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Abstract. Tm*":KY(WO.), (KYW) single crystals were grown by the modified Czochralski method.
Laser-related spectroscopic properties of Tm*":KYW crystal: absorption and luminescence spectra as well as

kinetics of luminescence decay were studied.
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CHEKTPOCKOIIMYECKHUE CBOMCTBA KPUCTAJLJIOB Tm:KY(WOu)2, BBIPAIIIEHHBIX
MOJIUPUILINPOBAHHBIM METOAOM HOXPAJIbCKOI'O
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Annotanust. Kpucramns: Tm?:KY(WO4), (KYW) 6buin BbIpamiensl Moau(GUIUPOBaHHBIM METOI0M YoXpajib-
ckoro. IlpoBeneHo ucciaeqoBaHUE CHEKTPalTbHO-TIOMHUHECHCHTHBIX CBOMCTB KpuctamioB Tm:KYW. 3aperu-
CTPUPOBAHbI CIIEKTPHI MOTJIOIIECHUS U JTIOMUHECIICHIINH, HCCIIeI0BaHa KMHETHKA 3aTyXaHUs JTIOMUHECIICHITUH.
KiroueBble ¢j10Ba: KPUCTALIBI BOIb()PaMaTOB, TyJIHH, CIIEKTPaIbHO-IIOMUHECIICHTHBIE CBOMCTBA.

Laser sources emitting in the 1.9-2 um spectral
range are of high interest for a variety of practical
applications in medicine, remote sensing, micro
structuring of semiconductor materials, and pumping
of optical parametrical oscillators. Interest in thuli-
um-doped crystals is particularly caused by the
availability of powerful AlGaAs diode pump sources
and cross-relaxation process *Hg +Hs — 3F4 +F4
leading to efficient excitation of *F4 laser level thus
increase the quantum efficiency of the systems.
Monoclinic potassium double tungstate crystals acti-
vated with thulium ions attract attention due to rela-
tively high absorption and emission cross-section,
broad emission bands, and the possibility to grow
highly activated crystals [1].

The growth of KYW crystals has been carried
out at temperatures below the point of the phase
transition (900-985 °C) using the oriented crystal
seed which gradually pull up upon slow cooling of
the solution- melt. The details of KYW single crys-
tals growth were presented in [2]. The photograpgh
of the Tm:KYW single crystal grown by the modi-
fied Czochralski method is demonstrated in Fig. 1.

The polarized absorption spectra obtained for the
Tm3* — doped KYW crystal at room temperature
were registered by a Varian CARY-5000 spectro-
photometer in the spectral ranges 750-850 nm and

15002100 nm with the spectral bandwidth of
0.3 nm and 1 nm, respectively. Two polished plates
with dimensions of 5x7x2 mm? oriented along three
principal optical indicatrix axes Ng, Nm, and Np
were used. The concentration of doping ions in the
crystal was determined to be 1.9-10%°m? (~3 at.%)).
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Figure 1 — Photograph of the 3% Tm doped KYW
single crystal

The room-temperature polarized absorption
cross-section spectra of the Tm:KYW crystal in the
spectral range of 750-850 nm (*H¢—>Hj transition)
are shown in Fig. 2. The Tm:KYW crystal belongs
to monoclinic crystallographic system and conse-
quently it is bi-axial optical system. The polarized
3H¢ — 3Hy absorption spectra were measured paral-
lelly to adequate indicatrix axes. The maximum ab-
sorption cross-section of 6.4:10%° c¢m? was deter-
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mined at 794 nm with a bandwidth (FWHM) of
2.2 nm for light polarization E//Np axis. The slightly
lower value of 5.4-10%° cm? at 802 nm was found
for E//Nm polarization.
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Figure 2 — Polarized absorption cross-section spectra
of Tm:KYW crystal at near 800 nm

Absorption cross-section spectra of Tm** ions in
KYW at near 1.75 um at room temperature are pre-
sented in Fig. 3.
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Figure 3 — Polarized absorption cross-section spectra
of Tm:KYW crystal at near 1750 nm

Two prominent components located at 1676 nm
and 1752 nm as well as three intense components lo-
cated at 1678, 1715, and 1780 nm can be recognized
for the EIINp and EIINm spectra, respectively. In con-
trast to these both polarizations, the EIINg spectrum is
characterized by significantly lower value of the ab-
sorption cross-section 0.33-10?° cm?at 1740 nm.
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Figure 4 — Kinetics of luminescence decay
of the 3F4 level of Tm:KYW crystal in the region
of about 1.75 um
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Figure 5 — Polarized emission cross-section spectra
of the Tm:K'YW crystal in the spectral range
of 1500-2100 nm

The luminescence decay time of the 3F4 level
was estimated to be 1.3440.05 ms. The lumines-
cence decay of the 3F4 level of Tm:KYW crystal in
the region of about 1.75 um is presented in the
Fig. 4. Emission cross-section spectra of Tm:KYW
corresponding to the 3F4—3Hj transition calculated
using modified reciprocity method [3] are present-
ed in Fig. 5. The stimulated emission cross-section
is most efficient for EIINm polarization and maxi-
mal value of Gem = 4.2:10%° cm? was found at 1840
nm. The substantially lower peak values of emis-
sion cross-sections were estimated at 1753 nm
(2.7-10% cm?) and at 1843 nm (0.9-10* cm?) for
ElINp and EIlINg polarizations, respectively.

In conclusion, high quality Tm3":KYW single
crystals were grown by the modified Czochralski
method. The optical characterization of the crystal
and determined absorption and emission cross-
section spectra indicated high structural and optical
quality of the single crystal.
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