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Introduction

The authors reported that precise glass-ceramic cap-
illaries, which comnsist of Li,0-Al,0;-Si0, (LAS) sys-
tem, are obtained by redrawing crystallized preforms
(1). The capiliaries have good mechanical and chemi-
cal durability and are practically used for glass-ceramic
ferrules (GCF) of optical fiber connectors (2-4).

In optical communication networks, fixed optical
attenuators are widely used to control power level of
optical signals. An attenuator employing a cobalt ion
doped fiber (CoDF) has the advantage of excellent re-
sistance to high optical power input. However, this
attenuator has the disadvantage of instability of the
attenuation level in operating wavelength range. This
is due to the interference with optical signals (core
mode) by leaked light into cladding of CoDF (clad-
ding mode). In order to avoid this phenomenon, a
method employing special CoDF with double cladding,
which enables to trap the cladding mode, has been re-
ported (5,6). However, even in this case, the interfer-
ence by cladding mode is still the problem when higher
power is input or larger attenuation level is needed.

In this study, infrared optical properties of GCF were
investigated and the possibility of applying GCF to the
CoDF attenuators was discussed for the purpose of in-
creasing the stability of attenuator performance.

Reflectance at GCF / silica glass interface

The interference with the core mode by the cladding
mode will be avoided if the cladding mode can be emit-
ted out of CoDF. However, since CoDF is inserted into
the ferrules, the cladding mode is reflected toward CoDF
at the interface between CoDF and the ferrules. There-
fore, the reflectance at the interface must be small to
lower the interference. In order to know the reflectance
of cladding mode, refractive indices of GCF in infrared
region were measured by the minimum deviation angle

Table 1. Refractive indices of GCF and silica glass

Wavelength (nm) 1014 1129 1367 1530 1711
GCF 1.5296  1.5276  1.5231 1.5197 1.5154
Silica glass* 1.4502  1.4489 1.4462 14443 1.4421

*American institute of physics handbook third edition 6-28
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Fig.] Reflectance of the incident beams from silica glass to GCF and
ZrQO- ferrule

Rp : parallel component, Rs : vertical component

incident angle

method. The results are shown in Table 1 with those of
silica glass, which is the material of CoDF.
Reflectance of incident beam from silica glass onto
the surface of ferrules was calculated by Fresnel for-
mulae using the refractive indices in Table 1. The re-
sults at 1367nm are shown in Fig.l. The results
obtained with ZrO, ferrule, which has been conven-
tionally used for CoDF attenuator, is also shown. It
can be seen from the figure that the reflectance at GCF
surface is much smaller than ZrO, ferrule and is al-
most zero with incident angle of 70 degree or less. It is
also indicated the reflectance on GCF surface has no
dependence on polarized direction. That is to say the
cladding mode which incidents onto GCF with the
incident angle of smaller than 70 degree is emitted into
GCF without reflection. The same results were ob-
tained at the other wavelengths shown in Table 1.

Scattering coefficient of GCF

The cladding mode emitted to GCF should be decayed
out so that it does not return to CoDF. It is expected
that the light in GCF is decayed by scattering, because
GCF includes numerous crystals of B-spodumene solid



Table 2 Scattering coefficients and losses of GCF

Wavelength (nm) 1000 1300 1550
Scattering coefficients (/mm) 0.623 0.217 0.115
Loss (dB)* 54 19 10

*optical distance : 20mm

solution with the grain size of 500nm. Scattering coef-
ficients of GCF were calculated from Lambert’s law
through measurements of spectroscopic transmittance.
The results are shown in Table 2. The table shows that
the coefficients of GCF are quite larger than those of
normal non-crystalline glasses. Losses in light inten-
sity per 20 mm are also shown, because the ferrule
length of CoDF attenuators is generally around 20 mm.
Itis shown that the light propagating in GCF is strongly
decreased by scattering. The large scattering in GCF
is considered to be effective to prevent the interference
with the core mode by the cladding mode. The scat-
tered light will not return to CoDF because of the
greater refractive indices of GCF than those of silica
glass (Table 1).

It was observed that the scattering coefficients of
GCF vary in proportion to -3.7 power of wavelength.
This behavior i1s very similar to that of Rayleigh scat-
tering in spite of larger scatterer size (500nm) than
normal Rayleigh scattering. The cause of this phenom-
enon is still under investigation,

Performance of CoDF attenuator with GCF

In order to confirm that the optical properties of GCF
described above is useful for the stabilization of CoDF
performance, a CoDF attenuator with GCF was fab-
ricated. The dimensions of GCF used were 20 mm in
length and 2.5 mm in diameter. CoDF with 0.125 mm
in diameter was inserted into the center hole of GCF
(0.126mm in diameter) and fixed by a epoxy adhesive
with refractive index of 1.55.

The variations of attenuation level in the operating
wavelength range of the attenuator are shown in Fig.2.
It is obvious that the performance of the attenuator
with GCF is much stable compared with the conven-
tional attenuator with ZrO, ferrule. This means that
the interference with the core mode by the cladding
mode is effectively depressed by using

GCF instead of ZrO, ferrule. This effect is consid-
ered resulted from less reflection of the cladding mode
at CoDF/GCF interface and large optical loss in GCF.
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Fig2 Wavelength characteristics of CoDF attenuator with GCF and
Zr0O-

Conclusion

GCF, which consists of a LAS glass-ceramic, is non-
reflective to the incident beams from silica glass with
broad incident angle. It was also found that GCF has
large scattering coefficient which leads to large optical
loss. It was confirmed that these optical properties of
GCF in infrared region were effective for stabilization
of the performance of CoDF attenuators, because
GCF decreases the interference with the core mode by
the cladding mode. Since GCF has suitable mechani-
cal and chemical durability for the ferrules of general
optical connectors (1-3), it is expected that GCF can
be widely applicable to the ferrules of CoDF
attenuators.
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