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Abstract  
In this article an overview of our recent research in the area of miniature broadband light sources compatible with 

optical fibers is presented. In the examined works the dependency of fluorescent spectrum of the excitation source 

characteristics on the length of microcapillaries filled with a solution of a fluorescent dye was studied. As 

microcapillary structures a fiber-optic glass ferrule with two parallel openings with diameters of 125μm and a 

glass capillary with inner diameter of 100μm were used. The fluorescent medium used was the organic fluorescent 

dye Rhodamine 6G dissolved in glycerine. The presented microcapillary structures were all-fiber and 

compatibility was demonstrated both with conventional and microstructured optical fibers. Two types of 

microstructured optical fibers were used: a photonic-crystal fiber and a hollow-core fiber. Due to their unique 

properties, these fibers were studied intensively in the past ten years which shows the topicality of the studies 

presented. Fiber-optic micro-optics was used both in the pumping and the receiving system of the construction 

which is an advantage over previous works related to this topic. 

 

 
Practical applications  

Optical fibers are broadly used to make fiber-optic sensors which find their application in various areas of science 

and technology. Due to the usage of standard fiber-optical components, cheap disposable light sources could be 

developed. Fiber sensors with long period gratings could be pointed as a direct use of the light sources presented. 
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Introduction 
 

The development of optofluidic technologies by 

merging microfluidics with optics offers the 

possibility of creating more functional and more 

compact devices (Psaltis et al., 2006; Monat et al., 

2007). Typical biochemical analyses are usually 

associated with voluminous and expensive optical 

elements, carefully connected by microfluidic 

systems. Opto-fluidic or miniature light sources 

compatible with optical waveguides can solve these 

limitations and allow portability of the device. 

Lamp sources widely used in fiber-optical sensors 

are often too voluminous or expensive and not 

particularly suitable for field measurements 

(Mechery & Singh, 2006). As their alternative light 

source, cheap and compact light emitting diodes 

emitting in the UV, visible and IR spectra are used 

(Kostov & Rao, 2000). Both types of wide spectrum 

light sources require voluminous optics and 

alignment mechanisms when introducing their 

radiation in optical fibers (OFs). 

A variety of organic fluorescent dyes covering the 

entire visible spectrum are freely available. Their 

ability to dissolve in liquids makes them attractive, 

as active medium in microfluidic systems. Studies 

conducted with completely liquid waveguides and 

control over their parameters in combination with 

fluorescent dyes allow the creation of such devices 

(Wolfe et al., 2004). Their ability to integrate with 

the OFs at the design stage and hence fiber-optic 

micro-optics allows the creation of compact broad 

spectrum light sources compatible with OFs as an 

alternative to lamp and LED ones. 

The development of miniature broadband light 

sources compatible with OFs as well as compact 

opto-fluidic lasers (in particular fiber-optical Fabry-

Perot resonators) based on organic fluorescent dyes 

were developed over the past years (Vezenov et al., 

2005a; Mayers et al., 2005; Lim et al., 2008; Zhou 

et al., 2013; Aubry et al., 2011; Lei et al., 2009; Kou 

et al., 2006; Yang et al., 2011; Vezenov et al., 

2005b). The main idea is their use in microfluidic 

and biosensor technologies for chip spectroscopy, 

detection of low concentrations of chemicals and 

biomolecules or single cell analysis (Chen et al., 

2010). Capillary tubes and openings of 

microstructured optical fibers (MOFs) are a natural 

choice for insertion of fluorescent organic dyes to 

produce a tunable laser effect suitable for opto-

fluidic sensorics and spectroscopic applications 

(Vasdekis et al., 2007). 

 

Materials and methods 
 

Materials 

Micro-capillary structures 

Two types of microstructures were studied: a fused 

silica capillary with 362/100μm outer/inner diameter 

and one of the openings of a fiberoptic (FO) glass 

ferrule with an inner diameter of 125μm. The tubes 

were filled with active medium in the form of an 

organic fluorescent dye solution dissolved in a liquid 

matrix. 
 

Active medium 

The Rhodamine 6G (R6G) dye was used, which was 

first dissolved in ethyl alcohol and then in glycerine 

and its concentration in the solution after 

the ethanol evaporation was 4.10-4М. For R6G 

dissolution, ethanol absolute and glycerin 99.89% 

pure for analysis (sulphates 0.0002%, chlorides 

0.0001%, heavy metals 5ppm) were used. 
 

Pumping system 

SMF-28 pumping fiber (PF) single-mode above 

1260 nm was used, connected to a continuous-wave 

diode-pumped solid state (DPSS) Nd:YAG laser 

emitting at pump= 532nm with a maximum output 

power of 100mW. PF has a 9/125μm core/ cladding 

diameter.  

PFs with faces angles of  = 20°, 25°, 30°, 35°, 40° 

and 45° were used, with a reflective aluminum layer 

on them (Fig. 1), a flat-faced PF ( = 90°) and a 

single tapered PF. 

Faces of a PF with  = 20-45° were polished on an 

OF FibrMet Polishing Machine using standard 

polishing papers with a grain size of 30μm, 15μm, 

9μm and 3μm.  

The aluminum layer was deposited by thermal 

evaporation in a vacuum chamber with a purity of 

99.999%. For the deposition, an education vacuum 

setup of Plovdiv University was used. 

To obtain a flat-faced PF, a cutter for OFs was used. 

The single tapered PF was created by pulling to tear, 

after heating a section of a standard OF with a gas 

burner. 
 

Receiving system 

To receive the fluorescence signal, a receiving fiber 

(RF) was used, connected to a CCD spectrometer 

(AvaSpec 2048, Avantes) connected to a computer 

to monitor the fluorescence spectrum. The tip of RF 

was immersed in the active fluorescence medium. In 

the experiments conducted, as RFs the following 

were used: a flat-faced SMF-28, a single tapered OF 

(Fig.1c) and two microstructured OFs – a photonic 
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crystals fiber (PCF) and a hollow-core OF (HCF) 

(Fig. 2). МОFs were developed in the Mary Cury – 

Sklodowska University in Lublin, Poland. 

A flat-faced RF was obtained by cutting the tip of a 

standard OF with an OF cutter. To prevent 

penetration of the liquid active medium into the 

openings of MOFs, two techniques were applied - 

closing their ends with borosilicate glass (Fig. 3) and 

single tapering. 

 

Experimental setup 

Broadband light sources based on a glass ferrule 

To demonstrate compatibility with conventional 

OFs, an assembled experimental setup was 

represented in Fig. 4 (Vladev et al., 2016). PFs 

polished with angles between =20-45 with 

deposited reflective aliminium layer on polished 

faces were used. PFs were attached to a single-axis 

micropositioner by a holder allowing movement 

along the opening in which they are located. 

Conventional flat-faced RFs, together with the 

ferrule were motionlessly attached to a three-axis 

micropositioner. To demonstrate compatibility with 

MOFs, an experimental setup was assembled, 

presented in Fig. 5 (Vladev et al., 2015a). A =45° 

angle polished PF was used with a deposited 

reflective aluminium layer. The PF was attached to 

a single-axis micropositioner by a holder. The two 

microstructured RFs encapsulated with borosilicate 

glass tips, together with the ferrule were 

motionlessly attached to a three-axis 

micropositioner. 

 

Broadband light sources based on a glass capillary 

To examine the main characteristics of a light source 

based on a capillary, an experimental setup was 

assembled and presented in Fig. 6 (Vladev & 

Eftimov, 2014). As RFs, a single tapered 

conventional OF was used, attached rigidly with a 

capillary to a three -axis micropositioner. As a PF, a 

flat-faced OF was used, attached to a single-axis 

micropositioner allowing parallel movement of the 

capillary axis.  

To improve the pumping system and demonstrate 

compatibility with MOFs, a test setup was 

assembled, presented in Fig. 7 (Vladev et al., 

2015b). As a PF, a single tapered conventional OF 

was used, attached with a holder to a single-axis 

micropositioner, allowing perpendicular movement 

of the capillary axis. For RFs, two single tapered 

conventional MOFs were used, motionlessly 

attached with a capillary to a three-axis 

micropositioner.  

Methods 

Study of glass ferrule samples 

PF was moved along the opening which allows 

distance x change between the excitation area and 

the fluorescence signal receiving point. Fluorescen-

ce spectra were obtained for x in the range 0-5.08 

mm with a displacement step of 0.127mm. For better 

resolution when obtaining the data in the beginning, 

the displacement step was 0,0254 mm, for distances 

x in the range 0-0.127mm. For the experimental 

setup in Fig. 4 five experiments were conducted with 

each of the examined RFs. In each of the 

experiments fluorescence spectra were obtained 

when sliding in and out the PF. 

 

Study of glass capillary samples 

For a flat-faced PF the dependency of the output 

fluorescence spectrum on the distance x was 

examined. Experiments were conducted for three 

possible angles  between the RF and the PF 

(>90°, =90°, >90°). Spectra were obtained in 

the interval  0-11.43mm for a displacement step of 

0.127mm. 

For a single tapered PF, fluorescence spectra were 

obtained for four different degrees of contact 

between the PF and the capillary, which are 

schematically shown in Fig.8. The position of the PF 

in the proximity of the capillary without a direct 

contact is indicated by "0" while "1" to "4" denote 

the four positions with an increasing degree of 

contact between the tip of the PF and the capillary. 

Radiated areas for conventional RFs are five while 

for photon crystals RFs they are three, and for 

hollow-core RFs they are two. 

 

Results 
 

For a glass ferrule sample using conventional RF 

Fig.9а) represents the normalized fits for the change 

of the maximum fluorescence intensity in 

dependency on the distance x for all examined PFs. 

The following equation was used for the fitting: 
 

  KAxIIIxI )exp(1.)( .min.max.max              (1) 
 

where A and K are coefficients, Imax. and Imin. are 

respectively the maximum and minimal value of the 

intensity. The corresponding determination 

coefficients for the examined RFs are shown on the 

figure where they demonstrate a strong correlation 

dependency (R2>0.98). The data show that the 

maximum fluorescence intensity was obtained for 

distances x close to the initial measurement position. 
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With an increase in x, the intensity values decrease 

sharply to almost constant values to the end of the 

studied distance. 

In Fig. 9b data is presented for the change of the 

spectral FWHM depending on the distance x for all 

examined PFs. Each curve is the average of all 

similar curves for a given PF. All curves are of the 

same type and are characterized by a strong FWHM 

decrease immediately after the initial observed 

maximum for distances x close to 0mm. The 

observed FWHM decrease is due to the internal filter 

effect, which is a characteristic of organic dyes such 

as R6G. 

 

For a glass ferrule sample using microstructured 

OF 

The experimental data for the change of the 

maximum fluorescence intensity with distance x for 

a RF PCF and a RF HCF is presented in Fig. 10а. 

The figure shows a clear difference in the decrease 

rate of the maximum intensity of both RFs. For a RF 

HCF, a FWHM reduction of the maximum value is 

observed for a distance 0.25mm, whereas for a RF 

PCF the distance is 1.14mm. The FWHM change 

with the distance x is shown in Fig. 10b, the 

experimental data presented is for distances x above 

0.381mm (RF PCF) and 0.254mm (RF HCF) in 

order to prevent the impact of the pumping radiation. 

The FWHM change for a RF PCF is characterized 

with a strong decrease of 10.4nm compared to the 

maximum value =42.5nm withing the range of 

0.762 mm. In contrast, the decrease for a RF HCF is 

less and decreases by 6.9nm from the maximum 

value =41.3nm within distance of 1.143mm. The 

jitters in the FWHM for x>2 mm are result of the 

approaching of maximum intensity to the noise 

levels. 

 

For a glass capillary sample using RF with a flat 

faced  

Fig. 11a shows the change of the maximum intensity 

depending on x for the three angles α considered. All 

three are characterized by a sharp increase to a peak 

value around the RF peak, followed by a rapid drop 

to almost unchanged values to the end of the distance 

studied. 

Fig.11b shows the FWHM change, a jump to a peak 

value around the RF tip is observed again, followed 

by a rapid drop. 

 

 

 

For a glass capillary sample using with a tapered 

PF 

Fig.12а and b respectively represent the variation 

of the normalized maximum intensity and the 

FWHM for the respective irradiated zones and 

degrees of contact using a conventional RF. The 

change of the relevant data using the microstructured 

RFs is analogous. 

 

Discussion 
 

Integrating an active medium, a signal receiving 

system and an excitation system into a single 

miniature construction is not observed in the 

currently reported similar light sources both 

fluorescent and laser. 

Apparently, the RF position has no significant 

impact on the output spectrum. 

This means that the integration methods used offer 

stability of the structures, combined with a quick and 

easy alignment with a minimum number of 

fasteners.  

The experimental data show that the maximum 

fluorescence and the broadest spectrum for a given 

concentration are obtained at a location of the PF 

around the RF tip. This allows the represented 

constructions to be compact and use a minimal 

amount of fluorescence medium. 

Standard, affordable and inexpensive components 

with known tolerances were used, the presented 

constructions being compact, stable, compatible 

with OFs and relatively easy to assemble. 

The experimental data show that the chosen methods 

for encapsulation of MOFs by melted borosilicate 

glass and single tapering could successfully be used 

to prevent liquids entering the fiber openings while 

retaining the holey structure. 

Due to the principal action of the light sources 

presented, they could be used as fluorescent sensors 

of substances with low concentrations. 

 

Conclusion 
 

Based on previous information, it could be 

concluded that the proposed constructions could be 

used in optofluidic bio and chemical sensors, 

microfluidic lasers or as compact fluorescent 

sources compatible with FO components. 
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Figure 1. a) A medical needle holder with 30° polished faces on which aluminium was coated. b) 

A PF face polished at an angle of 20° with a coated aluminium layer. c) A sharp single tapered 

optical fiber. 

35m 

a) b) 

c) 

Figure 2. Photos from an electron microscope of the faces used: a) An optical fiber with photonic 

crystals and b) A hollow-core optical fiber 

8 m 

1.5 m 3.25 m 

61 m 2.11 m 

а) б) 

Figure 3. Photos of encapsulated with 

borosilicate glass spheres a) A RF with photonic 

crystals and b) A RF with a hollow-core. 

а) б) 

Figure 4. Schematic representation of the experimental setup using a conventional 

receiving optical fiber, (Vladev et al., 2016). 
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Figure 5. Schematic representation of the experimental setup using microstructured 

receiving fibers,  (Vladev et al., 2015a). 

x 

R6G/ Glycerin 

Glass Ferrule Aluminum 

10.4 mm 

125 μm 

125 μm 

Receiving fiber 

Pumping fiber 

2.3 mm 

Figure 6. A scheme of the experimental setup with three examined cases of an angle  between the 

pumping and tapered optical fibers:  < 90,  α = 90,  α > 90, (Vladev & Eftimov, 2014). 

x 

100 m 

Microcapillary tube 

Tapered optical fiber Pumping fiber 

Active medium 

α 

Figure 7. Schematic representation of the experimental setup using microstructured fibers, as well 

as a) A photo of a tapered PF with pump radiation that is passed through it, located in proximity to 

the capillary, (Vladev et al., 2015b). 
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Figure 8. Schematic representation of the four increasing degrees of contact (1, 2, 3 and 4) 

between the tapered PF and the capillary in the respective irradiated zones. The position where 

the PF is located near the capillary without touching it is labeled with 0,  (Vladev et al., 2015b). 

0 

1 

2 

3 

4 

Pumping taper 

Capillary wall 

Мicropositioner axis 

Figure 9. a) Average normalized fits of the maximum intensity changing depending on the 

distance x for the PFs used. b) The variation of FWHM depending on the distance x for the 

average curves of the PF used, (Vladev et al., 2016). 
 

a) b) 

Figure 10. a) Change of maximum fluorescence intensity with the distance x for the RFs used. b) 

FWHM change depending on the distance x for both RFs used, (Vladev et al., 2015a). 

a) b) 
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Figure 11. a) Change of maximum intensity when changing the excitation position. b) FWHM 

change of the fluorescence spectrum when changing the excitation position, (Vladev and Eftimov, 

2014). 

b) a) 

Figure 12. a) Change of the normalized maximum intensity and b) FWHM change for the five 

degrees of contact and the five radiated zones using a RF SMF-28, (Vladev et al., 2015b). 

b) 
 

a) 
 


