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The optical properties of a locally disordered Tm3*:Li,Gd4(MoOy,)7 crystal have been investigated exten-
sively to assess its feasibility of efficient ultrafast laser operation in the 2 um spectral region. The main
spectroscopic parameters relevant to laser applications have been evaluated by analyzing the polarized
absorption spectra using the Judd-Ofelt theory. The cross-relaxation mechanisms between Tm3* levels
have been applied to analyze the lifetimes of the 3F4, >Hy, and 'G4 manifolds. The potential for pro-

ducing subpicosecond laser pulses has been discussed on the basis of the calculated emission and gain

PACS:
42.62.Fi
42.70.Hj
81.10.Fq

Keywords:

Optical spectroscopy
Czochralski method
Molybdates

Solid-state laser materials

cross-sections around 2 pwm wavelength. The crystal exhibits broad optical bandwidths, large absorp-
tion/emission cross sections, and a long 3F, fluorescence lifetime. All these features indicate that the
Tm3*:Li;Gd4(Mo0Q,); crystal is a promising gain medium for tunable and ultrafast (fs) pulse lasers.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

With the rapid development of solid-state laser technologies,
numerous materials have been extensively exploited for potential
laser applications in various wavelength regions from the ultravi-
olet to the infrared [1-7]. Ultrafast laser sources operating in the
eye-safe 2 wm spectral range have aroused considerable attention
due to their important applications in metrology, medical diagnos-
tics, soft X-ray generation, time-resolved molecular spectroscopy,
etc. [8]. Among optically active ions emitting around 2 wm, Tm3*
has demonstrated to be a very attractive candidate. Major advan-
tages with Tm3*-doped matrices include the availability of a AlGaAs
laser diode (LD) pumping via the 3Hg — 3H, transition, the pump
quantum efficiency approaching 2 associated with a favorable
cross-relaxation (CR) process (3H4+3Hg — 3F4+3F,), a long life-
time of the 3F4 upper laser level, and a wide tunability near 2 wm
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[9]. All these features make Tm3* advantageous for developing
LD-pumped tunable and ultrafast pulse lasers. Indeed, pulse dura-
tion as short as 173fs has been achieved in a stretched-pulse
Tm3*-doped fiber laser [10]. However, the typical pulse duration
generally obtained from the Tm3*-doped crystals is picosecond
level, for instance, 10-ps and 35-ps pulses have been realized for
the Tm3*:KLu(WQ,), crystal [11] and the Tm3*:YAG crystal [12],
respectively. It is widely known that the ultrafast pulse duration
depends critically on the optical bandwidths of gain media. Mate-
rials with local disorder exert a spatially variable crystal field on
the lasant ion, resulting in additional inhomogeneously broadened
spectral bands [13-15]. Therefore, current interest is devoted to
Tm3*-doped disordered crystals for further reducing the achievable
laser pulse duration [14,15].

The tetragonal scheelite-type double molybdate (DMo)
and double tungstate (DT) crystals with the general formula
M*T3+(X6*0,4), (X=Mo or W), are attractive laser host materials
with structural disorder arising from the random distribution of
M* and T3* cations [14,16-19]. These crystals hold great promise
for efficient tunable and femtosecond mode-locked Yb3* laser


dx.doi.org/10.1016/j.jallcom.2011.11.065
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:wgf@ms.fjirsm.ac.cn
dx.doi.org/10.1016/j.jallcom.2011.11.065

W. Zhao et al. / Journal of Alloys and Compounds 515 (2012) 74-79 75

et
ey

1T
11
T
T

Fig. 1. As-grown Tm3*:Li,Gd4(MoO,); crystal.

operation under Ti-sapphire and LD pumping. As an example, a
pulse duration of 91 fs at 1026 nm and a tuning range from 1005
to 1059 nm have been presented for the Yb3*:NaY(MoOQ,), crystal
[19]. LizGd4(M004)7. also expressed das Li0'286Gd0.571@0.143M04
(@ stands for the vacancies in the cation sites), is a scheelite-
type solid solution with space group I4{/a and cell parameters:
a=b=52081A, c=11.4210A [20,21]. Unlike the aforementioned
DMo and DT crystals, a cation site in the title crystal is occupied by
0.286Li, 0.571Gd, and 0.1430 [21], thus leading to a high degree
of structural disorder. This inevitably contributes to inhomoge-
neous broadening of the absorption and fluorescence spectra,
which brings a large number of advantages from the standpoint
of application as an active medium in LD-pumped mode-locked
solid-state lasers. The purpose of the present work is to provide
and discuss the spectroscopic features of the Tm3*:Li, Gd4(MoOy4);
crystal pertinent to potential ultrafast laser operation.

2. Experimental

ALi;Gd4(Mo0y); crystal doped with 3 mol.% Tm3* ions concentration in the melt
was grown by the Czochralski technique. Crystal pulling was performed in air using a
platinum crucible. The detailed crystal growth procedure was described elsewhere
[22]. Finally, a Tm3*:Li;Gd4(MoO4); crystal with dimensions of @22 mm x 25 mm
was obtained, as shown in Fig. 1.

The concentration of Tm3* in the Tm3*:Li;Gd4(Mo0Q,); crystal was determined
to be 1.90at.% ([Tm3*]=1.41 x 10?2 ions cm~3) by inductively coupled plasma and
atomic emission spectrometry (Ultima 2, Jobin-Yvon). Since Li;Gd4(Mo0Q4)7 is an
optically uniaxial crystal (tetragonal system) [21], a 1.0 mm thick plate sample cut
from the crystal with the c-axis parallel to its main faces was used for the o (E L c,
k L c)and 7 (E [/ ¢, k L c) polarized spectral measurements, where E, k, and c are
the electric field, wave vector, and optical axis of the uniaxial crystal, respectively.
The polarized absorption spectra were recorded by a UV-vis/NIR Spectrometer
(Lambda900, PerkinElmer). The polarized fluorescence spectra from 600nm to
1650 nm and fluorescence lifetimes of the 'G4 and 3H; manifolds were measured
using a Fluorescence Spectrophotometer (FLS920, Edinburgh). The polarized fluo-
rescence spectra in the range of 1700-2050 nm and lifetimes of the 3F4 manifold
were investigated using another Spectrophotometer (FSP920C, Edinburgh). All the
experiments were performed at room temperature.

3. Results and discussion
3.1. Absorption spectra and Judd-Ofelt analysis

The polarized absorption spectra of the Tm3*:Li,Gd4(Mo0y4);
crystal were measured in the 400-2000 nm spectral range at room
temperature and presented in Figs. 2 and 3. All the absorption
bands correspond to the transitions of Tm3* from the ground state
3H;g to the excited state J, which are marked in Fig. 2. The strong
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Fig. 2. Polarized absorption spectra of the Tm3*:Li;Gd4(Mo0Q,); crystal at room
temperature.

absorption band around 800nm is attributed to the 3Hg— 3H4
transition (see Fig. 3), which coincides with the wavelength of radi-
ation from a GaAlAs diode laser. For this transition, the full width
at half the maximum (FWHMs) are 8.8 nm and 10.2 nm for the o
and 7 polarizations, respectively, which are typical for the major-
ity of tetragonal DMo and DW crystals, e.g. Tm3*:NaGd(MoOy4);
(70nm and 35.0nm for the o and m polarizations) [24] and
Tm3*:NaGd(WO,), (8.0nm for both ¢ and 7 polarizations) [25],
but significantly greater than those of Tm3*:YAG (4.0 nm) [23],
Tm3*:YVO, (5.0 nm for the 7 polarization) [9], and Tm3*:KY(WOQ,),
(5.4nm for E /| Np) [6]. Such broad bandwidths make the crystal
very adequate for diode pumping, since wavelength requirements
imposed on LDs are largely relaxed. The peak absorption cross-
sections o s are 4.69 x 10720 cm? and 3.72 x 10720 cm? at 795 nm
for the o and 7 polarizations, respectively. Thus, the crystal exhibits
the largest value of o,,s among the isostructural DMo and DW
crystals except Tm3*:NaLa(MoOy); (4.84 x 10720 cm? for the o
polarization) [26] and Tm3*:NaGd(MoOy4); (5.2 x 10-2% cm? for the
o polarization) [27]. Additionally, regarding the tetragonal DT and
DMo crystals, the peak o 5, for the 7 polarization is generally much
less than that for the o polarization, e.g. o s (77) = 1.59 x 10720 ¢cm?,
O aps (0)=4.33 x 10720 cm? for Tm3*:LiGd(MoOy4), [17]. It is note-
worthy that o, () approaches o,,s (o) in the title crystal.
Therefore, the Tm3*:Li;Gd4(MoOy); crystal can be efficiently
pumped by LD with both polarization configurations.
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Fig.3. Absorption cross-sections related to the 3Hg — 3H, and 3Hg — 3F, transitions.
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Fig. 4. Polarized fluorescence spectra of the Tm3*:Li,Gd4(M00y4)7 crystal after 1G4
excitation.

The Judd-Ofelt theory has become a standard tool for evaluat-
ing the spectroscopic parameters of rare earth ions in crystals and
glasses [28,29]. The calculation procedure follows that in Ref. [30].
The line strengths of the transitions are deduced from the analysis
of the absorption spectra, and then the experimental data are fitted
in accordance with the Judd-Ofelt parameterization scheme after
subtraction of the magnetic dipole contribution for the 3Hg — 3Hjs
transition. The magnetic dipole contribution is calculated in the
light of the Refs. [31,32], and the reduced matrix elements are taken
from Refs. [32,33]. The values of the refractive index n are derived
from the Sellmeier equations established for the Li;Gd4(MoQO4)7
crystal [1,34]:

2.9691112
2 _
mo =1+ 53 "5.02813 M
2.93595).2
214 S 2
Me =142 002849 2

The root-mean-square deviation between the experimental and
calculated line strengths, RMS AS, is introduced to justify the fitting
quality, which is expressed as:

N

Z(SEXD - Scal )2

RMS AS = || = (3)

N-3

where N is the number of transitions involved in the calculations.

The Judd-Ofelt parameters §2; (t=2, 4, 6) can be subsequently
used to assess the spontaneous emission probabilities, branching
ratios and radiative lifetimes. The obtained spectroscopic data for
the title crystal are summarized in Tables 1-3.

For the uniaxial crystal, the effective Judd-Ofelt parameters
§2¢ i are defined as §2; e =(82¢7 +2 §2¢,5)/3. Table 2 provides the
§2; o parameters of the crystals doped with Tm* and some other
rare earth ions for comparison. It can be observed that all these
crystals are characterized by a high §2, parameter. Generally, the
magnitude of £2, depends on the local environment of the opti-
cally active ions [36]. A large value of §2, reflects a high degree of
covalency of the metal-ligand bond in the Li; Gd4(Mo0Qg4); matrix.

3.2. Fluorescence spectra and stimulated emission cross-sections
Fig. 4 depicts the polarized fluorescence spectra of the

Tm3*:Li,Gd4(MoOy); crystal after excitation into the 1G4 man-
ifold at 473nm. The emission band at ~ 800nm is due to
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Fig. 5. The pumping and cross-relaxation mechanisms after 3Hy and G4 excitation.

the superposition of the 'G4— 3Hs and 3H4 — 3Hg transitions
[17,37], since these two transitions possess close barycentric wave-
lengths. The other three emission bands near 650 nm, 1150 nm,
and 1450nm can be assigned to the 1G4 — 3F4, 1G4 — 3Hy, and
3H, — 3F, transitions, respectively. As described in Fig. 4, the
large overlap between the !G4 — 3Hs emission and the 3Hg — 3H,4
absorption indicates the possible existence of a resonant CR
(1G4 +3Hg — 3Hs +3Hy). Similarly, another possible resonant CR
(1G4 +3Hg — 3H4 +3Hs) is identified by the substantial overlap
between the bands associated with the 1G4 — 3H, and 3Hg — 3Hs
transitions. Besides, a well-known phonon-assisted CR energy
transfer process 3H, +3Hg — 3F4 +3F,, are also revealed in Fig. 4.
The effectiveness of this process increases with the Tm3* concen-
tration and is usually high even for 1 at.% Tm3*-doped systems [38].
It is worth emphasizing that this process which quenches the 3H,
manifold and populates the 3F4 manifold, facilitates the 3F4 — 3Hg
transition around 2 pm, since it transfers the excitation from the
3H, pump level to the 3F4 upper laser level thus providing a so-
called “two-for-one pumping” [39]. In summary, these CR channels
sketched in Fig. 5, are supposed to remove the excitation of the
1G4 and 3H4 manifolds and hence lead to low quantum efficiencies,
which will be discussed in Section 3.3.

Excitation into the 3H, manifold provides two fluorescence
bands corresponding to the 3H4 — 3F4 and the 3F4 — 3Hg transi-
tions within the measuring range, as demonstrated in Figs. 6 and 7.
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Fig. 6. Emission cross-sections associated with the 3Hs — >H4 and 3F4 — 3Hg tran-
sitions for the Tm3*:Li,Gd4(Mo0Q,); crystal.
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Table 1
Experimental and calculated line strengths of Tm3* in the Li,Gd4(Mo0y4); crystal.

77

3Hg— J-manifold m-polarization

o-polarization

Aa (nm) Sexp (10720 cm?) Scal (10720 cm?) Aa (nm) Sexp (10720 cm?) Scal (10720 cm?)
3F, 1749 10.37 10.37 1744 10.98 11.02
3H; 1212 345 3.78 1212 3.31 3.13
3Hy 795 5.25 5.16 795 5.53 5.56
3Fy3 688 3.79 3.65 690 1.69 1.77
1Gy 473 1.22 0.94 473 1.21 0.98
£2¢ (10720 cm?) §2,=14.19, 24=2.97, 2,=2.47 £2,=19.46, £2,=0.27, 26=1.53
RMS AS (1020 cm?) 0.33 0.22
Table 2
The effective Judd-Ofelt parameters of the Li;Gd4(Mo0Q,); crystals doped with Tm?* and some other rare earth ions.
Crystals £25 (10720 cm?) 24 (10720 cm?) 26 (10720 cm?) References
Nd3*:LiGd4(MoO4)7 21.90 8.40 6.00 [35]
Dy3*:Li;Gd4(Mo0O4)7 17.10 2.24 2.45 [1]
Er3*:Li;Gds(MoOy4)7 14.30 2.81 1.32 [22]
Tm3*:Li;Gd4(Mo0y4); 17.70 117 1.84 This work
Table 3
Calculated spontaneous emission probabilities, branching ratios, and radiative lifetimes of Tm3* in the Li;Gd4(Mo0O4); crystal.
Transitions Aem (NM) mr-polarization o-polarization Trad (JLS)
Aed (571) Amd (571) ,B Aed (571) Amd (571) ﬂ
1G4 — 3Hg 477 6090.7 0 0.519 6452.9 0 0.545 85.0
1G4 — 3Fy4 649 687.2 16.9 0.060 473.1 171 0.042
1G4 —3Hs 781 3208.1 176.3 0.289 3076.5 178.5 0.275
1G4 — 3Hy 1170 1237.0 43.0 0.109 14325 43.6 0.125
1G4 — 3F3 1485 207.2 4.6 0.018 130.2 4.7 0.011
1G4 —3F, 1633 55.1 0 0.005 26.5 0 0.002
3Hy — 3He 784 6117.0 0 0.901 6674.6 0 0.913 140.1
3Hy —3F, 1432 551.4 28.7 0.085 574.7 29.1 0.083
3H4 — 3Hs 2166 79.4 12.0 0.014 22.0 121 0.004
3Hs — 3Hg 1224 1082.3 1145 0.986 909.5 116.0 0.983 909.1
3Hs — 3F, 3826 16.6 0.3 0.014 17.5 0.3 0.017
3F4; — 3Hg 1799 11704 0 1.000 1264.7 0 1.000 810.9

In Fig. 6, the emission cross-sections near 1.5 wm are calculated
according to the Fiichtbauer-Ladenburg formula [40]:

ANSI(A)
[oF AN)= —— 2 4
em(A) = ooz [ A1 )da “)
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Fig. 7. Polarized fluorescence spectra near 2.0 wm after >Hy excitation.

The peak emission cross-sections oem are 1.28 x 10720 cm? at
1497 nm for the o polarization and 1.26 x 10-2% cm? at 1454 nm for
the 7 polarization, respectively. The 1.5 wm emission via 3H4 — 3F,4
transition is of great interest, however, suffers from self-terminated
laser operation because of t; (3H,) < tf (3F4). Consequently, it is a
good choice to additionally dope with deactivators (e.g. Ho3*, Tb3*,
or Eu3*) so as to selectively depopulate the 3F4 manifold [41].

Owing to the restriction of test instrument, we only obtained the
uncalibrated fluorescence spectra around 2 um, as shown in Fig. 7.
These broad emission bands extend from 1710nm to 2050 nm
for both polarizations. The emission cross-section cem, providing
important information about the potential laser performance of a
material, can be calculated by the reciprocity method [42]:

-1
(1) = O (1) 2 exp( AT
where Z; and Z, represent the partition functions of the lower
and upper manifolds, and E, denotes the zero-line energy. Since
the precise energy scheme of Tm3* in the Li,Gd4(MoOy,4); crystal
is not available yet, the values of E,; and Z;/Z, are approximated
by those obtained for Tm3* in the isostructural NaLa(MoOy); crys-
tal with similar crystal field intensity: E, =5595cm~!, Z/Z,=1.33
[43]. Then, the calculated oey versus wavelength are plot-
ted in Fig. 6. The maximum Oem amount to 2.11 x 10720 cm?
at 1792nm for the o polarization and 2.08 x 10720cm?2 at
1847 nm for the 7 polarization. These values approach those of
Tm3*:LiGd(MoOy4); (2.44 x 10720 cm? at 1786 nm for the o polar-
ization and 2.07 x 10720 ¢cm? at 1838 nm for the 7 polarization)

exp( ) (5)
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Table 4
Spectral features of several promising Tm3*-doped crystals.
LizGd4(M004)7 LiGd(MOO4)2 NaLa(MoO4 )2 NaGd(WO4)2 KY(WOq)zx

[Tm] (102° cm-3) 1.41 3.56 4.40 234 2.20
Xaps (NM) 795 (o) 795 () 795 (o) 781 (m) 795 (o) 795 () 795 (o) 795 (m) 801.6
AXaps (Nm) 8.8 (o) 10.2 () 8.0(o0) 37.0(m) 5.5(0) 34.0 (m) 8.0(c) 8.0(m) 54
Oabsmax (10729 cm?) 4.69 (0) 3.72 () 4.33 (o) 1.59 () 4.84 (0) 1.57 () 2.90 (o) 1.20 () 5.20
Aem (nm) 1792 (0)1847 () 1786 (0)1838 () 1789 (0)1837 () 1796 (0)1847 () 18451910
Alem (nm) 188 (o) 185 () 175 (o) 160 () 145 (o) 118 () 170 (o) 170 () 100
Oemmax (10720 cm?) 2.11 (o) 2.08 () 2.44 (0) 2.07 () 1.91 (o) 1.96 () 1.10 (o) 1.00 () 4.20 1.15
7r (3F4) (ms) 0.91 0.93 1.10 1.35 1.11
References This work [17] [24,27] [25] [6]

" Data for the E |/ Ny, polarization in KY(WQy,), is presented.

[17], and to our knowledge exceed those of other tetragonal DMo
and DW previously reported [24-27].

As Tm3* laser around 2 jum operates as a quasi-three-level sys-
tem, the gain cross-section og(A) are determined using the formula
0g(L) = Boem(r) — (1 — B)oaps(A), where B denotes the population
inversion rate of Tm3*. The result, presented in Fig. 8, implies both
the achievable range of laser tuning in the absence of frequency
selective elements in the laser cavity and the expected gain cross-
sections at any wavelength within this range for a given B. The
positive gains for 8=0.4 extend from 1795 nm to 2015 nm for the o
polarization and 1796 nm to 1995 nm for the 77 polarization, respec-
tively.

3.3. Fluorescence lifetimes and quantum efficiencies

The fluorescence decay curves of the ! G4, 3H4 and 3F4 manifolds
of Tm3* in the Lip Gd4(Mo0y); crystal were recorded by monitoring
the emissions of the 1G4 — 3F4, 3H4 — 3F4 and 3F4 — 3Hg transi-
tions at room temperature, as exhibited in Fig. 9. The lifetimes t¢
of the 1G4, 3H,4 and 3F4 manifolds are 37.2 ws, 90.0 ws and 1.8 ms,
respectively.

The fluorescence quantum efficiencies, defined as n = t¢/t;, are
estimated to be 0.438 and 0.643 for the 'G4 and 3H4; mani-
folds. Such low values of 5 clearly reveal the contribution of
nonradiative relaxation processes involving multiphonon and
ion-ion interactions. The multiphonon relaxation for the 3H,4
manifold is inefficient owing to the wide energy gap between
the 3H, level and the 3Hs level (~4300cm~!) as compared
with the maximum phonon energy of the [MoO4]?>~ group
(~880 cm~1 [44]). This has already been proved by the high 1 (3Hy)
observed in several dilute Tm3*-doped molybdate crystals, such as
7=0.8541in 0.9 at.% Tm3*:LiGd(M00Q,)7 [17] and =0.84in 0.59 at.%
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Fig. 8. Gain cross-sections of the 3F4 — 3Hg transition for the Tm3*:Li,Gd4(Mo0O4);
crystal.

Tm3*:NaGd(Mo0y,); [24]. Taking into account the larger energy gap
between the 1G4 and 3F, manifolds than that between the 3H,4 and
3Hs manifolds, the multiphonon relaxation for the !G4 manifold
should be much weaker than that for the 3H, manifold. Therefore,
it can be concluded that the CR processes between Tm3* levels (see
Fig. 5) are the most probable reason for the low 5 of these two
manifolds.

There is no CR scheme that may quench the 3F4 manifold [45].
It is notable that 7; (3F4) is remarkably longer than 7, (3F4). Analo-
gous behavior has also been observed in a number of Tm3*-doped
crystals [6,39]. The main reason for this discrepancy is that the re-
absorption effect lengthens the measured lifetime significantly. To
perform accurate measurement of the 7 (3F4), the powder method
is adopted in the present work, which is capable of efficiently sup-
pressing this effect [46]. The bulk sample is ground to fine powder,
and immersed into the monochlorobenzene (n=1.52) whichis used
for refractive index matching. Detailed experimental processes can
be found in Ref. [46]. The resultant ¢ (3F4) for the powder sample is
0.91 ms and much shorter than that for the bulk sample (1.80 ms).
Furthermore, taking into account the intrinsic uncertainty of the
Judd-Ofelt analysis (£20%), this value is close to that of 7; (3F4).

Table 4 provides the spectral features of the
Tm3*:Li,Gd4(MoOy); crystal as compared with several promising
Tm3*-doped DMo and DT crystals. In contrast with the ordered
monoclinic Tm3*:KY(WO,), crystal in which pulse of 386fs has
been generated with an average power of 235mW at 2029 nm
[3], disordered tetragonal DMo and DMo crystals exhibit smaller
peak cross-sections but larger optical bandwidths. It can follows
from Table 4 that the Tm3*:Li;Gd4(Mo0Oy,); crystal has similar
spectral parameters to the tetragonal DMo crystals and slightly
larger cross-sections than the isostructural DW crystals. Recently,
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Fig. 9. Fluorescence decay curves of the 3F4, *Hy, and 'G4 manifolds at room tem-
perature.



W. Zhao et al. / Journal of Alloys and Compounds 515 (2012) 74-79 79

the Tm3*:Lig375Lug37sBagasMoO, crystal has demonstrated
the best laser performance so far obtained from a Tm3*-doped
disordered crystal, and shown the potential of application in
mode-locked sub-200fs lasers [15]. It should be pointed out that
the Tm3*:Li;Gd4(MoO4); crystal possesses comparable optical
properties with the Tm3*:Lig375Lug375Bag25sMo0, crystal. All
these results suggest that the Tm3*:Li;Gd4(MoOy4); crystal is a
promising gain medium for tunable and ultrafast (fs) pulse lasers.

4. Conclusions

A Tm3*:Li,Gd4(Mo0y)7 crystal has been successfully grown by
the Czochralski method. Polarized absorption spectra, fluorescence
spectra, and decay profiles have been recorded at room tem-
perature. Compared with tetragonal DMo and DW crystals, the
Tm?3*:Li, Gd4(MoOy, )7 crystal possesses a similar scheelite-type dis-
ordered structure but different occupancy factors for M* and T3*. As
a consequence, the crystal exhibits similar spectral features to DMo
and DW crystals, such as broad optical bandwidths, large absorp-
tion and emission cross-sections, and a long 3F, lifetime, which
are good for the ultrafast laser action in the 2 pwm spectral region.
The main feature of the title crystal is the comparable values of
0 aps for the r and o polarizations; hence, strong pump absorption
and then efficient laser operation can be expected for both polar-
ization configurations. To summarize, the Tm3*:Li,Gd4(Mo0Q,);
crystal displays the potential for generation of subpicosecond (even
sub-200fs) laser pulses in the mode-locked regime.
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