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What are Simulations in

Fiber Optics Good For?

u Develop a quantitative understanding of your devices.

u Understand performance limitations and find optimized device designs.

u Thoroughly check designs before buying the parts and building a prototype 

or an improved version.

u Find out the cause of unexpected behavior.

(Experiments often donõt tell you why it doesnõt work.)

u Get inspired for new ideas when playing with a model.

u Get better results in your R&D work

while speeding it up and reducing the cost.
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Profit From Powerful Software

u Get all relevant calculations done,

e.g. involving fiber modes, power

propagation, full beam propagation,

ultrashort pulses, laser dynamics, etc.

u Easily work with a graphical user

interface, but without being limited

by a fixed set of forms .

u Enjoy high -quality comprehensive

documentation.

u Get reliable results and competent 

technical support from a top expert 

in the field.

u RP Fiber Power offers all that.
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Calculation of Fiber Modes (1)

From a given refractive index profile, the integrated mode solver calculates all 

guided modes (LP modes):

u amplitude and intensity profiles

u effective mode areas

u cut -off wavelengths

u effective refractive indices and group indices

u chromatic dispersion

u Index profiles can have any radial dependence and wavelength 

dependence.
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Calculation of Fiber Modes (2)
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Calculation of Fiber Modes (3)
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Calculation of Fiber Modes (4)
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Calculation of Fiber Modes (5)

A simple script does the following:

u Fiber modes are calculated from 

the refractive index profile.

u Input light (here: misaligned laser 

beam) is decomposed into 

modes.

u Complex mode amplitudes 

change according to the 

different propagation constants.

u Resulting intensity profile at fiber 

end is displayed .

Example: Launching light into a multimode fiber
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Calculation of Fiber Modes (6)

Applications:

u Analyze existing fibers in detail ðfully understand their properties .

u Optimize fiber designs to obtain the needed modal properties.

u Learn a lot by playing with the model! For example, try out how mode 

properties react to changes of the index profile.

RP Fiber Power is a must-have if you work with fiber devices

and an excellent educational tool for fiber optics!
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Numerical Beam Propagation (1)

u Propagate arbitrary field distributions through fibers or other waveguides.

u Create structures as you like:

may have tapered regions, variable bends, multiple cores, lossy regions, 

saturable laser gain, é

Ƃ usable for double-clad fibers, fiber couplers, multi -core fibers, helical 

core fibers, etc.

u Optimize the designs even of very sophisticated devices.
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Numerical Beam Propagation (2)
Example: pump absorption in a double -clad fiber

u Incomplete pump absorption due to helical cladding modes (see below).

u Can investigate how bending, an off -centered core, a D -shaped or 

octagonal cladding or other design modification improves the 

performance.
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Numerical Beam Propagation (3)
Example: tapered fiber

u Define a three -dimensional refractive index profile with a waveguide 

which gets narrower in some region.

u Study the wavelength - and mode -dependent losses.
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Numerical Beam Propagation (4)
Example: fiber coupler

u Define a three -dimensional refractive index profile with two waveguides .

u Study evanescent field coupling. At long wavelengths, also get bend 

losses.
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Calculation of Optical Powers (1)
Models for l aser -active Ions:

u Simple gain model: only one metastable level, defined most easily.

Applicable to Yb 3+, Nd 3+, and often for Er 3+, Tm3+, etc.

u Extended gain model:

u can have arbitrary user -defined level

scheme

u define arbitrary set of processes:

spontaneous and stimulated emission,

energy transfers and upconversion, é

u Example case: Tm 3+ upconversion laser.
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Calculation of Optical Powers (2)

Define a transverse density profile of laser -active ions:

u Full transverse resolution: radial and azimuthal dependencies

u Multiple types of laser -active ions:

for example, can have Yb 3+ and Er 3+ ions, with energy transfer between 

them. Each one can have its own density profile.

u Overlap with optical intensity profiles is calculated automatically .
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Calculation of Optical Powers (3)

Define òoptical channelsó:

u Input channels : for pump or signal waves , each with its own wavelength, 

power , propagation direction, intensity profile, é

u ASE channels : for amplified spontaneous emission

Can have hundreds of channels.

Intensity profiles can be taken from the mode solver, or specified otherwise .
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Calculation of Optical Powers (4)
Dynamical calculations:

u The input powers of all channels can have different time dependencies.

Example: amplifier for short pulses with long pump pulses.

u Describe time dependencies with formulas. Functions are provided for 

accessing the calculated time -dependent output powers and 

excitation densities.

Applications:

u pulsed amplifiers

u Q-switched fiber lasers
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Calculation of Optical Powers (5)
Distribution of optical powers in an erbium -doped fiber amplifier
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Calculation of Optical Powers (6)
ASE spectrum of an erbium -doped fiber amplifier
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Calculation of Optical Powers (7)
ASE in ytterbium -doped amplifier
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Calculation of Optical Powers (8)
Optical powers and excitation densities

in a thulium -doped upconversion fiber laser


