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Abstract. Since the development of the first fibroscope in the late nineteenth century, the use of innovating 

glass fibers has opened promising perspectives for medical applications particularly in the domain of 

multimodal imagery[1]. In this work, tellurite glasses have been used to design step-index optical fibers with 

a rectangular core-section for supercontinuum generation in the near infrared domain. The tellurite glasses 

selection and the fibers manufacturing by the stack-and-draw process will be presented. Characterizations 

performed on bulk samples and fibers will also be detailed[2]. The spectral broadening, which is obtained in 

this work in a short fiber sample, is used for imaging mouse kidney cells, labelled with three different 

fluorochromes, by means of two and three-photon absorption. Despite the multimode nature of the output 

beam, clear images of tubules, actin and nucleus are collected with a spatial resolution down to 1.2 µm[3]. 

1 Tellurite glasses and fibers 
manufacturing 

Tellurite glasses choice was focused on TeO2-ZnO-La2O3 

(TZL) due to their higher thermal stability than TZN 

glasses and high non-linear refractive index n2 (compare 

to silica) allowing supercontinuum generation on short 

length (n2 = 4.10-19m2/W).  

1.1 Tellurite glasses synthesis  

The synthesis step leads to the obtention of a large range 

of glass samples with fixed amounts of La2O3 (5% mol) 

and variable amounts of ZnO andTeO2 as shown in figure 

1.  

 

Fig. 1.  TZL samples composition. 

1.2 Formulation selection and “stack and draw” 
for special geometry fibers manufacturing  

The chosen core (TZL 70-25-05) and cladding (TZL 65-

30-05) TZL formulations are close in composition for an 

easy and stable thermal co-drawing. The “stack and 

draw”, as well as direct bonding method allow the design 

of various geometries. Square or rectangular sections are 

accessible. The strains applied on the preform during the 

drawing step influence the fiber final geometry as shown 

in figure 2. 

 

 

Fig. 2.  Fibers manufacturing process. 

 

2 Supercontinuum generation  

A square step index optical fiber of 33 cm length was 

successfully used to generate a supercontinuum in the 

near-infrared domain as shown on figure 3. The set 

parameters for this experiment were the followings: pump 

wavelength centered at 1030 nm, 300fs pulse duration, 

repletion rate of 30 kHz, core dimensions at 30x35µm. 
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Fig. 3. Recorded spectra at the extremity of the 33cm length 

square fiber as a function of injected power 
 

3 Multimodal imagery on mouse kidney 
cells 

Commercial Invitrogen FluoCells n°3 F24630 marked 

mouse kidney sections labeled with 3 fluorochromes 

(DAPI, Alexa Fluor 488 & Alexa Fluor 568) were used 

for image acquisition. After SC generation the output 

polychromatic beam is collimated by means of a 

convergent lens (f = 15 mm). A neutral density filter is 

placed at the input of the microscope to control the power 

sent on samples. A long-pass filter FELH1100 (Thorlabs) 

is first used to select the desired wavelength bands 

between 1100 nm and 1700 nm. The filtered beam is sent 

in an upright multiphoton microscope (Bergamo-

Thorlabs) equipped with galvanometric scanners and two 

photo-multipliers. The incident beam is focused on the 

sample with an Olympus XLUMPLFLN20XW objective. 

Bandpass filters are placed in front of the photomultiplier 

tubes, in order to select the fluorescence emission. The 

experimental setup used for imaging application is shown 

on figure 4. 

 

Fig. 4. Experimental setup for imaging application 

 

Mouse kidney cells are observed using multiphoton 

imaging, following the previously described setup. 

Tubules are labelled with Alexa 488, actin with Alexa 568 

and nucleus with DAPI. For wavelengths excitation 

between 1070 nm and 1700 nm we obtained images of 

tubules and actin with a two-photon absorption (2PA) 

configuration (see Figure 5(b)). The image of nucleus has 

been only collected by adding the residual pump beam at 

1030 nm which corresponds to three-photon absorption 

(3PA) experiment (Figure 5(c)). Filters Semrock 469/35, 

Semrock 509/22 and Semrock 607/70 are used to select 

the fluorescence coming from DAPI, Alexa 488, Alexa 

568 respectively. In such configuration and by using this 

multimode optical fiber details as small as 1.2 µm have 

been observed by lighting the sample with an infrared 

beam (1100-1700 nm): this corresponds, on average, to a 

resolution close to the wavelength dimension (Figure 

5(d)), which is only twice times larger than the half-

wavelength minimum resolution reported with a single-

mode polychromatic beam.[4] 

 
Fig. 5. (a) Broadband spectrum with the two filtered 

parts used for nonlinear fluorescence imaging. (b) 2PA 

images of actin (red), tubules (green) and superimposition 

of both images (bicolor image). (c) 3PA images of nucleus 

excited with the residual pump beam at 1030 nm. (d) 

resolution of our system, evaluated with the observation 

of the smallest element clearly visible on multicolor 

image   
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