Introduction
Solid state lasers are being used in a variety of ways, including fiber optics
communication systems, optical data storage devices and various electronic products.
There are numerous challenges in developing compact solid state lasers that will
operate at shorter wavelengths (less than 0.6 microns). One way to solve this
problem is to use non-linear optical properties of certain materials to convert low
frequency light to higher frequencies. While efficient materials for second harmonic 1550nm
generation have been in commercial use for decades, efficient direct third harmonic =~ =————>
generators have been difficult to find.

Materials

Initial screening of the materials:

« Eight dyes were chosen initially that could have exhibited efficient THG based on
screening of the literature.

« Only three out of eight dyes turned out to be transparent enough for the project at
both 1550 nm and 517 nm wavelengths

Materials Criteria

« low loss at target wavelengths

« ability to generate third harmonic
« stability at increased temperature

Chosen Materials
Silicon(IV) phthalocyanine bis(trihexylsilyoxide)
¢ 4-4’-dimethoxy-2-2’-bipyridine
2,5-dimethoxy-4"-nitrostilbene

4-4-dimethoxy-2-2’-bipyridine

2,5-dimethoxy-4’-nitrostilbene

bis(trihexylsilyloxide)
Further material characterization techniques used:
« refractive index measurements (Metricon Prism coupler) at 1550nm, 1300nm, 830nm,
and 633nm
* loss measurement (Metricon Prism Coupler) at 1550nm, 830 nm, 1300nm
« Cauchy fitting in order to get indices at third harmonic wavelength, coherence length
« initial third harmonic measurements

Fiber Filling

The following filling method has been established:

Capillary filled with ~ Photonic crystal
polymer/dye fiber filled with

combination polymer

1. Material is melted in the oven

2. Pre-cleaved fiber is inserted into melted material

3. Fiber is left in the oven to be filled for about 15
minutes

4. Oven is left to cool down SLOWLY at its own rate.

5. Fiber is removed from the oven

6. Fiber needs to be cleaved again at either end.
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Hybrid fibers filled with organic non-linear materials
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Several nonlinear optical (NLO) organic materials have been identified as promising candidates for efficient
third harmonic generation (THG). By using these materials it is possible to convert 1550 nm (standard

Hybnd telecommunication wavelength) light to 517 nm with applications in undersea communications, ultrafast
Fiber lasers, and optical fiber installation and repair. One potential approach is to use hollow fibers filled with the
NLO materials. By coupling light into filled fiber, efficient THG can be achieved provided that there is

517nm sufficient phase-matching, interaction length, and minimal absorption of the fundamental and third harmonic

wavelengths. Quasi phase-matching is one of the most straightforward techniques for achieving high
efficiency optical frequency conversion. More generally, by mastering the fabrication of hybrid fibers we can

potentially create a wide variety of devices including wavelength converters and optical switches.

Light coupling data

+ 1550 nm and 632 nm light was coupled into 5 ym and 10 pm core fiber filled with polymer/NLO material.
* Attenuation was calculated
« It was found that most of the loss came from poor coupling between the input fiber and the nonlinear fiber

10 pm core capillary filled with

5 pm core capillary filled with 3 wt% 2,5-dimethoxy-4'-
polystyrene/plasticizer mixture

nitrostilbene dye

632 nm 1550 nm 632 nm 1550 nm

n n

Phase Matching

Phase matching of fundamental and third harmonic beams can be done in the following ways:

1. Anomalous dispersion
— Effective index of filled capillary at fundamental and harmonic wavelengths should be the
same
2. Photonic Crystal Fiber

— By varying geometry of photonic crystal fiber the effective index can be changed and
phase-matching conditions can be achieved.

3. Quasi phase-matching

— The nonlinear properties of the material are spatially modulated to prevent destructive
interference in regions where the fundamental and harmonic are out of phase

Quasi Phase Matching

Itis possible to create a similar periodic structure by periodically
bleaching the dye within the capillary A fmdamental

L, =
The length of bleached section should be equal to one coherence <" 6(ny, —n,
length — the length over which fundamental and harmonic waves s
interfere constructively drepresan 7

dye bleached J/'
Initial photobleaching data
« 2,5-dimethylamino-4'-nitrostilbene dye is used for all initial photobleaching experiments.

« It was discovered that we can increase the concentration of stilbene dye without transmission loss at
517nm.

« Absorption peak of stilbene dye is around 390 nm.

« Experiments showed that after 4 hours of bleaching the absorption peak is completely eliminated.
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Index and coherence length data based on bleaching results for 10 wt% nitrostilbene
in polystyrene
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Index changes of 10 wt% of nitrostilbene dye in
potymer after 4 hours of bleaching

Initial periodic bleaching was done
by exposing 1um thick films with
10wt% dye to high intensity UV light
through quartz periodic mask with y \
period of 10um §
« Periodic microstructure is visible
under regular microscope

* Gratings produced diffraction
pattern when illuminated with a
laser

\ —dispersion curve
|

—aispersion cunve after 4
hours of bleaching

15 2
wavelength, microns

Further work
Model light propagation in software (Fimmwave, Photon Design, UK)
Obtain quartz mask with periodicity equal to desired coherence length
Periodically bleach material within the fiber
Fine tune various parameters to get perfect phase matching

Consider new applications — wavelength conversion in the C-band
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