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Characteristics of lasers based on the binary orthovanadates Ca,yLi(VO,);:Nd,
Cagla(VO,);:Nd and the orthoborates CazRE,(BO;),:Nd (RE =Y, Gd) crystals with disor-
dered structure were investigated. For Ca,Y,(BO;),:Nd crystals laser oscillations was ob-
served for the first time. The obtained slope efficiencies of vanadate-based lasers are
comparable with the one of the lamp-pumped laser based on commercial Y;Al;O,,:Nd
crystal. The optical breakdown threshold of binary vanadate crystals is higher than that of
the orthoborate crystals. For Ca,Li(VO,);:Nd and Cagla(VO,);:Nd crystals the values of optical
breakdown threshold are approximately the same — 80 J/cm2. The optical breakdown thresh-
olds of Ca;Y,(BO3),:Nd and CazGd,(BO;),:Nd crystals is approximately twice as low.
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HcenemoBaHbl M MPOAHAJM3UPOBAHLI XAPAKTEPUCTUKM JIAa3€POB HAa OCHOBE KPHUCTAJLIOB
aBoitHEIX opropaHagatos Ca,oLi(VO,);:Nd, Cagla(VO,);:Nd u opro6opaTos CazRE,(BO,),:Nd
(RE — Y, Gd) ¢ pasynopanouennoii crpykrypoii. Ha rpucramme CasY,(BO;),:Nd nasepras
reHepanusa mosydena Brepsble. [lonyuennrsie KIII mid sasepoB Ha OCHOBE BaHALATOB COIIO-
crapumbl ¢ KIIJ sasepa ¢ JsaMIOBOM HaKauKON Ha OCHOBE KOMMEPUYECKOI'0 KpHUCTaJLia
Y3Al50,,:Nd. Kpucrannel ABOMHBIX BAaHAJATOB XapaKTepUBYIOTCA Goliee BBHICOKUM IIOPOTOM
OITUYECKOro IIPo00s, UeM KPHUCTALJIbl opTo6opaToB. BelnunHa [Iopora OITHYECKOr'o IIPobosa
kpucrannros Ca, Li(VO,);:Nd m Cagla(VO,);;:Nd mnpumepno oguHaKoBa u CcOCTaBJIAET
80 Ix/cm2. Iopor omrTudeckoro mpobos kpucrannos CagY,(BO,),Nd u CayGd,(BO,),:Nd
MPpUMepPHO B [Ba pasa HIKe.

XapakTepUCTHKH JIa3epiB HA OCHOBI MOHOKPHCTAJIB IOABIHHHX BaHAJATOB i opTO6O-
paTtiB 3 poO3ymopAAKoBaHOW cTpykKrypow. M.B.Kocmuna, B.II.Hasapenurxo, 1.0.Paduenko,
O.M . Illexo8u06.

Hocaig:keHo Ta IPOAHANIB0OBAHO XapaKTEePUCTUKMU JiasepiB Ha OCHOBI KpUCTAJIiB IIOJ-
BilitEmx oproBanagzaris Ca,yLi(VO,);:Nd, Cagla(VO,);:Nd i oproboparie CazRE,(BO;),:Nd (RE
— Y, Gd) s posynopaarxosanoio crpykryporo. Ha xpucranri CazY,(BO;),:Nd nasepry remepa-
nito orpumano Bueprie. Orpumani KK nna nasepis na ocHoBi BaHajgaTiB cmiBctaBHi 3 KK]I
Jasepa 3 JaMIOBUM HaKadyBaHHAM HA OCHOBI KoMepmifimoro kpuecrana YzAl;0,,:Nd. Kpucra-
JU TOABIAHUX BaHaAATiB XapaKTePU3YIOTHLCHA OIiJBIIT BUCOKUM IOPOTOM ONTHYHOTO MPoboIo,
HisK Kpuctasm oproGopariB. Besmuwmba Topora ONTUYHOTO MPOOOID  KPUCTAJIB
Ca,oLi(VO,);:Nd i Cagla(VO,);:Nd npubrmsuo oxHaxosa i craHoBuTh 80 I /em2. Topir
omTuuHOro I1po6oro kpucraxis CazY,(BOj),:Nd i CazGdy(BOj),:Nd mpubnusao B nBa pasu
HUKUE.
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1. Introduction

Interest in lasers with active nonlinear
medium (ANM lasers) is due to the fact that
they possess a number of advantages over
those lasers containing two crystals: active
elements and nonlinear crystals. Nonlinear
optical losses in ANM restrict the density of
the power of the main radiation and, conse-
quently, reduce the influence of amplifica-
tion saturation that raises the efficiency of
laser pumping. Calculations show that in
the said lasers the optimum value of the the
nonlinear coupling coefficient is approxi-
mately by 8—5 times lower than the one for
the lasers containing active element (ARE)
and nonlinear converter (NC). This makes it
possible to use crystals with lower values of
the nonlinear coupling coefficient. For
ANM lasers radiation focusing is not re-
quired, therefore, the bulk of nonlinear
crystals can be used more effectively. More-
over, an essential drawback of AE+NC la-
sers is time instability of their radiation at
the second harmonic wavelength [1, 2].

The use of ANM has a number of opera-
tional advantages. In particular, the use of
one element in the resonator instead of two
elements raises the reliability of the device,
facilitates its adjustment, promotes reduc-
tion of the Fresnel losses. Moreover, in this
case wave phasing in the gaps between the
elements is not required, etec [1].

As concerns materials for effective non-
linear transformation of radiation (fre-
quency doubling), complex oxides with
asymmetric spatial arrangement of oxygen
bonds with polyvalent metals, such as Ti, V,
Nb, Ta are considered to be promising [3].
These compounds are inorganic polymers
with chain-like or cyclic arrangement of an-
ionic complexes.

The binary orthovanadates CagRE(VQ,);
(RE is Y and REE) Ca;gM(VOQ,); (M is alkali
metal) have the structure of "whitlockite”
type, and are isostructural to calcium or-
thovanadate Cas(VO,),. The latter has 5
non-equivalent crystallographic positions of
Ca, one of them (Ca(4)) being half-occu-
pied. This structure makes it possible to
obtain phase with different compositions at
heterovalent substitution of Ca by M* and
RE3*. So, the use of cations with different
charges, ionic radii and polarizability per-
mits to regulate their distribution over the
crystallographic positions, to influence de-
formation of their electron cloud and, con-
sequently, to control the second-order non-
linearity of the material [4].
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For creation of compact diode-pumped la-
sers crystalline matrices with several cat-
ions are preferable. Many of such crystals
are characterized by crystal structure disor-
dering. At RE3* ion doping they show spa-
tial isolation of the rear-earth cations and,
consequently, weak exchange interaction.
This causes an essential reduction of con-
centration quenching of f—f luminescence
of the cations and, as a consequence, the
possibility to obtain the crystals with a high
impurity concentration without worsening
of spectroscopic characteristics. In this con-
nection, the binary orthoborate
CazRE,(BO3), (RE =|Y, Gd) crystals seem to
be promising.

The values and quantity of the compo-
nents of the Stark splitting, the strength of
the oscillators of induced electric dipole
transitions of RE ions will be defined by the
local symmetry of the crystal lattice site
where the RE cation is located, and by the
crystalline field value. Thus, by changing
the local symmetry and the crystalline field
value one can influence the width of the
spectra of RE3* ions (Nd3*, Yb3*), the f—f
transition oscillator strength and, conse-
quently, the absorption and luminescence
cross-sections [H], as well as to vary the
quadratic nonlinearity of vanadates with a
structure of "whitlockite” type [4].

Moreover, crystal structure disordering
must lead to widening of the spectral bands
of the activator ions. In this case tempera-
ture stability of the wavelength of a diode
laser at pumping of the crystals containing
ions with narrow absorption bands, becomes
not so critical.

The aim of the present study was deter-
mination and analysis of the laser charac-
teristics of the Dbinary orthovanadates
Ca10L|(VO4)7Nd, CagLa(VO4)7Nd and the or-
thoborates CazRE,(BO3)4:Nd (RE — Y, Gd).
These crystals which possess disordered
structures and belong to different systems
are believed to be promising for laser engi-
neering.

2. Experimental

In view of high melting temperatures of
vanadates (~1500°C) and borates (~1450°C),
the crystals were grown in argon atmos-
phere. Ir crucibles and the "Crystal 3M"
type setup with induction heating and auto-
mated system of crystal diameter control
were used. The direction of the growing
crystal coincided with the crystallographic
axis [001]. Neodymium was added to the
raw material in the form of preliminarily
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Fig. Laser output vs. the electrical flash-lamp energy:
(2); b) — CazGd,(BO;),:Nd and CazY,(BO,),:Nd (2).

synthesized compounds CagNd(VO,); and
CazNd,(BO3),, respectively. The conditions of
the growth of the vanadate and borate single
crystals are described in details in [6, 7].

Under the mentioned conditions there were
obtained Ca10L|(VO4)7Nd, CagLa(VO4)7Nd and
CajRE,(BO3)4:Nd (RE — Y, Gd) single crys-
tals free of bubbles and cracks. According to
the data of chemical analysis, the total con-
centration of uncontrolled impurities in each
crystal was not higher than 2-5-1073 wt. %.
The crystals had a diameter up to 25 mm and
a length up to 80 mm.

Laser oscillation in the considered crystals
was experimentally studied at lamp pumping
in the regime of free generation. The transmis-
sion of the output mirror was 87 %. The laser
elements were 5 in diameter and 40 mm long.

The laser damage threshold was meas-
ured using YAG:Nd3* laser (A = 1.06 pm) at
single-mode generation. Thereat, the pulse
repetition frequency was 1 Hz at pulse du-
ration of 10 ns, the spot diameter amounted
to 45 um and the Gaussian distribution of
the intensity over the cross-section. The di-
mensions of the samples for determination
of the optical breakdown were
10x10x10 mms3.
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3. Results and discussion

The luminescence spectra of Nd3* ions in
binary vanadate and borate crystals contain
non-uniformly broadened lines in the region of
900 nm, 1060 nm and 1350 nm corresponding
to the transitions 4F3/2% 419,11,13/2 of Nd3*
ion. The spectral and kinetic characteristics of
these crystals are studied in detail in [8, 9].
Laser oscillation was obtained using the
most effective transition *Fg 5 — 417 9.

As seen from Table 1, the best was
achieved for the laser based on
CaglLa(VO,);:Nd crystal. The slope efficiency
was 0.99 % [10]. The said laser had the
minimal generation threshold equal to 8 J.
The slope efficiency of CaygLi(VO,);:Nd —
based laser was somewhat lower — 0.87 %
[11]. Thereat, its generation threshold was
by approximately by 1.5 times higher
(Fig. 1la). The obtained values of slope effi-
ciency of the vanadate-based lasers are com-
parable with the one of lamp-pumped
Y3A|5012Nd laser [12].

The slope efficiency of CaszY,(BOj3),:Nd-
based laser was twice as high in comparison
with that of Caz;Gdy(BOj3),:Nd-based laser.
However, for latter laser the generation

Table. Parameters of lamp pumping lasers based on binary vanadate and orthoborate crystals

Crystal Ca,gLi(VO,); | Cagla(VO,); | CasY,(BO,), | Ca;Gd,(BOj),
Concentration Cyy, mass. % 1 2.5 1 2
Luminescence (4F3/2 — 4147 /9) Apgy» DM 1068 1067 1062 1062
Generation threshold E,;, J 13.5 8 25.5 18
Slope efficiency Mg, % 0.87 0.99 0.34 0.16
Optical breakdown threshold J, J/cm? 78 80 36 21

448

Functional materials, 22, 4, 2015



M.B.Kosmyna et al. / Characteristics of lasers based ...

threshold was approximately by 30 %
lower. It should be also mentioned that the
efficiency and  generation  threshold
achieved for CazGdy(BO;)4:Nd-based laser
essentially exceeded the corresponding char-
acteristics reported in [13] for the said laser
at lamp pumping. The authors of [13] re-
ported 0.04 % and ~50 J, respectively.
Note that laser oscillation in
CazY,(BO3)4:Nd crystal was achieved for the
first time (Fig. 1b).

The concentration of neodymium in the
studied vanadate and borate crystals varied
in the 1-3 wt. % range. However, the slope
efficiency and generation threshold of the
binary vanadates and borates were practi-
cally independent of the concentration of
neodymium.

4. Conclusion

The binary vanadate crystals were found
to have a higher optical breakdown thresh-
old in comparison with that of the orthobo-
rate crystals. Thereat, the values of optical
breakdown of CaygLi(VO,)7:Nd and
CaglLa(VO,)7:Nd crystals were approximately
the same (are about 80 J/cm?). The optical
breakdown thresholds for CasY,(BO3),:Nd
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and CazGd,y(BO3)4:Nd crystals were found to
be 36 and 21 J/cm2, respectively.
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