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The interest in LINbO; and LiTaQj; crystals doped with transition metal or rare earth ions is related to their po-
tential application as self-switching and self-frequency doubling laser materials. In the past considerable atten-
tion has been paid to LiINbO; crystals doped by variety of luminescent ions. In particular LiNbO;:Crwas investi-
gated recently by Macfarlane et al. [1]. Energy transfer between C P+ and Nd** in LiINbO; has been studied and
discussed by Vergara et al. [2].

In this work we investigate spectroscopic properties of Cr’* and C P*—Nd’* interaction in LiTaO; using optical
absoption, luminescence and luminescence decay times at temperatures between 5 K and 300 K. Some prelimi-
nary data obtained with singly doped LiTaO3:Cr at low activator concentration are given in our previous work
[3]. Recorded spectra indicate that both the Cr3* and Nd** are located in several non-equivalent sites that differ
in the strength of the crystal field. Luminescence spectrum of C P+ consists of a broad band whose maximum and
intensity depend on temperature. Below about 50 K an additional sharp band with four distinct components ap-
pears in the spectrum. The broad band attributed to the spin allowed *T,~*A; transition of C 1+ ions overlaps two
absorption bands of Nd** ions at about 810 nm and 890 nm making the Cr*—Nd’* energy transfer process feasi-

ble. Results of measurements are discussed and compared to those obtained with LINbO3:Cr.

Keywords:
1. Introduction

In recent years, number of studies has been directed
to improve the efficiency of Nd** lasers by codoping
with donor ions having broad optical bands. Particu-
larly, the interest in LiNbO; and LiTaO; crystals doped
with rare earth and transition metal ions is related to
their potential application as self-frequency doubling
and self-Q switching laser materials. Transition ions
have been added to rare earth laser materials to sensi-
tise the luminescence and thereby to improve the
pumping efficiency. The earlier investigations of crys-
tals: LiNbO;:Cr [1], LiTaO3Cr [3] and LiNbO;:Nd,
LiTaO5:Nd [4,5] show, that both dopant ions are re-

* The paper presented there appears in SPIE Proceedings Vol.
3724, pp. 234-238.
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placing Li* and Nb>*/Ta>* or vacancy sites for the rea-
sons of local charge compensation. It is expected that
dopant ions in these sites have to be located in near po-
sitions and the energy transfer between Cr3* and Nd**
jons is expected to occur in the double doped system.
LiNbO; doped with Cr3* and Nd** ions has been stud-
ied by Vergara et al. [2] to check the possibility of a
Cr3* to Nd>* energy transfer process.

In this work the optical properties (absorption, lu-
minescence and lifetimes) of LiTaO;:Cr’* and
LiTaO5:Cr,Nd crystals have been studied to check the
possibility of Cr3* to Nd* energy transfer.

2. Experiment

LiTaO;:Cr crystal containing 0.005 wt % of Cr,
LiTaO5:Cr,Nd crystal containing 0.1 wt % of Cr
(1.7 % 10'% ions/cm?) and 0.2 wt % of Nd (7.1 x 10'
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ions/cm?) and LiTaO5:Cr,Nd crystal containing 0.1 wt
% of Cr (1.7 x 10" ions/cm?) and 0.4 wt % of Nd
(3.51 x 10'? ions/cm?) were grown by the Czochralski
method from a congruent melt. Absorption spectra
were measured with the Varian model 2300 absorp-
tion spectrophotometer. Luminescence spectra and
decay kinetics were obtained after excitation by sec-
ond harmonic YAG:Nd pumped dye laser
(Amax = 621 nm, 10 Hz, 8 ns pulse). Emitted light was
dispersed by double grating monochromator (Zeiss
GDM1000), detected with a cooled photomultiplier
with S-1 spectral response. Resulting signal was aver-
aged with the Stanford Model SRS250 boxcar
averager. For 5 K measurements a continuous-flow
helium cryostat (Oxford CF1204 ) with a temperature
controller was used.

3. Results and discussion

The room temperature unpolarized absorption
spectra of LiTaO;:Cr crystal (lower curve) and
LiTaO5:Cr,Nd crystal (upper curve) are shown in
Fig. 1. They consist of two broad bands associated
with well know spin allowed vibronic transitions:
4A,—*T, centered at 21807 cm™! and *A,~*T, located
at 15291 cm™'. The line centered at 13918 cm™! is as-
sociated with the spin forbidden, non-phonon “A,—’E
transition. In 800400 nm spectral region all observed
absorption transitions of Nd3* ions take place from
the “Iy;, ground state to the excited states and are
superposed absorption spectrum of chromium. In Fig.
1 the arrows show the transitions associated with
Nd3* ions.
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Fig. 1. Unpolarized absorption of LiTa0O5:Cr (lower curve)
and LiTaO3Cr,Nd (upper curve) recorded at room tempe-
rature. The arrows indicate the transitions associated with
Nd3* jons.
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Fig. 2. The absorption spectrum for LiTaO5:Cr,Nd recorded
at 5 K.

Figure 2 shows the absorption spectrum of
LiTaO5:Cr,Nd crystal recorded at 5 K in 680760 nm
spectral region. The line associated with *A,—2E tran-
sition is broad and asymmetric what suggests that
Cr3* ions occupy several different crystal sites. The
absorption transitions from the *I, ground state to
the “F;;, and 4S;, excited states of Nd3* ions are
shown.

Luminescence spectrum for LiTaO5:Cr crystal
(lower curve) and for LiTaO;:Cr,Nd crystal (upper
curve) recorded under excitation into 4A,—T, band of
Cr3* at 5 K is shown in Fig. 3. A broad emission band
centered at 11250 cm™! is associated with *T,—*A,
vibronic transition of Cr** ions. The details of the
2E-*A, chromium transition are shown in the inset.
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Fig. 3. Luminescence spectra for LiTaO5:Cr (lower curve)
and for LiTaO5:Cr,Nd (upper curve) under excitation into
4A,—2T, band of Cr** ions recorded at 5 K. The inset shows
the details of 2E-*A, transition of Cr3* inticated by arrow on
the lower curve.

© 1999 COSiW SEP, Warsaw



We assume that four components of this line are R
lines of Cr** in Ta>* and Li* sites. For LiTaO;:Cr,Nd
crystal the observed emission of Cr** and Nd3* ions is
associated with simultaneous absorption of neodym-
ium from the #Iy ground state to the “F3;, and (*Fyp,
4S5p) excited states. The emission band associated
with ZE-*A, transition of Cr>* is not observed. This is
presented in Fig. 3 (upper curve).

The values of Cr3* lifetime for crystals with differ-
ent concentration of Nd3* ions measured at 5 K are
gathered in Table 1.

Table 1. The values of Cr3* lifetime for crystals with different
concentration of Nd3* ions, measured at 5 K.

T, at 5 K (ps)
Nd concentration (wt %)
4T, g
0.00 8 370
0.20 7.2 100
0.40 5.8 —

The lifetime of Cr3* both at the 4T, level and at the
2E level decreases with increasing of Nd3* ions con-
centration in the crystals. It is an evidence that the
Cr3* to Nd** non-radiative energy transfer occurs. In
order to estimate the energy transfer rate we used a
simple formula:

11 (1)

T T

i

where T and T, is the donor (Cr**) low temperature
lifetime of the 4T, level measured in the presence and
the absence of acceptors (Nd3*), respectively.

The efficiency of energy transfer calculated as:

Mo @
k.'r + lrf’r[)

is equal to 0.1 and 0.27 for the crystals containing 0.2
wt % and 0.4 wt % Nd ions, respectively. The lifetime
decrease of the 2E level is observed, too. It changes
from 370 ps for LiTaO5:Cr crystal to 100 ps for
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LiTa0;:Cr,Nd crystal containing 0.2 wt % of Nd>*
ions, and the luminescence from 2E level is not ob-
served for LiTaO5:Cr,Nd crystal containing 0.4 wt %
of Nd. This fact clearly indicates that the non-
-radiative energy transfer process occurs from this
level too. However, the efficiency of this process is
relatively low for heavily doped crystals. Probably,
this is the reason that non-radiative energy transfer
was not observed in the lowest doped LiNbO;:Cr,Nd
crystals [2].

4. Conclusion

In LiTaO;:Cr,Nd crystals the lifetimes of the T,
and the 2E levels decreases with increasing of Nd**
ions concentration. The non-radiative energy transfer
from Cr>* ions to Nd** ions occurs, however calcu-
lated efficiency of this process is relatively low.
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