07m™"| 14584 =
Sl v| 1 3 1 14201E-07m™ | 14691 ES
12 3 2 1413907 m™' 14627 @ &
. , g
Ciadding Matesial 13 4 1| tate2E-orm?| 14671 -
MName |F|5.ed_5iliﬂ lgl 14 4 2 14109E+07 m™ 14596 =
15 5 1 14159E+07 m™ 146438 8 B
Catalog Material v 16 6 1 14134E-07m™ | 14622 5§ &
17 7 1 14107E+07 m™" 53
State of Matter  Solid v| 5 -
g P~
Maximum Azimuthal Index =
R R u‘g T T T T Ll T T T
Maximum Radial Index e 2 4 6 8 10 12 14 16
Output of Additional Data Arrays Index
| P Create Mode Fields | | Show Mode Structure
- 1
Validity: & Close | | Help




Calculation and Display of Propagation Modes

7] 1: Fiber Mode Calculator

Mode Type Linearly Polarized Bessel

Wavelength | 650 nm|

10 um

Core Diameter

Core Material

Mame |Silicon_Dioxide-Si02-ThinFilm Q
Catalog Material v |
State of Matter Solid
Cladding Material
MName |Fused_Silica Q
Catalog Material V4
State of Matter Solid

Maximum Azimuthal Index =

Output of Additional Data Arrays

Maximum Radial Index

P Create Moge Fields Show Mode Structure

1
validity: & |

L

~ Index Azimuthal Order L Radial Order M
n 2

B 5: Mode Fields

~i e [un [ | o [ =

~ | v & |w v | = o |w e

E=R T

Propagation Const... | E ffectiv...

—_

14242E=0T m™" 14734

1 A13ELOT o ~! 14704

-

e

Lo OS]

Numerical Data Array

Y [pm]

Diagram Table

Amplitude of “Mode L=0, M=3" [MV/m]

Value at (x.y)

8.4274
42139
0.0003...
0 5
X [pm]

4 |3 of 17 pi
- {
‘Mode L=0, M=3" {
';Mﬂﬁﬂ-&dmnﬁj

default sampling parameters
- window size is 3py X 3p,
- sampling number is 151 x 151




Peek into VirtualLab Fusion

Mode Type | Linearly Polarized Bessel v | Index | Azimuthal Orderl | Radial Order M | Propagation Const... | Effectiv...
1 1 14242E-07 m™ 14734
Wavelength 2 0 2| ra23Ee07me| 14704
_ 3 0 3 14162E+07 m™ 14651
Core Diameter 4 0 4 14094E=07 m™ 1458
Core Material 5 1 1 14232E=07 m™ 14723 |,
6 1 2 141926407 m™ 14681 '
Name |Silicon_Dioxide-SiO2-ThinFilm @ 7 1 3 14131E-07 m™ 14618 Numerical Data Array
8 2 1 14218E-07 m™ 14709 | Diagram Table  Value at (xy)
Catalog Material e =07 m™ :
| | |/‘ [E| 9 2 2 14167E<0 m” 14656 Amplitude of “Mode L=0, M=3" [MV/m]
ctate of Matt S - 10 2 3 14097E-07 m 14584
aie oflMatter “ 11 3 1 14201E+07 m™ 14691 8.4274
) . 12 3 2 14139E-07 m™ 14627
Chadding Materiel 13 4 1 141826-07m™ | 14671 o
Name |Fused_5i|ica |Q| 14 4 2 14109E+-07 m™ 14596
15 5 1 14159607 m™ 14648
Catalog Material v| 7] 8] 16 6 1 14134E-07 m™ | 14622 E o 2130
17 7 1 14107E-07 m™ 14593 = ’
State of Matter Solid v
Maximum Azimuthal Index E s
Maximum Radial Index E 0.0003...
=k 0 5
Qutput of Additional Data Arrays X [pm]
' P Create Mode Fields ' | Show Mode Structure
Validity: 4* E . cpr g
alicity Close Help mode field of a specific fiber

convenient setting of fiber structure
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