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Luminescence and photoinduced absorption

in ytterbium-doped optical fibres
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A.A. Umnikov, M.V. Yashkov, A.N. Gur’yanov, E.M. Dianov

Abstract. Photochemical reactions induced in the glass network of
an ytterbium-doped fibre core by IR laser pumping and UV irradia-
tion have been investigated by analysing absorption and lumines-
cence spectra. We have performed comparative studies of the pho-
toinduced absorption and luminescence spectra of fibre preforms
differing in core glass composition: Al,O3:Si0,, AL, O3: Yb,05:Si0O,,
and P,05:Yb,03:Si0,. The UV absorption spectra of unirradi-
ated preform core samples show strong bands peaking at 5.1 and
6.5 eV, whose excitation plays a key role in photoinduced colour
centre generation in the glass network. ‘Direct” UV excitation of
the 5.1- and 6.5-eV absorption bands at 244 and 193 nm leads to the
reduction of some of the Yb>* ions to Yb?*. The photodarkening of
ytterbium-doped fibres by IR pumping is shown to result from oxy-
gen hole centre generation. A phenomenological model is proposed
for the IR-pumping-induced photodarkening of ytterbium-doped
fibres. The model predicts that colour centre generation in the core
glass network and the associated absorption in the visible range
result from a cooperative effect involving simultaneous excitation
of a cluster composed of several closely spaced Yb3* ions.

Keywords: ytterbium-doped optical fibre, photodarkening, pho-
tochemical reactions, cooperative luminescence, oxygen hole
centres.

1. Introduction

The IR-pumping-induced increase in optical loss (photodark-
ening) in ytterbium-doped active optical fibres plays a critical
role in limiting the service life of ytterbium fibre lasers and
amplifiers. The photodarkening effect was first found in fibres
doped with thulium [1] and terbium [2], and the first study of
photodarkening in ytterbium-doped fibres was reported in
2005 by Koponen et al. [3], who showed that the photodark-
ening in the spectral range of ytterbium pumping and lumi-
nescence (900—1100 nm) was mainly due to the influence of
the long-wavelength edge of the photoinduced absorption,
with a peak below 600 nm. In 2007, Morasse et al. [4] showed
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that the long-wavelength absorption edge belonged to a
broad band centred near 450 nm and that the photoinduced
absorption spectra of fibres after IR pumping and UV expo-
sure were essentially identical in shape. In nearly the same
years, Koponen et al. [5—7] showed for the first time that the
rate and maximum magnitude of photodarkening in
IR-pumped ytterbium-doped fibre depended on the Yb3*
excited state population (inversion level). Analysis of the pho-
toinduced absorption as a function of time and pump inten-
sity led Koponen et al. [S—7] to assume that interaction
between six to eight (on average, seven) excited Yb>* ions was
needed to produce one network defect responsible for the
absorption in the visible range.

In 2006-2007, at least two more groups focused on the
kinetics of IR-pumping-induced absorption in ytterbium-
doped fibres. In 2007, Jetschke et al. [§] and Shubin et al. [9]
reported their findings on photodarkening kinetics in fibre
cores differing in ytterbium concentration. Following
Koponen et al. [5-7], they relied on the assumption that
cooperative interaction of excited Yb3* ions played a key role
in initiating the photochemical reactions behind the forma-
tion of network defects responsible for the absorption in the
visible range. There are, however, widely different estimates
for the number of interacting ions needed for defect genera-
tion. According to Shubin et al. [9], the photodarkening rate
varies as the fifth power of the excited Yb** concentration,
and five, rather than seven [5—7], ions should interact to pro-
duce one network defect. At the same time, according to
Jetschke et al. [8] the mean number of simultaneously inter-
acting ions is even smaller: just three or four ions per defect.
Note, however, that neither the mechanism of the interaction
nor the nature of the defects involved has been discussed in
detail in Refs [5-9].

Nevertheless, the first attempts to interpret photodarken-
ing in ytterbium-doped fibres in terms of particular photo-
chemical reactions and colour centres in the core glass were
made at nearly the same time when this effect attracted
increased interest: in 2006—2007. In those years, research
emerged that focused on analysis of the photodarkening
mechanism in terms of glass network elements and defects. In
particular, Jasapara et al. [10] and Engholm and Norin [11]
were the first to hypothesise that the effect was due to photo-
chemical reactions involving not only trivalent but also diva-
lent ytterbium (Yb?>* ). There is another, no less widespread,
opinion [12—14], that a key role is played not by Yb*' ions
but by oxygen-deficient centres (ODCs). Thus, there are cur-
rently at least two radically different approaches to interpret-
ing the photodarkening effect. Unfortunately, both are inca-
pable of accounting for all experimental data available in the
literature.
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Table 1. Main characteristics of the samples.

Sample Al,O5 content (mol %) P,O5 content (mol %) Yb content (wt %) Core—cladding index difference
A0 1.8 0 0 0.0045

Al 2.3 0 1.5 0.007

Pl 0 6.5 1.1 0.006

Starting in 2008, intensive research effort has been con-
centrated on approaches that would allow the photodarken-
ing loss to be completely eliminated or at least minimised. It
has been shown that the photoinduced absorption can be
reduced severalfold or even by an order of magnitude in fibres
having a multicomponent core [15, 16] or loaded with molec-
ular hydrogen [17] and also by heating the fibre to ~600 K
[17-19]. Detailed analysis of such results provided consider-
able insight into the defect structure. In particular, the photo-
induced absorption in the visible range was identified as due
to ODCs [17]. Nevertheless, the mechanism of the visible—IR
absorption induced in ytterbium-doped fibres by prolonged
IR pumping and that of its relaxation are still poorly under-
stood.

In this paper, we propose a model, common to ytterbium-
doped alumino- and phosphosilicate fibres, for colour centre
generation in core glass by IR pumping (920-980 nm) or UV
exposure (below 250 nm). The model was derived by analys-
ing reported and experimentally determined initial and pho-
toinduced absorption and photoluminescence spectra of
ytterbium-doped fibres and preforms differing in core glass
composition.

2. Experimental

Fibre preforms were produced by MCVD and were then
drawn into multimode fibres 125 um in outer diameter. The
preforms and fibres were divided into three groups, depend-
ing on the core glass composition: A0, aluminosilicate glass
(AL,O;:S10,); Al, ytterbium-doped aluminosilicate glass
(A1,05:Yb,05:Si0,); and P1, ytterbium-doped phosphosili-
cate glass (P,Os5:Yb,05:Si0,). The chemical composition of
the preforms was determined with an accuracy of 0.1 wt % on
a JEOL JSM-5910LV equipped with an X-ray microanalysis
system. It is important to note that, in contrast to previous
studies, we did not use GeCl, in any of the preform fabrica-
tion steps, so the presence of GeO, in the core glass network
in our samples can be completely ruled out. The refractive
index profiles across the preforms were obtained with a York
Technology P102 preform analyser. The refractive indices of
the core and cladding were determined with an accuracy of
0.0005. The chemical compositions and index contrasts of the
preforms are given in Table 1.

Initial and photoinduced absorption spectra in the UV
and visible spectral regions (190—800 nm) and luminescence
spectra were taken using 0.2-, 0.5- and 1-mm-thick transverse
sections of the preforms. In addition, we measured visible

Table 2. Preform and fibre irradiation conditions.

absorption spectra of 5- to- 50-cm-long fibres. The absorp-
tion spectra of the preforms were obtained on a PerkinElmer
Lambda 900 spectrophotometer, and those of the fibres were
taken with a measuring system built around an MDR-6
monochromator (LOMO PLC). Luminescence spectra were
measured on an Ocean Optics QE65000 minispectrometer in
the range 200—1000 nm and on a Hewlett-Packard Model
70950B optical spectrum analyser in the range 900—1100 nm.

The preforms were irradiated by focusing a laser beam
onto the core area, and the fibres, by launching a beam into
their core. The irradiation conditions are summarised in
Table 2. Note that the transverse sections of the preforms
were irradiated in the UV spectral region (lasers L1 and L2),
and the fibres, in the visible and IR (lasers L3 and L4). Since
the pump diode laser L4 had an output fibre pigtail, its beam
was coupled into the fibre core through a fusion splice. During
irradiation, the luminescence of the preform or fibre was
detected at 90° to the beam direction using a multimode silica
glass (KU-1) core fibre coupled to a spectrometer (spectrum
analyser).

All irradiations, as well as the luminescence and photoin-
duced absorption measurements, were performed at room
temperature (~300 K).

3. Results and discussion

Figure 1 presents the absorption spectra of the Yb,O3-doped
preforms (Al and P1) before irradiation. Note that the
absorption in samples A0 in the spectral range represented in
Fig. 1 was negligible (within 0.1 cm™). Therefore, ytterbium
doping of the core glass increases the absorption in the UV
spectral region by more than two orders of magnitude.
Moreover, the transmission spectrum of preforms A1 shows a
prominent absorption band peaking at ~5 eV (240 nm),
whereas the spectrum of samples P1 contains no such band.
Analysis of the absorption spectrum by standard fitting with
Gaussians [20] showed that the optical loss spectrum of sam-
ples Al in the range 180—400 nm consisted mainly of two
absorption bands, peaking at 5.1 and 6.5 eV. Using the same
fitting procedure for modelling the absorption spectrum of
samples P1, we identified an absorption band peaking at
6.7eV.

There are currently several hypotheses as to the origin of
the 5-eV bandintheabsorptionspectra of Al,O3: Yb,05:SiO,
preforms. For example, Yoo et al. [12] assigned this band
to ytterbium-related ODCs (Yb—YDb centres), which were
assumed to be present in the glass network by analogy

Source Wavelength/nm Photon energy/eV Intensity/W cm™ Fluence/J cm™
CL-5000 ArF laser (L1) 193 6.4 107 3x102

Spectra Physics 2040E

Ar* laser (L2) 244 5.1 10 10°

Spectra Physics 165

Kr* laser (L3) 476 2.6 3x10° 108

EM4 diode laser (L4) 920 1.35 4% 10* 2x 108
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Figure 1. Initial transmission spectra of samples Al and P1 in the UV
and visible spectral regions. The solid lines represent experimental data
and the dashed lines represent the Gaussian components of the spectra.

with the structure and properties of germanium-related
ODC:s in the germanosilicate glass network. Such centres
can be described in terms of the neutral oxygen vacancy
model [21]. The 5-eV band was also attributed to ODCs
by Dragicet al. [13] and Carlson et al. [14], but they thought
the ODC:s to be related not to ytterbium but to germanium
or silicon [22].

There are, however, other interpretations of the UV
absorption spectrum of ytterbium-doped silica glass. For
example, in their studies of photodarkening in ytterbium-
doped fibres, Engholm et al. [23-26] criticised the hypothesis
that the 5-eV band was due to ODCs and assigned the UV
absorption in the range 180-400 nm to di- and trivalent ytter-
bium ions (Yb>" and Yb**). In particular, the absorption near
240 nm was thought to be contributed primarily by two
bands: an Yb3* charge transfer (CT) band and a band due to
the transition of the Yb>* ion from the 4f'* to the 4f!35d state.
This assumption was based mainly on comparison of the
observed absorption and luminescence spectra of the fibres
with the spectra of ytterbium-doped crystals [27, 28].

It should be noted that the UV absorption spectrum of
Yb?* in silica glass shows not only the 240-nm band but also
three other, weaker bands: 400 (3.1 eV), 330 (3.8 e¢V) and
300 nm (4.1 eV) [29, 30]. It follows from analysis of the spec-
tra reported by Kovaleva et al. [29] and Kirchhof et al. [30] for
silica glass whose network initially contained some of the
ytterbium ions in the form of Yb?* that the 400-nm band was
more than one order of magnitude weaker than the 240-nm
band and that the 330- and 300-nm bands were, respectively,
about a factor of 7 and 3 weaker than the 240-nm band. At
the same time, the absorption spectrum of sample Al (Fig. 1)
has only one band, peaking at 240 nm, and there is nearly zero
absorption at wavelengths above 350 nm. Thus, it seems
likely that, before irradiation, the glass network in our sam-
ples contained no Yb?*, and all the ytterbium was present in
the form of Yb3*.

In contrast, irradiation (especially that with high-energy,
UV photons) produced spectral changes that suggested that
some of the Yb3" ions converted to a divalent state. In par-
ticular, the luminescence spectra of samples Al and P1 con-
tained a strong band centred at 550 nm [Fig. 2, spectra (/—4)],

attributable to a transition of Yb** from the charge transfer
state to a 4f'* state [31]. Moreover, the 550-nm (2.3-eV) band
in the spectra of our samples may be due to Yb>* radiative
relaxation from the charge transfer state to the 2F s, level,
corresponding to a lower energy excited state [32, 33].
According to the assignment by Guerassimova et al. [32] and
Krasikov et al. [33], the bands at 3.6 and 3.2 ¢V in the lumi-
nescence spectra of samples Al and P1 are then also due to
Yb?* radiative relaxation from the charge transfer state, but
to the 2F -, ground level. They pointed out that some of the
UV-excited Yb** ions formed centres with Yb** instead of
relaxing to their initial state. According to Nizamutdinov et
al. [34] and Kazcmarek et al. [35], the conversion of some of
the excited Yb** ions to Yb?* is caused by the capture of con-
duction band electrons.

The Yb**—YDb?* conversion process seems to be contrib-
uted by the UV ionisation of ODCs near ytterbium atoms, as
evidenced by the strong luminescence bands at wavelengths
under 400 nm (Fig. 2). These bands are particularly promi-
nent in the luminescence spectrum of undoped SiO, [Fig. 2,
spectrum (6)]. Fitting this spectrum with Gaussians (Fig. 2,
inset) demonstrates that it consists of two components, cen-
tred at 4.1 and 3.2 eV. The 4.1-eV band corresponds to the
luminescence of well-known silicon-related ODCs [22], and
the 3.2-eV band is due to ODCs ‘modified’ by neighbouring
aluminium, phosphorus or fluorine atoms [36].

It seems likely that most of the UV-excited Yb>" ions
merely relax to the ground state and that the relaxation pro-
cess is accompanied by IR luminescence (Fig. 3). Its spectrum
is very similar to the emission spectrum of ytterbium-doped
fibres under excitation in the range 920-980 nm [37, 38].
Figure 3 shows only IR luminescence spectra under excitation
by laser L1 (193 nm) because the spectra of samples Al and
P1 under excitation at 244 nm (laser L2) were identical in
shape to spectra (/) and (2) in Fig. 3.

When samples Al and P1 were irradiated with laser L4
(920 nm), we observed, in addition to strong Yb>* IR lumi-
nescence, a ‘green’ luminescence centred around 500 nm. This
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Figure 2. UV to visible luminescence spectra under excitation with dif-
ferent sources: (/) sample P1, excitation with laser L1; (2) P1, L2; (3)
Al, L1;(4)Al,L2;(5) Al, L4; (6) undoped preform (pure SiO,), L1.
Inset: decomposition of spectrum (6) into Gaussian components.
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Figure 3. IR luminescence spectra of samples Al and P1 under excita-
tion with laser L1.

luminescence is known as cooperative ytterbium lumines-
cence [39] because it is commonly assigned to the interaction
between two Yb?* ions (ion pairs’) [40—42]. According to
Guzman-Chavez et al. [43], this interaction can initiate partial
Yb** conversion to Yb?*, like in the case of UV exposure.
Analysis of the spectra in Fig. 2 shows however that the
reduction of Yb** to Yb?* under UV irradiation is accompa-
nied by the ionisation of ODCs, which act as an extra source
of conduction band electrons. Under 920-nm irradiation, UV
luminescence, indicative of processes related to ODC ionisa-
tion, was not detected. Thus, the Yb* — Yb*" conversion
intensity under IR excitation seems to be far lower than that
under UV irradiation. Moreover, it is seen in Fig. 2 that the
Yb**-Yb** cooperative luminescence peak position [spec-
trum (5)] essentially coincides with the peak position of the
luminescence related to Yb?* or Yb** radiative relaxation
from the charge transfer state [spectra (/—3)]. Therefore, the
weak charge transfer luminescence signal is difficult to detect
in the presence of strong ion-pair luminescence under IR exci-
tation (and conversely, the cooperative luminescence signal is
difficult to detect in the presence of strong charge transfer
luminescence under UV excitation).

Nevertheless, we tried to detect luminescence related to
the Yb**— Yb?* conversion process not via excitation of the
Yb** IR absorption band but via ‘direct’ excitation of
Yb**— Yb** ion pairs by a visible light source with a wave-
length close to that of the absorption band of ion pairs
(472 nm) found by Kir’yanov et al. [42]. Note that a similar
experiment had been carried out previously [42-44].
According to Kir’yanov et al. [44], the spectrum of samples
exposed to an Ar" laser beam (488 nm) shows both visible
(centred at A ~480 nm) and IR luminescence bands, due to ion
pairs and single Yb** ions. Moreover, in the spectral range
600-900 nm, Kir'yanov et al. [44] detected a broad (~200
nm), weak luminescence band, which was tentatively attrib-
uted to the Yb?" ions resulting from the Yb**— Yb>* conver-
sion process.

Using the experimental procedure described by Kir’yanov
et al. [44] and laser L3 (476 nm), we attempted to reveal lumi-
nescence related to the excitation of ion pairs in our samples.
However, neither visible not IR luminescence characteristic
of Yb** was detected, even though the efficiency of the action

of photons with A = 476 nm (very close to the peak absorption
wavelength) on ion pairs should markedly exceed that of 488-nm
radiation, used by Kir’yanov et al. [44]. Thus, the lumines-
cence spectrum we observed differs qualitatively from the
spectra reported in Ref. [44], and this can be accounted for by
either the considerably higher (by more than one order of
magnitude) concentration of Yb**—Yb3* ion pairs in the core
glass in Ref. [44] or the presence of other rare-earth ions, e.g.
Tm3*, capable of sharply raising the photosensitivity in the
visible range [45, 46].

In addition to the luminescence spectra, we examined
photoinduced absorption spectra of samples irradiated at the
same wavelengths as were used to excite their luminescence.
Figure 4 shows the absorption spectra of samples A0, Al and
P1 after irradiation at 920 [spectrum ( /)], 244 [spectrum (2)]
and 193 nm [spectra (3-35)]. Irradiation at 476 nm produced
no changes in the absorption spectra of our samples. Nor
were any significant changes detected in the absorption spec-
trum of sample A0 or P1 after irradiation at 920 or 244 nm.
The lack of photoinduced absorption in samples AO after
irradiation at 244, 476, and 920 nm is mainly due to the high
transmission of undoped aluminosilicate glass at wavelengths
above 200 nm. By contrast, irradiation of samples A0 at A =
193 nm gives rise to absorption bands due to photoinduced
defects (colour centres) in the glass network. In particular,
analysis of the shape of spectrum (4) in Fig. 4 and compari-
son with published data for colour centres in aluminosilicate
glass [47, 48] allowed us to identify five photoinduced absorp-
tion bands, centred at 2.3, 3.2, 4.1, 5.5and 5.7 eV.

The 2.3- and 3.2-eV bands correspond to aluminium—oxy-
gen hole centres (Al-OHCs), the 4.1-eV band is due to the
aluminium electron centre (AIE’), and the closely spaced
bands at 5.5 and 5.7 eV arise from two types of silicon elec-
tron centres (SiE’, and SiE’). These colour centres and the
corresponding absorption bands seem to emerge upon irra-
diation of samples A1, which differ from samples A0 in that
their glass network contains ytterbium ions. For example,
analysis of the shape of spectra (/—4) in Fig. 4 from 400 to
700 nm demonstrates that AI-OHCs and the associated
absorption result from both UV and IR irradiations. At the

Wavelength/nm
200 400 600 800
40 T T T T -
‘\g 350 , =4 1.6 é
a <3
5 e S 1038 2
3 15l SR o &
= - 0.6
£ 10r \ Ho4
g 0.5 F -"':;;.___- 02
0 7 =0
0.5+ +4-0.2
1.0 1 1 1 1 1 1 1 1 1 0.4
6.5 6.0 55 50 45 40 35 3.0 25 20 15

Energy/eV

Figure 4. Photoinduced absorption spectra after irradiation of the sam-
ples with different light sources: (/) sample Al (fibre), irradiation with
laser L4; (2) A1, L2;(3) Al,L1;(4) A0, L1;(5) P1, L1.
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Figure 5. Model of colour centre generation in the Al,05: Yb,05:SiO, glass network by IR pumping and UV irradiation.

same time, there are a number of distinctions between the
photoinduced absorption spectra of samples A0 and Al. In
particular, the spectrum of sample A1 after irradiation at A =
193 nm [Fig. 4, spectrum ( 3)] shows a strong band peaking at
~5.2 eV, in contrast to the spectrum of sample A0 after irra-
diation under the same conditions. Analysis of the present
luminescence spectra and the hypotheses set forth by Engholm
et al. [23] and Kazcmarek et al. [35] lead us to assume that this
band is due to the Yb>" ions resulting from the Yb3*—Yb**
conversion by high-energy (6.4 ¢V) UV photons.

It is of interest to compare the photoinduced absorption
spectra of samples Al and P1 after irradiation at 193 nm
[Fig. 4, spectra (3, 5)]. According to Hosono et al. [49], 193-
nm irradiation of phosphosilicate glass produces phospho-
rus—oxygen hole centres (P-OHCs), which have two absorp-
tion bands in the visible range, centred at 2.2 and 3.2 eV. It
seems likely that such centres are also produced by UV irra-
diation in the glass network of samples P1 and that the similar
optical properties of the aluminium—oxygen and phospho-
rus—oxygen hole centres are responsible for the similarity
between the photoinduced absorption spectra of samples A0,
A1l and PI in the range 400—800 nm. Moreover, we assume
that P-OHCs and their absorption bands may also result from
IR irradiation and that this absorption underlies the photo-
darkening of ytterbium-doped phosphosilicate fibres studied
previously [9, 17]. Note, however, that the absorption induced
in P,Os5:Yb,05:Si0, fibres by IR irradiation is an order of
magnitude weaker than that in Al,O3:Yb,05:SiO, fibres,
which can be accounted for under the assumption that the
5.1-eV absorption band, missing in the spectra of samples P1,
is mainly due to the oxygen hole centres produced in the glass
network by IR irradiation.

We propose here a phenomenological model of colour
centre generation in the glass network of an ytterbium-doped
fibre core by IR or UV irradiation. In Fig. 5, the model is
represented as a diagram of possible photochemical reactions
in Al,O;: Yb,05:Si0, glass. We assume that the Yb3* - Yb3*
ion pairs include centres responsible for the absorption bands

at 5.1 and 6.7 eV [the corresponding transitions in Fig. 5 are
designated as transitions to the Yb(I) and Yb(II) levels]. Ishii
[50] presented theoretical calculation results for the ground
and excited states of a close analogue of ion pairs in the glass
network: an Yb**—O-Yb** dimer in Y;Al;0;, and Y,04
crystals. According to his calculations, this complex in an
excited state has absorption lines at 20 000 cm™ (2.5 eV).
Based on his numerical modelling results, we assume that
excited ion pairs in the Al,O3: Yb,05:SiO, glass network also
produce a system of levels near 2.5 eV. Thus, according to this
hypothesis and ion pair models described in Refs [42, 50],
simultaneous excitation of two closely spaced ion pairs may
lead to absorption of the net energy of one ion pair (2.54 V)
by the other pair. Since the net energy is then 5.08 eV, it is
possible to excite a level of the centre responsible for the 5.1-eV
band.

The addition of the energies of two ion pairs is equivalent
to the action of a UV photon on the glass network, which may
lead to rearrangement of the bonds between ytterbium atoms
and their nearest neighbour environment, in particular to the
formation of E’ electron centres, AI-OHC hole centres, and
Yb?*. It seems likely that three simultaneously excited ion
pairs may interact in the same way, which would be sufficient
to excite a 6.7-eV level, even though the probability of ‘coop-
erative’ interaction between three ion pairs (six closely spaced
Yb** ions) should be considerably lower than that of interac-
tion between two pairs (four Yb** ions) because, most likely,
it depends significantly on both the initial ytterbium concen-
tration in the glass network and the percentage of ions in an
excited state (in other words, on the 2Fs, inverted popula-
tion).

Since the absorption spectrum of samples P1 shows no
band at 5.1eV, photochemical reactions in the P,O5:Yb,05:SiO,
glass network can only be initiated by interaction between
three (or more) closely spaced ion pairs. Then, when applying
the scheme of photochemical reactions in Fig. 5 to the
P,05:Yb,05:Si0, glass network, the Yb(I) level (5.1 eV)
should be deleted, and all the changes in glass network repre-
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sented in Fig. 5 (formation of Yb?*, oxygen hole centres and
E’ centres) will only be related to the excitation and relaxation
of the Yb(II) level (6.7 eV).

4. Conclusions

We have studied the absorption spectra of preforms and
fibres differing in core glass composition: Al,O3: Yb,05:SiO,
and P,Os5:Yb,05:Si0,. The UV absorption spectra of unir-
radiated samples showed two main bands, peaking at 6.5 and
5.1 eV. The 5.1-eV absorption band was missing in the spec-
trum of the P,Os:Yb,05:Si0, samples, whereas the 6.5-eV
band was present in the spectra of samples with both compo-
sitions.

The luminescence spectra obtained under IR and UV
excitation are analysed and compared. Under UV excitation,
we observe a strong band centred at 2.3 eV, indicative of the
reduction of some of the Yb?* ions to a divalent state (Yb>").
Most of the UV-excited Yb3* ions relax, which is accompa-
nied by IR luminescence with a peak emission wavelength of
975 nm (1.27 eV), characteristic of trivalent ytterbium.

Analysis of photoinduced absorption spectra indicates
that the excitation of the 5.1- and 6.5-eV absorption bands by
UV laser radiation at 244 and 193 nm leads to photoinduced
absorption in the visible range, similar in shape to that under
920-nm irradiation. It has been identified as due to alumin-
ium—oxygen or phosphorus—oxygen hole centres (AI-OHCs
and P-OHCs), depending on glass composition.

The proposed phenomenological model for the
IR-pumping-induced photodarkening of ytterbium-doped
fibres predicts that colour centre generation in the glass net-
work (Yb?*, oxygen hole centres and E’ centres) and the asso-
ciated absorption in the visible range result from a coopera-
tive effect involving simultaneous excitation of several closely
spaced Yb** ion pairs and subsequent excitation energy trans-
fer to the transitions responsible for the absorption bands at
S5.1and 6.5eV.
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