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Abstract
A spectroscopic study of Yb3+ ions in YAl3(BO3)4 laser crystals is presented.
Polarized absorption and site selective spectroscopy experiments at low
temperature have been used to determine the presence of two different Yb3+

centres in this host crystal in the concentration range 0.2–9 at.%. The
contribution of these centres to the absorption spectra has been found to
be dependent on the total Yb3+ concentration, and the Stark energy level
diagrams corresponding to the different Yb3+ centres have been determined.
The importance of electron–phonon coupling in the optical transitions of Yb3+

ions has been also pointed out.

1. Introduction

Yb3+ ion is one of the most interesting optically active ions that can be used nowadays in a solid
state laser material. It shows several advantages over other trivalent rare earth ions which make
it especially attractive. Yb3+ ion has only two levels (2F7/2 ground and 2F5/2 excited states)
separated by an energy of around 10 000 cm−1, allowing optical pumping with commercial
diodes operating around 980 nm. Its small ionic radius (due to lanthanide contraction) is very
similar to that of Y3+ and leads to the possibility of obtaining high Yb3+ doping levels. The
electronic configuration of Yb3+ ion is 4f13, hence the 4f electrons are less shielded than in
other ions of the series, leading to important electron–phonon coupling [1, 2]. As a result,
Yb3+ ions show relatively broad absorption and emission bands, which offer the possibility
of infrared tunability and the generation of ultrashort pulses [3–5]. On the other hand, the
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Yb3+ ion presents a long radiative lifetime value and high quantum efficiency, so that the pump
induced crystal heating during laser operation is efficiently reduced. These features make Yb3+

an excellent laser emitting centre, and consequently, the study of nonlinear crystals as host
matrices for this ion is receiving considerable attention in order to develop small and compact
diode pumped solid state lasers emitting simultaneously in the near infrared and in the visible
spectral domain.

In this sense, yttrium aluminium borate YAl3(BO3)4 (YAB), has been demonstrated to be a
very good laser host crystal because of its good mechanical strength and thermal conductivity
among other factors [6–8]. Due to its excellent nonlinear coefficients, simultaneous laser
action in the red, green and blue regions have been previously reported in Nd:YAB under near
infrared pumping [9, 10]. In the case of Yb:YAB, efficient and tunable cw laser operation
at around 1040 nm has been demonstrated under diode pumping [11, 12] and additionally,
cw coherent green radiation inside the tunable range 513–546 nm has been obtained with a
high quality beam and high output power, 1.1 W. To the best of our knowledge, this value
corresponds to the highest green power achieved by a self-frequency doubling crystal [13].
More recently, laser light generation in the 560–570 nm yellow spectral region has also been
obtained in a coupled cavity Yb:YAB microchip laser [14, 15].

The spectroscopic studies on Yb:YAB have been mainly carried out at room temperature
in order to determine the main parameters involved in laser action [16]. However, in spite of the
great potential of this system, the information reported up to now on the low temperature (LT)
spectroscopy can be considered as preliminary. Several aspects concerning the LT absorption
spectra, such as their polarization character, the concentration effects, or a possible multisite
distribution, have not yet been, to the best of our knowledge, the subject of attention. Since
a deeper knowledge of the optical spectroscopy of this system is a fundamental key in the
understanding and future optimization of the infrared and visible laser gains, the purpose of
this paper is to obtain a deep insight into the optical spectroscopy of Yb3+ in YAB. LT polarized
absorption spectra have been studied for different Yb3+ concentrations, and by comparing the
LT σ and π absorption spectra, the character of the Stark sublevels corresponding to the
2F5/2 excited state has been determined. From the analysis of the LT absorption spectra, two
different Yb3+ centres have been detected, and their relative distribution has been determined
in a wide range of Yb3+ concentration (0.2–9 at.%). Site selective spectroscopy experiments
have confirmed the presence of these two centres and allowed the determination of the Stark
sublevels of the 2F7/2 and 2F5/2 states.

2. Experimental details

Different Yb3+:YAB single crystals were grown by spontaneous nucleation from K2Mo3O10

and B2O3 flux [17]. Yb2O3 was added to obtain different Yb3+ doping levels (see table 1).
The 1% and 5% doped crystals (Yb/Y%), were slightly co-doped with Nd3+ (0.2 and 0.1%
respectively) in order to analyse the effect of co-doping on the Yb3+ spectra. The actual Yb3+

concentrations in the crystals were determined by total x-ray fluorescence.
The LT absorption spectra were measured at 10 K with a spectroscopic system equipped

with a 300 W halogen lamp fitted with a 0.25 m Spex monochromator as the source, and a
1.26 m Spex monochromator with a EMI TE9684QB NIR extended photomultiplier to analyse
and detect the output radiation.

The luminescence spectra have been obtained by using an argon pumped Ti:sapphire laser
(Spectra Physics, model 3900) as the excitation source. The luminescence was detected using
a calibrated germanium detector or a cooled photomultiplier. The emitted light was focused
on the entrance slit of a monochromator (SPEX 500M) and recorded with an EG&G lock-in
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Table 1. Different samples used in this work indicating the nominal ytterbium to yttrium
concentration in the crystal.

Sample [Yb3+]/[Y3+] (%)

1 0.265
2 1 (0.2 Nd3+)
3 2.65
4 5 (0.1 Nd3+)
5 7
6 8.9

Table 2. Decomposition of the 2F7/2 and 2F5/2 states of Yb3+ free ion into D3 symmetry and the
electric dipole selection rules (double group notation).

Spherical symmetry D3 symmetry

2F5/2 2E1/2 + E3/2
2F7/2 3E1/2 + E3/2

Selection rules Polarization

E1/2 → E1/2 σ, π

E1/2 → E3/2 σ

E3/2 → E3/2 π

amplifier. The measurements at LT (10 K) were performed by using a Leybold–Heraeus closed
cycle He cryostat.

The resolution for the absorption and luminescence measurements was around 0.2 nm.

3. Results and discussion

3.1. Absorption spectra

The study of the LT (10 K) absorption spectra allows us to identify the position and character
of the crystal field transitions starting from the lowest energy Stark sublevel of the 2F7/2 ground
state up to the different Stark sublevels of the 2F5/2 excited state of Yb3+ ions in YAB.

YAB crystals belong to the trigonal system with space group R32 (huntite structure) and
cell parameters a = b = 9.295 Å and c = 7.243 Å [18]. In this host RE3+ ions usually enter
at Y3+ lattice sites with six-fold oxygen coordination and trigonal prismatic geometry with D3

point symmetry [19]. Within this consideration, it is expected that this D3 symmetry splits
the two free ion energy states, 2F7/2 and 2F5/2, into four and three doubly degenerate crystal
field levels (Kramer doublets), respectively, their character being E1/2 or E3/2, as follows from
group theory [20]. In particular, the 2F5/2 excited state splits into two E1/2 and one E3/2 doubly
degenerate levels, whereas the 2F7/2 fundamental state splits into three E1/2 and one E3/2 doubly
degenerate levels, as is summarized in table 2. In our case, the LT absorption spectra can be
well analysed on this basis.

Figure 1 shows the polarized absorption spectra of Yb3+:YAB (sample 3) obtained at LT
for two different configurations: σ configuration, with the electric field of the incoming beam
perpendicular to the c crystal axis of the sample, (E ⊥ c), and π configuration with the electric
field of the incident beam parallel to the c axis, (E ‖ c). The σ spectrum displayed in figure 1 is
consistent with the LT α spectrum (light beam parallel to the c axis of the sample) reported by
Földvári et al [21]. This fact confirms that the spectra are dominated by electric dipole induced
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Figure 1. (a) σ and (b) π polarized absorption spectra of Yb:YAB (sample 3) at liquid helium
temperature.

transitions, since the determinant feature to specify the selection rules is the orientation of the
electric field of the light beam relative to the c axis of the crystal. Information on the particular
character of the involved crystal field transitions can be obtained by comparing the LT σ and π

polarized spectra and by taking into consideration the electric dipole selection rules reported
in table 2.

The σ polarized spectrum in figure 1 shows three structured bands (absorption regions).
These structured bands can be associated with transitions from the lowest Stark level (0) of
the 2F7/2 ground state to the three Stark components (0′, 1′, 2′, in increasing energy order) of
the 2F5/2 excited state. They appear centred at 935 nm (0 → 2′), 975 nm (0 → 1′), and
981 nm (0 → 0′). By comparing the σ and π spectra a main feature is observed: the central
absorption band at 975 nm in the σ spectrum is strongly reduced (by a factor of 50) in the π

polarization, whereas the remaining bands are observed for both polarizations with comparable
intensities. Group theory can be applied to obtain the electric dipole selection rules, assuming
D3 symmetry. See table 2.

Taking into account those selection rules, the character of the three Stark sublevels of the
excited state, as well as that of the lowest Stark sublevel of the ground state, can be obtained.
Since there is not any pure π polarized transition, it can be concluded that the character of
the 2F7/2(0) Stark level of the ground state is E1/2 and those corresponding to the three Stark
sublevels of the 2F5/2 excited state are E1/2, E3/2 and E1/2, in order of increasing energy.

An inspection of the polarized absorption spectra reveals that the three transition regions
from the lowest energy Stark level do not correspond, in any case, to single lines.

Firstly, a clear structure and an important broadening are present in the
2F7/2(0) → 2F5/2(1′, 2′) transitions (peaking at 935 and 975 nm, receptively). This structure
can be related to vibronic transitions involving split components of the 2F5/2 excited state. As
pointed out in most of Yb3+ doped crystals, strong electron–phononinteraction takes place, and
the electronic transitions are accompanied by vibronic sidebands which in some cases could
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Figure 2. LT (10 K) σ -polarized absorption spectra of Yb:YAB for different Yb3+ concentrations.
Solid curve: sample 6; dotted curve: sample 3; dashed curve: sample 2; dotted–dashed curve:
sample 1. The inset shows a detail of the absorption spectra normalized at λ = 981.4 nm.

exceed and mask the zero-phonon transitions probabilities [22–24]. Secondly, a clear doublet
structure around 980 nm is observed in the spectra for both polarizations. Two sharp peaks,
located at 981.4 and 980.2 nm, appear in the region associated to the 2F7/2(0) → 2F5/2(0′)
transition. Some previous work [15, 21] have already evidenced this doublet structure, but up
to now its origin has not been determined. As will be shown later, this structure can be related
to the presence of different Yb3+ centres in the YAB crystal.

Finally, two very weak peaks at 975.2 and 969 nm (10 254 and 10 319 cm−1) emerge in
the π polarized spectrum (though they can be also masked in the σ spectrum). They could
be, in principle, due to the first and second phonon replica of the 2F7/2(0) → 2F5/2(0′) zero-
phonon low energy peak (10 188 cm−1), since the consecutive energy difference among them
is the same (65 cm−1) and selective excitation experiments have not shown different results.
Unfortunately, the detection of such a low energy lattice phonon in the Raman spectra has not
yet been reported due to the experimental limitations, and different techniques should be used
to confirm this assignment.

3.1.1. Concentration effects. The LT polarized absorption spectra have been studied in a
wide range of Yb3+ concentrations (see table 1). Figure 2 shows, for the sake of clarity, the
σ polarized absorption spectra obtained at LT (10 K) for just four of the different nominal
Yb3+ concentrations analysed in this work and corresponding to samples 1, 2, 3 and 6 listed
in table 1.

Before going into the effect of Yb3+ concentration on the absorption spectra, it is important
to determine the actual ytterbium concentration in the samples. Figure 3(a) shows the results
obtained from the total x-ray fluorescence analysis. As observed, a linear dependence on
the nominal ytterbium concentration is obtained in the whole range studied. The segregation
coefficient can be determined from the linear regression to be 0.92, very close to one, which
indicates the good incorporation of Yb3+ ions into the YAB host crystal.

On the other hand, figure 3(b) shows the total area under the LT σ absorption spectra as
a function of ytterbium concentration in the crystals, for all the samples used in this work.
Again, a linear dependence is obtained. This result can be a useful tool to determined Yb3+

concentration in the crystals from the absorption spectra.
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Figure 3. (a) Ytterbium concentration in melt versus ytterbium concentration in crystal; (b) LT
absorption area as a function of ytterbium concentration in the crystal.

The analysis of the absorption spectra as a function of the Yb3+ concentration dependence
reveals interesting information.

One of the most relevant results from figure 2 can be obtained from the behaviour of
the doublet structure around 980 nm, the 2F7/2(0) → 2F5/2(0′) transition. As a matter of
fact, the relative intensities of the two narrow lines peaking at 981.4 and 980.2 nm change
with ytterbium content in the samples. This can be clearly observed in the inset of figure 2
where a detail of the absorption spectra in the region associated with the 2F5/2(0) → 2F7/2(0′)
transition has been depicted by normalizing the absorption intensities to that of the stronger
peak at 981.4 nm. The different evolution of the two peaks with Yb3+ concentration indicates
that these two lines correspond to two spectroscopically non-equivalent active Yb3+ centres
in YAB crystal, hereafter labelled as Yb1 and Yb2, whose zero-phonon 2F7/2(0) → 2F5/2(0′)
transitions lie at 981.4 and 980.2 nm, respectively.

The absorption area of each one of these two (0) → (0′) transitions relative to the total area
of both zero-phonon lines has been plotted in figure 4 as a function of Yb3+ concentration in
the crystal. As can be observed, when increasing the ytterbium concentration, the relative area
of the zero-phonon line associated with the minor Yb2 centre increases, while that associated
with the major Yb1 centre decreases. This behaviour indicates that the incorporation of Yb3+

ions in YAB crystals is accompanied by changes in the occupancy distribution into Yb1 and
Yb2 centres. For the lowest concentration used in this work, the line associated with the Yb2
centre is hardly detected (see figure 2), and it is expected that for even lower concentrations
only Yb1 centres are present in this crystal. Additionally, the different techniques used during
the crystal growth process could also affect the relative Yb3+ distribution of the two centres
in these crystals. As an example, in the spectrum reported in [21], corresponding to a sample
of a different origin, the line associated with the Yb2 centre is the dominant one, opposite to
our case. Moreover, very recent electron paramagnetic resonance (EPR) results have shown
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Figure 4. Absorption area of the 2F7/2(0) → 2F5/2(0′) transitions for Yb1 (•) and Yb2 (◦)
centres relative to the total area of both transitions. The dotted curves are guidelines.

only one Yb3+ centre (yttrium site) for nominal concentrations of 0.01 Yb3+ atom per YAB
molecule in samples grown by the high-temperature top-seeded solution method [25]. Then,
the interest of the identification of different lattice centres could constitute a previous step to
control, during the growth process, the distribution of active centres in a host laser material of
high interest as is the YAB crystal.

It is important to mention here that, despite the fact that a two centre structure must be also
present for the remaining zero-phonon 2F7/2(0) → 2F5/2(1′, 2′) transitions, the complexity of
the spectra in those regions, due to the presence of phonon sidebands, makes impossible their
resolution. Additionally, and in agreement with that, the assignment of the characters of the
Stark sublevels of the 2F5/2 excited state of the previous section has been carried out on the
assumption that the main lines observed are those associated with the major Yb1 site. The
energy positions and characters of the Stark sublevels for the minor Yb2 centres could not be
obtained from the absorption spectra.

As far as the effect of Nd3+ co-doping, from the trend obtained in figures 2–4, it is clear that
for the adopted Nd3+ concentrations levels, the optical absorption of Yb3+ ion is not affected.
This is important from the viewpoint of using Nd:Yb co-doped crystals in which efficient
energy transfer has been reported previously by the authors [26].

Finally, some additional information on the Yb3+ incorporation can be obtained from the
evolution of the central 2F5/2(0) → 2F7/2(1′) absorption band in the σ spectra when the Yb3+

concentration is increased, as can be observed in figure 2. The intensity of the narrow line at
975.4 nm increases up to concentrations around 5 at.% from which a decrease is produced. This
reduction in intensity is accompanied by an increase of the width of this line. This behaviour
could be related to an increasing inhomogeneous broadening as a consequence of the disorder
induced by a higher Yb3+ content in the crystal.

3.2. Fluorescence spectra

Figure 5 shows the unpolarized LT (10 K) emission spectrum upon non-selective excitation
in the 2F7/2(0) → 2F5/2(2′) transition (935 nm). It consists of four main regions located at
around 980, 990, 999 and 1040 nm, which can be associated with the transitions from the
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Figure 5. LT (10 K) emission spectra of Yb:YAB crystal (sample 3) under excitation at λ = 935 nm.

lowest Stark energy level of the excited 2F5/2(0′) state to each one of the four Stark sublevels
of the 2F7/2 ground state.

The spectrum shows two well resolved narrow peaks at 981.4 and 980.2 nm, located at the
same energy positions as those detected in the LT absorption spectra at the 2F7/2(0) → 2F5/2(0′)
transition region. In fact, the emissions at 981.4 and 980.2 nm correspond to each of the zero-
phonon 2F5/2(0′) → 2F7/2(0) transitions of the two non-equivalent spectroscopically Yb1 and
Yb2 centres, respectively.

3.2.1. Site selective emission and excitation spectroscopy. In order to obtain additional
information, LT excitation spectra have been recorded in the region associated with the
2F7/2(0) → 2F5/2(1′, 2′) transitions. Figure 6 shows the results obtained for sample 3 when
monitoring at 981.4 and 980.2 nm, that is, those emissions related to the 2F5/2(0′) → 2F7/2(0)

transitions of the Yb1 and Yb2 centres, respectively. As can be observed, the spectra are
substantially different, which implies different energy level schemes for each Yb3+ centre. The
spectra have been normalized to the maximum intensity for the sake of clarity; the intensity of
the Yb1 centre is about ten times higher than for the Yb2 centre.

The excitation spectra corresponding to the Yb1 centre is in good agreement with the
absorption spectra shown in figures 1 and 2. This confirms the fact that the contribution of the
Yb1 centre dominates the absorption spectra (except for that well resolved line at 980.2 nm
associated with the minor Yb2) and corroborates that the character of the Stark sublevels
previously obtained from the absorption spectra is, in fact, associated with the Yb1 major
centre.

The excitation spectra monitoring the emission from the Yb2 centre (λem = 980.2 nm)
shows mainly two bands located at 964.5 and 932 nm. These bands can be related to the
2F7/2(0) → 2F5/2(1′, 2′) transitions from Yb2 centre, allowing the determination of the energy
positions of the Stark sublevels of the 2F5/2 excited state for this Yb2 centre.

Site selective emission spectroscopy at 10 K can be used to determine the energy sublevels
of the ground 2F7/2 state. Thermal population of the excited state Stark sublevels of the 2F5/2

is not expected at this temperature, which notably simplifies the spectra and allows us to obtain
better information on the optical transitions associated with each Yb3+ centre.
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Figure 7. LT (10 K) site selective emission spectra of Yb3+ ions in YAB crystal (sample 3).

Figure 7 shows the LT emission spectra associated with the 2F5/2 → 2F7/2 transition of
Yb3+ ions under excitation at the Yb1 centre (975 nm) and Yb2 (964.5 nm), according to
the excitation spectra. The spectra have been normalized to the intensity of the zero-phonon
(0′) → (0) line.

As expected, the main difference between those emission spectra is the different position
of 2F5/2(0′) → 2F7/2(0) transitions at 981.4 and 980.2 nm from the two Yb1 and Yb2 centres,
respectively. The remaining part of the spectra related to the 2F5/2(0′) → 2F7/2(1, 2, 3)

transitions show in principle a similar shape. Additionally, this region of the spectra is
very similar to that showed in the emission spectra of figure 5 where both centres were
simultaneously excited. From this fact, we can conclude again that, except for the 0′ → 0
lines, the main contribution to the emission spectra is provided from the major Yb1 centre.
The resolution of the particular 2F5/2(0′) → 2F7/2(1, 2, 3) transitions associated with the Yb2
centre appears as a difficult task, furthermore, if we consider that electron–phonon coupling
leads to important vibronic broadening of the optical transitions from Yb1, masking the lines
related to Yb2 centre. In fact, the assignment of the Yb3+ crystal field levels is usually
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Figure 8. Comparison between the LT (10 K) emission spectrum (positive part) and the σ polarized
absorption spectrum (negative part) of Yb:YAB for sample 3. The spectra have been shifted in
energy to the zero-phonon 2F7/2(0) ↔ 2F5/2(0′) transitions at 10 188 cm−1 (λ = 981.4 nm). The
energy of the Raman modes have been marked in the figure.

affected by a certain ambiguity, particularly if different Yb3+ centres are present in the host
crystal [27–29].

However, when exciting the Yb2 centre some light changes in the 2F5/2(0′) → 2F7/2

(1, 2, 3) transition regions, such as an enhancement of the emitted intensity at 996.6 and
1002 nm (marked with arrows in the figure), are obtained. This could indicate that two Stark
energy levels corresponding to Yb2 centre could be located at these energies.

Finally, although the spectra shown in this section correspond to a 2.5% Yb3+ doped sample
it is important to mention that no new lines or significant changes in the spectra are observed
when increasing the Yb3+ concentration up to 8 at.%. Even though the amount of Yb2 centres
is higher in the most concentrated sample, (see figure 4), the Yb1 centre is still the dominant
one, and its broad bands, the consequence of the strong electron–phonon interaction, govern
the emission spectrum. Thus, the complete characterization of Yb2 centre cannot be obtained
by spectroscopic measurements, and additional techniques such as EPR and/or Rutherford
back scattering (RBS) are needed.

3.3. Vibrational structure

When two Yb3+ centres are present, the vibrational modes should normally couple to the
zero-line transitions of each centre. However, in our case the different intensities of the two
zero-phonon 2F7/2(0) → 2F5/2(0′) absorption lines for each centre (see figure 2) suggest, as
previously pointed out, that mainly the vibronic sidebands from the dominant Yb1 centre
contribute significantly to the spectra. Therefore, by choosing the energy of the zero-phonon
2F5/2(0′) ↔ 2F7/2(0) transitions of the Yb1 centre as reference (10 188 cm−1, 981.4 nm), we
have represented in figure 8 the LT absorption and the emission spectra plotted as a function of
the energy in wavenumber. The abscissa corresponds to the absolute energy difference between
the absorbed/emitted photon and the transition involving the lowest crystal field components
of the ground and excited states, 2F5/2(0′) ↔ 2F7/2(0).

By comparing the absorption and emission spectra, it may be possible to identify some of
the vibronic sidebands relative to Yb1 centres, since they should appear as symmetrical twins
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Figure 9. Crystal field splitting schemes associated with Yb1 and Yb2 centres in YAB crystal.
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relative to the zero-phonon 2F5/2(0′) ↔ 2F7/2(0) transitions of the absorption and emission
spectra [30]. In fact, as observed in figure 8, a symmetrical arrangement of the spectral
structure relative to the zero-phonon 2F5/2(0′) ↔ 2F7/2(0) electronic transitions is observed.
Particularly, in the 80–150 cm−1 range the spectral features appearing at 96 and 136 cm−1

(marked with arrows in the figure) can be clearly associated with vibronic sidebands connected
to the zero-phonon line of the 2F7/2(0) ↔ 2F5/2(0′) transitions. These energy positions can
be well related to the Raman active normal modes of YAB. As a matter of fact, previous
studies on the vibrational spectra in YAB crystals have shown the presence of optical phonon
modes at around 90 and 130 cm−1, which have been associated with external vibration of the
BO3 and AlO6 groups against the Yb/Y ions. Internal vibrations of those groups have also
been identified by Raman spectroscopy at 420, 520, 620 and 700 cm−1 [31]. These lattice
vibrations are also clearly observed in figure 8 modulating our optical spectra. Moreover, a
lattice vibration at 562 cm−1 has been detected in the Raman spectra of YAB crystals. The
energy match between the this mode and the 2F7/2(3) electronic level could enhance the
electronic transition terminating at this crystal field level.

It should be noted that an optical phonon of very low energy, around 60 cm−1, could also
be involved. This phonon could be responsible of the structure observed in the π absorption
spectrum at 975.2 and 969 nm for which the selective excitation provide two emission spectra
completely similar to that corresponding to Yb1 centre. Further experimental work in order
to obtain more information on this topic it is now the subject of study.

Once the most important vibronic components have been identified, and taking into
account the results of the optical absorption and site selective spectroscopy, the crystal field
energy level diagram corresponding to the different Yb3+ centres in YAB crystals has been
obtained and it is shown in figure 9. The different nature of the two centres present in the
crystal is clearly confirmed from the difference in the energy level splitting of the 2F5/2 excited
state for both Yb1 and Yb2 centres. On the other hand, the splitting of the 2F7/2 ground state
proposed for the Yb2 centre should be considered as preliminary due to the complexity of the
emission spectra. (We have plotted it as dotted lines in figure 9.)

The major Yb1 centre detected in our work can be associated with Yb3+ ions located at
the regular Y3+ lattice positions with D3 symmetry sites, in agreement with previous studies
on different trivalent rare earth doped YAB crystal.
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The determination of the origin of the Yb2 centre appears as a complex subject and several
explanations could account for the presence of an additional Yb3+ centre. Previous results on
EuAB crystals (EuAl3(BO3)4), demonstrating the presence of different types of Eu3+ centres
(three), have related the non-regular lattice centres to Al3+ or interstitial sites [32]. On the
other hand, Er3+ doped YAB crystals also show the presence of additional lattice sites that may
originate from either Er–Er or Er–crystal defect interactions at high dopant concentrations [21].
This could be the situation for our Yb2 centre, which could be related to slightly distorted Y3+

sites due to the aforementioned effects. Also, the existence of growth defects related to the
crystal structure of YAB could play a role in the presence of the Yb2 centre. The crystal
structure is built of layers of BO3 group with Y3+ and Al3+ ions located in the interstices
of these layers [33, 34]. Due to the large spacing between the layers, some unavoidable
impurities from the flux, such as K+, could enter these interstices and be responsible for a
possible distortion of the regular Y3+ sites.

In any case, once the presence of the non-regular site for Yb3+ in the YAB crystal
has been demonstrated, its origin deserves additional attention. Its definitive nature cannot
be determined from optical measurements and additional experiments, such as EPR in the
concentration range in which the Yb2 centre is observed, should be used to confirm their local
symmetry.

4. Conclusion

We have carried out a detailed spectroscopic study of Yb3+ ions in YAB. LT polarized absorption
spectra have been used to determine the character of the Stark sublevels corresponding to the
2F5/2 state. From the detailed analysis of LT absorption spectra, two different Yb3+ centres have
been determined and their contribution to the total absorption spectra has been obtained in a
wide range of concentrations (0.2–9 at.%), showing that when the total ytterbium concentration
is increased, the presence of Yb2 centres is increased with respect to the total ytterbium centres.
Site selective excitation and emission experiments combined with the analysis of electron–
phonon coupling led us to obtain the energy level diagram corresponding to each centre.
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