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The present paper is focussed on the search of technology of new kinds
of optical fibers characterised by good magnetooptical properties. The elab-
orated optical fibres are to apply in optical sensors of electric current and the
magnetic field. In result of these researches and analyses a new optical fibre
was put forward. Such optical fibers were designed, produced and subjected
to extensive tests. This paper presents the results of investigations that were
carried out as well as the parameters of the tested structures.

PACS numbers: 42.81.Pa, 42.81.-, 42.81.Qb

1. The technology of new type of optical fibers
with good magnetooptic properties

Chemical syntheses of optical glasses were realised in an electric furnace at
a temperature of 1550°C in argon atmosphere. As basic technological substrates
raw oxide materials were used (4 N). The melting processes of glasses were realised
in platinum crucibles, during 1.5 h, pouring melted glass into a warmed mould.
Such produced glasses were unstressed at a temperature of 400-450°, depending on
their chemical composition. As a glassy matrix for projecting fibres a silica glass
was used modified by the following oxides: PbO, Al,O3, B2O3, NasO, Ko0 [1-4].
The glass forming regimes at respective components of the investigated structures
comprised: SiOz (55-70 mol%), PbO (8-20 mol%), AloO3 (6-10 mol%), B20Og3
(1-5 mol%), NayO (5-8 mol%), K20 (4-7 mol%).

The amorphism of the glasses was tested by X-ray diffraction. The ther-
mal properties of elaborated optical glasses were tested by means of the thermal
differential method (differential scanning calorimetry, DSC) (making use of the
Setaram Labsys Model). Samples of the obtained glasses with a mass of 50 mg
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were heated in platinum crucibles at a rate of 10°C/min rate in argon atmosphere
from room temperature to 1100°C. The capacity of the glasses to crystallisation
was determined by means of the value of crystallisation temperatures. Measure-
ments of the thermal expansion coefficient were carried out on samples with the
dimensions 5 x 5 x 20 mm?, heated from room temperature to 600°C at a rate of
10°C/min. The densities of the glasses were determined by hydrostatic weighing.
The microhardnesses of the glasses were obtained by means of the Vickers method
measuring the parameters of the imprint of the diamond pyramid by loading it for
5 s by 100 g loading in a tested sample. In polished glass samples with the dimen-
sions 10 x 10 x 2 mm? the transmission of light was tested in the spectral range
0.2-1.1 pm by means of a monohromator of the OL-750 type with a detector of
the type Silicon HSD-300. The refractive indices of the tested glass samples were
obtained using a refractometer of the type Metricon Model 2010/M.

Single mode optical fibres were produced applying the crucible method. In
the core and the cladding of the produced optical fibres there were applied glasses
with refractive indices n, = 1.6195 i n, = 1.6190, respectively. The composition
of the glass of the cladding is a modified composition of the core glass, changing
the percentage of PbO/AlyO3 in order to reduce the value of its refractive index.
Thus the core and cladding glasses possessed similar technological properties, such
as viscosity and the thermal expansion coefficient, which guarantees minimum
internal stresses in the elaborated fibres.

Light attenuations into optical fibres were determined for the wavelength
632.8 nm. The mechanical endurance of optical fibres was characterised by de-
termining the Weibull distribution (for a series of 50 raptures) and at a minimal
bending diameter of the fibre [3, 5, 6].

2. Results of optical fibre investigations

The basic properties of the used glass of the type: SiOs—PbO—-Al;O3-B203—
NasO—-K5O are presented in Table 1.

TABLE 1
Properties of the glass.
Parameters Range
density [g/cm?] 3.78-3.8
microhardness [GPa] 8.9-9.2
refractive index (for 632.8 nm) 1.617-1.6195
transmission of light [pm)] 0.4-2.8

The spectrum of transmission of the elaborated glasses was determined ex-
perimentally within the range 380 =+ 1100 nm (Fig. 1). The optical transmission in
the glass plates amounted to about 95%, and their microhardness was ~ 9 GPa.
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These properties permit to apply this kind of glass for the production of optical
fibres.

100
90 -
80 -
70 -
60 -
- 50 -
40 -
30 -
20 |
10

0 T T T T T T

400 500 600 700 800 900 1000 1100
A [nm]

Fig. 1. Spectrum of transmission of the elaborated glass (for the 2 mm thickness of

samples).

The presented kinds of glass possessed the high refractive index values
(1.619), thanks to the modification of silica glasses by lead oxides. The obtained
glasses were used first of all for the production of single mode optical fibres. These
fibres must be modified by means of changing of a chemical composition of the
glasses applied in the production of fibres [7-9]. In our glasses the refractive in-
dices were modified by changing the percentage of the contribution of PbO/Al;O3
(Fig. 2).
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Fig. 2. Relation between the concentrations of AloO3 in the obtained glasses and their

refractive indices.

Besides adequate optical properties, optical fibres for sensor applications
must be characterised by very small mechanical stresses. Mechanical stresses de-
cide first of all about the random birefringent properties of the optical fibres. In
order to restrict the random mechanical stresses in optical fibre the used glasses
ought to be characterised by a high temperature of crystallisation (7). The tem-
perature T, ought to be much higher than the temperature of drawing of the
optical fibre. The DSC characteristic of the glass used as the core is presented
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in Fig. 3. The transformation temperature (7) for this glass is equal to 449°C
and a difference of specific heads, during the glass transformation is equal to
AC, =0.359 J g~ °C™L.

Heat Flow Endo Down
1

T A T N T T T 1
200 400 00 300 1000
Temperature ['C]

Fig. 3. The DSC characteristic of the core glass.

In the elaborated glasses, which were used in optical fibres, we did not observe
a tendency to crystallisation during the processes of drawing of optical fibers. The
value of the transformation temperature obtained experimentally corresponded to
the value of T, determined basing on the dilatometric analysis (Fig. 4).
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Fig. 4. Dilatometric characteristics of the core glass.

Table II presents the dilatation coefficients A and characteristic temperatures
(Ty — temperature of transformation, Ty — melting temperature) of core and
cladding glasses for the elaborated fibres. The dilatation coefficients A of these
gases are approximately equal to 85x10~7 1/K. For this reason, the obtained kinds
of glasses can provide optical fibres with very small stresses on the core-cladding
boundary [10-12].
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TABLE II
Thermal analysis of the core and cladding glasses for optical fibres.
Parameter ‘ Core glass | Cladding glass
Dilatometer
dilatation coefficients (in 100-400°C range) [10-7 1/K] 89 85
temperature of transformation T, [°C] 445 438
temperature of melting point Ts [°C] 535 500
DSC
temperature of transformation T, [°C] 449 ‘ 445

The glasses described above were used to obtain single mode fibres (at 633 nm
wavelength) with a refractive index of the core n > 1.6. In order to satisfy the
single mode condition for these fibres by the relatively high core diameter (12 mm)
a very accurate control of the difference between their core and cladding refractive
indices is required, which ought to be An = 0.0005. For the production of the
single mode fibres the crucible method was applied. During the fiber drawing
processes the viscosity of the glasses was 10*-10° dPa s, which corresponds to
the temperature ~ 910°C [4, 12]. Figure 5 presents the cross-section of a single
mode fibre. The experimental value of the attenuation coefficient of light « for
these elaborated fibers (determined by means of the cut method) for the waveguide
A =633 nm is equal to a = 0.1 dB/m.

Fig. 5. Cross-section of the elaborated optical fibre: An = 0.0005, external diameter

~ 150 pm, diameter of core &~ 12 pum, numerical aperture NA = 0.04.

Mechanical strength of the optical fibres was defined by determining
Weibull’s distribution for a series of 50 fibre raptures (Fig. 6). During the raptures
the mechanical stress in the fibres was ~ 121 N/mm? at the value 3.2 N of the
tensing force. The minimum bend radius, at which the fibers did not fracture, was
~ 3 cm.
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Fig. 6. Weibull’s distribution of fibre raptures.

3. Conclusions

The presented results of the new elaborated optical fibres seem to be promis-
ing. The fibres possess higher values of refractive indices and relatively good me-
chanical properties. The optical fibres are going to apply in optical sensors of
magnetic field and electric current. Preliminary investigations were still carried
out and will be published.
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