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Abstract—An experimental study is presented in the article, of a  mixtures, foods forexample, orto characterize disso lved
fluorescent broadband light source fully compatible with optical fibers, organic matterin waterand soil [13_14],

for practical application in excitation-emission matrix fluorescence

spectroscopy. A fiber optic glass ferrule filled with a solution of

Rhodamine 6G in glycerin was used for basic construction of a light | 2.3mm |

source. The ferrule is coupled with optical fibers to illuminate the dye
medium and to receive the fluorescent signal. Light spectrum tuning
from the source between 528 nm and 660 nm with a shift of 1 nm is
achieved by means of a monochromator.

The ability to emit braodband fluorescent light under
opticalexcitation, allows organic fluorescent dyes to find
wide practical use in spectroscopy and sensorics.

As a component of active medium they are used in Glass ferrule
novel optical materials for narrow-band stimulated T

R6G/Glycerine
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emission [1]. There isa possibility that the characteristics

of their spectrum may be influenced by a variety of

factors such as dye concentration, pH, absorbed

wavelength, temperature, solvent orimpurities [2]. The

characteristics of organic dyes allow them to be 10.4 mm
incorporated into solid and liquid matrices, which allows

to create different photonics elementsand unique optical

sources [3,4].

With the present experimental work we continue our
research onoptical fiber compatible structures filled with
solutions of organic fluorescent dyes andtheiruse as light
sources [5—10]. The specific objectof thepresent article / m "\

4

is the fiberized optical structurebasedon aglass ferrule
and its potential application as a broad-band light source
forfiberoptic sensors with spectral detection [11-12] as As Ap
well as in excitation-emission matrix (EE_M) fluorescence Fig. 1. Schematic view of the ferrule used. Illuminating fiber
spectroscopy. The latter has been widely used as a (denoted by 1), receiving fiber (denoted by 2).

powerful technique for determiningthe purity of complex

1

Typically used light sources in fluorescence
* E-mail: v.p.viadev@abv.bg measurements are light-emitting diodes (LEDs), mercury,
xenon and tungsten-halogen lamps. A typical
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disadvantage of LEDs is a relatively narrow spectral
range they emit, which requires the use of multiple LEDs.
Typically, suchlamps are expensive and bulky.

Both lamps and LEDs require bulky opticsandalignment
mechanisms when coupling their radiation in optical
fibers. The object of our study is easily coupled with
optical fibers and fiber micro-optics, which allows
portability and easy alignment of optical systems.

The main structure ofthe presented broad-band source
is a glass ferrule that isa standard fiber-optic component
foralignment of optical fibers. The schematic view of the
ferrule is presentedin Fig.1.

The ferrule has a cylindrical form with an outside
diameterof2.3mmanda lengthof10.4mm.Along the
ferrule length two parallel holes with a diameter of 125
um are factory made.

To facilitate thefilling of the ferrule with a fluorescent
solution, approximately a millimeter length section has
been machinecarved toprovide access to two capillary
openings. The fluorescent medium used consists of
Rhodamine 6G (R6G) dissolved in glycerine with a dye
concentration of 1.19x10™* M obtained from a stock
solution after dilution. The carved gap is filled with
approximately 3 plof prepareddye solution.

Two fused-silica step-index optical fibers (NA=0.22,

Thorlabs)with 105 um/125 um core/claddingdiameters
are placedin the holesofthe ferrule so thattheirendsare
immersed in the dye solution. Before placingthe optical
fibers, theirdipped ends are pre-treated.
The facet of the fiber denoted by 1 is polished at 45
degrees using an optical fiber polishing machine
(FibrMet). In the polishing process, diamond polishing
papers with a decreasing size of grains were used,
respectively 30 um, 9 um,3 umand1 um. The polished
facetis coated with a thick layer of silver, which reflects
100% of theincoming light.

The illuminating optical fiber denoted by 1, was
coupled to a continuous wave diode-pumpedsolid-state
(DPSS) Nd: YAG laseremittingat Ap =532 nm. Thus, the
dye mediumisilluminated transversely with respect to
the optical axis of the neighbouring fiber denoted by 2.
The wavelength of the laser radiation used falls within the
maximum absorption curve of Rhodamine 6G.

The facet of optical fiber denotedby 2 was cleaved at
the right angle by using a ruby cleaver. This receiving
fiber guidesthe output radiation Asfromthe broad-band
source to the monochromator used.

The schematic view of the monochromator and
spectrometer used in the experimentare presented in Fig.
2.

For the purpose of the experiment, we assembled a
Czerny-Turner monochromator with a diffractiongrating.
No specialslits were used on eitherthe inputorthe output
of the monochromator. The monochromator fiber 1 (MF
1) is setin a kinematic mount on apylonanddeliversthe
output light from the ferrule to the collimating mirror 1.
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Both curved aluminium coated mirrors1 and?2 are fixed
onpylons.

Mirror 1

Diffraction grating

Diffraction grating

Digital camera EOpticaI fiber 2
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Fig. 2. Schematic view of the monochromator and spectrometer
used.

A reflective holographic diffraction grating with a
constant of 1.4 um was used. It wasmounted ina holder
and placedon apylon. Arotational micropositioner stage
was used to turn the grating (481-A Series, Newport). The
station allows precise manual adjustment of 0.1° by
means of ascrew.

The monochromator fiber 2 (MF 2) is mounted in a
holderand fixedto a micropositioner havingthree linear
displacements (ULTRAIlign 561D, Newport) and two-axis
tilt platform (561-TILT-LH, Newport). The MF2 receives
monochromatic light from a focusing mirror 2 and is
connected to the spectrometer to observe the wavelength
tuning by the monochromator. Allcomposed parts of the
monochromator were mountedonto a concrete optical
breadboard.

A simple digital camera-based spectrometer was used
forthe spectral observation ofthe output signalfrom the
monochromator. It is composed of the MF 2 core
(entrance slit = 105 pm), collimating ball lens,
transmission diffraction grating with 1350 linesmm™"and
a computer connected digital CMOS camera. Thus, the
spectral resolution of the spectrometer was found to be 3
nm.

© 2022 Photonics Society of Poland
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Fig. 3. The monochromator output wavelength change
depending on the diffraction grating rotation angle.

A series of spectrawere takenat every 0.5°rotation of
the gratingup to 12.5°. Fora startingwavelength of 528
nm, a central wavelength of 660 nm was obtained at
12.5°. Figure 3 presents the dependence of the central
wavelength of the monochromator output onthe rotation
angle of the diffraction grating. The calculations based on
the obtained data show that for every 0.1° of rotation
there corresponds an approximately 1.1 nm shift in the
output wavelength.
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Fig. 4. Output spectra from the monochromator.

Figure 4 shows several spectra obtained from the
monochromator, aswellas the fluorescencespectrum of
the R6G/Glycerine medium used. Pictures from the
optical microscope of the MF 2 placed in a temporary
holder are also shown in the figure. The pictures
correspond to the captured spectra underneath.

As can be seen from the captured spectrashown in the
figure above, the output signals from themonochromator
are strongenough and thespectralcurvesarestable. No
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significant distortions due to noise are observed in the two
low-intensity monochromator spectra that fall at either
end of the fluorescencesignalfrom thedye medium used.

Based on the obtained experimental data, we can
conclude that the investigated fiber-optic structure is
suitable foruse asa broad-band fluorescentlight source.
Combining it with a monochromator scheme allows
smoothtuning of output fluorescence radiation within the
spectrum ofthe used dye, namely between 528 nm and
660 nm. The resulting radiation from the monochromator
is strong enough to be detected by a simple and
inexpensive spectrometer that was used in the
experiments. The constructed experimental set-up allows
smooth light tuning with a step of approximately 1 nm for
every 0.1°rotation ofthe diffractiongrating.

The inputand output ofthe monochromator are fiber
optic compatible. Thisallows a rapid change of the light
source and connection of a fiber-optic fluorescence
detector which uses samples with volumes in the orderof
microliters. The fluorescent dye can be replaced by
another one that emits in a different spectral region.

The obtained results suggest a potential possibility of
usingthe studied broad-band light source inthe field of
excitation-emission matrix fluorescence spectroscopy.
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