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Heavy Metal Fluoride Glass Optical Fibers

Heavy metal fluoride (HMF) glasses have received a great deal of atten-
tion, since the early 1980's, as the new generation optical fibers. There
is better than an even chance that these materials will have an enormous im-
pact on the rare earth Industry in the mid-1990 to the end of this century.

The HMF glasses were discovered by accident by M. Poulain, J. Lucas and
co-workers at the University of Rennes in early 1974, when they tried to
prepare a compound containing ZrF,, BaF,, NaF and NdF, with the SmZrF, type
erystal structure. Later they noted that the transparency of these HMF
glasses extended into the infrared region. It was realized that these
glasses might make excellent ultralow-loss fiber optical materials.

Subsequent research showed that one of the better compositions is
ZBLAN: 532rF4-2GBaF2-&LaF3—3ﬁ1FE-EGNaF (in mol?). This material has a
predicted attenuation coefficient (also called the optical loss) of ~10~2
dB/km at 2.55 pm, which is about an order of magnitude lower than silica
glasses. An optical loss of 1 dB/km means that 1% of the inecident light is
transmitted through a 20 km length (the other 99% is lost), a 0.1 dB/km
value corresponds to a 1% transmission through 200 km. Furthermore, since
the HMF glasses have a lower refractive index the dispersion is lower.
Research is concentrating on getting ZBLAN materials purer in order to
attain the theoretical attenuation value. The best wvalues reported for the
optical loss are 0.9 dB/km at the Naval Research Laboratory (Washington, DC)
and 0.7 dB/km at NTT Laboratories (Japan). Values of ~4& dB/km are routinely
achieved. The theoretical limit is 0.035 dB/km, assuming the transition
metal ions (Fe?t, Co?* etc.) the lanthanide ions with unpaired 4f electrons,
and the hydroxyl ion (OH™) were present in concentrations of 0.1 to 5 ppb
(part per hillion). The worst ions (listed in order of decreasing
attenuation coefficient) at 2.55 um are: OH™, Cu?t, Nd3t, Sm3t and Fe?t.

If this theoretical wvalue were achieved, ZBLAN could be used to trans-
mit information over a distance of 1,500 km without a repeater, an improve-

y ment of a factor of ~6 over the best silica glass optical fibers. Other
potential uses, which are more likely to be commercially realized before the
I 1,500 km optical fiber cable, are listed below and exploit ZBLAN's transpar-
ency in the IR region: 1) prisms and lenses for use out to & = 10 pm; 2)

fiber optie waveguides for remote sensing and imaging out to 5 pm; 3) opti-
cal fibers for power delivery in the mid-IR range, e.g. HF laser at 2.5 um
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