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We report on measurements of intrinsic stress in preforms for high-power fiber-
lasers to investigate material properties. In contrast to simple stress models we
found no additive superposition concerning the generated stress by doping the
core with aluminum and phosphorus. This is also in agreement with measure-

ments of the refractive index profile, which also shows no additive properties.

1 Introduction

It is well known that thermal stress influences the
properties of optical fibers. This stress is caused by
variations of the thermal expansion coefficient of the
differently doped regions in the fiber, like core and
cladding. Simple stress models assume an additive
superposition of thermal stress for each dopant in
multiple doped glasses. In these simple models both
aluminum and phosphorus cause an increase in the
thermal expansion coefficient. That means that sam-
ples doped with one of these elements in the core
develop tensile stress in the core against the fused
silica cladding after cooling down to room tempera-
ture during the fabrication process.

We used a non-destructive polarimetric measure-
ment method to investigate the mechanical stress
properties of fiber preforms. In this method, the mea-
sured stress induced birefringence is used to calcu-
late the thermal stress in the samples [1].

2 Experiments

The active optical fiber preform samples were pre-
pared by a combination of MCVD and solution dop-
ing technique. In this process codoping with alu-
minum or phosphorus increases the solubility of yt-
terbium in the SiO. glass matrix. Using a combined
codoping with Al and P it is possible to realize Yb
doped laser fibers with a high laser efficiency, a low
numerical aperture and low photodarkening [2].

To investigate the influence of such an Al and P
codoping on the stress properties a series of pre-
forms with nearly constant Yb and Al and variation
of P content was prepared (Tab. 1). The active core
is surrounded by five slightly phosphorous doped
cladding layers. Fig. 1 shows the radial doping profile
of Yb, Al and P of sample #P1. The radial P doping
profiles of the series are shown in Fig. 2.

sample #P1 #P2 #P3 #P4
¢(Yb20s) [mol%)] 0.47 0.46 0.45 0.43
c(Al203) [mol%)] 4.7 4.6 4.5 4.3
¢(P20s) [mol%] 0.5 1.4 2.0 4.3

Tab. 1 Yb, Al, P content of different investigated samples.
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Fig. 1 Radial profile of the dopant concentration (Al, B Yb)

of sample #P1.
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Fig. 2 Radial P doping profile of different samples.
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3 Results

First we discuss the refractive index profiles of the
samples (Fig. 3). In the graph one can clearly see a
decrease in the refractive index of the core by adding
phosphorus. That means that there is no additivity of
the indices for combined doping with aluminum and
phosphorus [2].
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Fig. 3 Radial profiles of the refractive index of different
samples.

Additionally, we compare the axial stress profiles of
the preforms (Fig. 4). In the graph one can clearly
see the differently doped areas in the preform like
the core, the cladding layers and the fused silica
cladding. We find that the core is under tensile stress
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Fig. 4 Axial stress profile of differnt samples.

against the slightly phosphorus doped cladding lay-
ers, which are under compressive stress. On the sur-
face of the samples we find another area of com-
pressive stress that is caused by OH impurities re-
sulting from OH diffusion during the deposition and
collapsing process with an O,/H,-Burner.

Again, one can see a decrease of the axial stress in
the core by raising the phosphorus content toward
the amount of aluminum. It can be observed that
also for axial stress the effects of different dopants
are not combined additively. That means that dop-
ing with either aluminum or phosphorus increases
the coefficient of thermal expansion, but combining
both dopants leads to a thermal expansion coeffi-
cient that is closer to the value of fused silica than
expected from an additive model.

4 Conclusion

We found that adding phosphorus to an aluminum
doped core leads to decreasing intrinsic stress in the
glass material. The thermal expansion coefficient of
the aluminum doped core changes toward the fused
silica level by adding phosphorus. This is in contrast
to simple stress models where an additive correla-
tion of the thermal expansion coefficient for several
dopants is assumed. This gives us the possibility to
generate highly doped samples with very low ther-
mal stress.
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