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Detailed investigations of intermanifold luminescence intensity anisotropy in the main F3/2 —
— %I31/2 and additional *Fgj2 — 4I13;2 channels of the Nd3* ion in La,Be,O; crystals are carried out
for three crystallographic orientations @, b, and ¢ at 77 and 300 K. Orientational values of main

spectroscopic characteristics, including Stark luminescence branching ratios ﬁ?,r ,» peak and effec-
tive cross-sections (60", j and o‘gff) of the transitions, at the wavelengths of which stimulated emission

is excited, are determined for the iFsp2 —4131/2,15/2 channels. The temperature behaviour of laser
lines in the La,Be,0,:Nd** (F || ¢) crystals is studied for the 4F3/2 — 41112 channel in the tempera-
ture region of 77 to 300 K. Reswitching of laser lines, 1.0694 and 1.0785 pm, is observed in the tem-
perature region of liquid nitrogen. The explanation of this effect is done on the basis of spec-
troscopic investigations. The energy of Stark levels of Nd®* ions in La,Be,O, crystals is refined
and all excited laser lines are identificated. Preliminary analysis of spectroscopic properties is
carried out for Pr®* ions in La,Be,0; and the crystal-field splitting scheme is defined for the mani-
folds, transitions among levels of which correspond to the optical transparency band of La,Be,O;
crystals.

IlpoBenensl merajibHBIE MCCIEOBAHNA AHU30TPOINH IIPOCTPAHCTBEHHOTO PACIpe/le/eHAs
HHTEHCUBHOCTEH MEHMYIbTUIIIETHON JIIOMUHECIEHIINA HA OCHOBHOM 4Fgp — 113 1
ROLOJHUTETbHOM *F32 — %li32 Kanaunax wmona Nd®" B kpucrammax La,Be,0, maa Tpex
KpPUCTAIUIOrpaiIecKNX HanpasjieHuit a, b u ¢ mpu 77 u 300 K. Onpemenensl opueH-
TAIIMOHHEIE 3HAUEHUT OCHOBHBEIX CIHEKTPOCKONHYECKUX XapaKTePUCTHR, BKIOUAA ,,[UTap-

T
KOBCKUE ¢ KOIOPUIIMEHTH BeTBIEHUA JIIOMUHECIEHIN ﬁ?j, IHUKOBHE U 3QPeKTUBHEIE
TonepevHbnie CeYeHUsL (ogrﬁ u agff) Nepexonos, Ha JIMHAX BOJIH KOTOPBIX BO30y:KIEHO
b

CTUMYJIMPOBaHHOE M3Ty4deHHe B KaHanaxX *Fgp — 4112 13/2. MsyueHno TemmeparypHoe
HoBeJeHNe JNHNIL Tenepallun KpuCTaIoB La,Be,0;:Nd** (F || ¢) B raHaie *Fgjz — I11)2
B uHTepBaje Temneparyp 77 go 300 K. OGHapy:KeHO INepeKJ0UYeHre JUHMUII TeHepaluu
1,0694 1 1,0785 um B obgacTu TeMIlepaTyp KUKOIO a30Ta. [[aHO OOBICHEHHE BTOTO
adperTa HA OCHOBAHUM PE3YJIbTATOB CHEKTPOCKONMYECKHX WCC/AeN0BAHMil. YTouHeHa
9Heprus MTAPKOBCKUX yDOBHell nona Nd3* B kpucraiie La,Be,0; u ugenTugunupoBans
Bce BO30Y:/IeHHBIC ero JiasepHhble JIMHUW. IIpoBeseH npexBapuTeNbHBIl aHATIM3 CIEK-
TPOCKONMYECKUX CBOHCTB MOoHa Pr** B La,Be,0y u mocrpoeHa cxeMa KPUCTAIIIMYECKOIO
PACIIENIeHNsT MYJBbTHIIETOB, IE€PEeXOIbl MEKAY YPOBHAM KOTOPBIX IONAJAlT B OKHO
OIITUYECKOl TIPO3PAYHOCTH KPUCTAJIA.

1) Leninskii prospekt 59, 117333 Moscow, USSR.
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1. Introduetion

The perspectives of monoclinic La,Be,0;:Nd3* crystals as laser media are shown in
[1 to 3], where stimulated emission (SE) at the lines of the main *Fypp — 4T}, j2 transition
was studied in different generation regimes. In particular, in these detailed investiga-
tions it was determined that La,Be,05:Nd3®* crystals in comparison with Y,A1,0,,: Nd3+
give higher output energies (approximately by three times) in the Q-switched opera-
tion [2] and shorter pulses (by 2 to 3 times) in the paSine mode-locking performance
[3]. The SE wavelength of the La,Be,O;: Nd3+ crystals in the ‘Fyj5 — %142 transition
with 4, = 1.0698 um was refined and generation in the additional 4Fyj, — 113> tran-
sition “with Jg = 1.3510 um was excited first by us in [4]. The compound La,Be,0,
was first reported by Weir and Van Valkenburg in 1960 [5], who established its for-
mula on the basis of solid-state synthesis and listed optical and powder X-ray diffrac-
tion data. The crystal structure was determined by Harris and Yakel [6]. The first
information on the growth of single La,Be,0;:Nd3* crystals and the first data on
their spectroscopic properties were reported in [7]. In the cited papers as well as in
[8, 9] a number of important physical parameters of the La,Be,0; crystal were mea-
sured, which are listed in Table 1 for complete information.

The present work deals with complex investigations of luminescence and laser cha-
racteristics in anisotropic La,Be,0;:Nd3* crystals at 77 and 300 K. The main prob-
lems of the work are the determination of the orientational (over three crystallographic
axes @, b, and ¢) intermanifold *F3 — “I; and Stark luminescence branching ratios
(BYy and i), measurement of peak and effective cross-sections (007 and o) of the
transitions among *Fsp, #1119 132 manifolds. The investigations of SE temperature
behaviour and the problem of reswitching of the SE lines in the *Fyj2 — 4I;;,> channel
at temperatures of liquid nitrogen are discussed. Preliminary spectroscopic investi-
gations of the La,Be,O4:Pr3* crystals were also carried out and allowed to determine
the crystal-field splitting scheme of all Pr3* ion manifolds in the optical transparency
band of the La,Be,0; crystal.

2. Crystal Growth and Samples for Investigations

The La,Be,O; crystals were grown either from the preliminary synthesized starting
material or from the melt, obtained directly by co-melting BeO and La,0, oxides.
Beryllium oxide of 99.9999%, purity and lanthanum oxide of 99.999, purity?) were
used in the experiments. The Czochralski techniques with r.f. heating using platinum
and rhodium crucibles was employed. The growth was carried out in air, argon, and
in a mixed argon/air controlled atmosphere at a chamber pressure of 1.2 to 1.8 atm.
Growth experiments showed that Tyndall scattering caused by inclusions of Pt par-
ticles are the main defect of the La,Be,O; crystals grown from Pt crucibles. Particles
are included into the central part of the crystal over the entire length, where the linear
rotation rate is very small. The defect diameter is in the region from 0.1 to1 to 2 mm,
and mainly depends on the composition and the pressure in the crystallization cham-
ber. This defect is maximum in a crystal grown in air and in air/argon atmosphere
and is reduced to 0.1 to 0.3 mm at 1.8 atm Ar pressure. Such formation of the inclu-
sions depends also on the melting level in the crucible, especially when the volume de-
creased to lower than the half of the crucible. In the La,Be,O; crystals grown from
Rh crucibles the mentioned defect due to particle inclusion was absent in Ar atmos-
phere. The optimum growth regime for the La,Be,O,:Nd3* (1 wt9,) single crystals
of =~ 20 mm in diameter was the following: pulling rate 1.5 to 2.0 mm/h and rotation

) BeO of “OCY” and La,0, of “U” types (Soviet trade;marks).
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35 to 40 min~t. Some additional information on the La,Be,O5:Nd?* crystal growth
can be found in [1, 7, 8]. '

A single-block rectangular sample of 8 X 9 X 10 mm3 cut from a La,Be,05:Nd3*
(=~ 1 at%) crystal of high optical homogeneity (An = 10-%) with the sides perpendi-
cular (with an accuracy of about 2°) to the crystallographic axes a, b, and ¢ was used
for spectroscopic experiments. In laser experiments La,Be,0;:Nd3* (or Pr3+) crystal
rods (1 at% Nd,0, or Pr,0;) = 70 mm in length and 6 mm in diameter with plane-
parallel ends (= 10"") were used.

3. Experimental Technique and Investigation Methods

All spectroscopic measurements connected with the determination of Stark leve
energies and with the identification of transitions among these levels were carried out
by traditional methods (absorption and luminescence analysis) and SE spectroscopy
methods. Tn these experiments high resolution spectral apparates (such as DFS-8,
DFS-12, SDL-1, Specord 75-IR, and MDR-3 monochromator with 200 grooves/mm
grating) were used. Effective illuminating systems using quartz tungsten-iodine lamp
of KGM-12-100 type and Ar laser of LG-106M-1 type were employed for luminescence
excitation. The spectral line intensity (by spectroscopic quality parameter X) was
dotermined on the base of a modified Judd-Ofelt method (cf. [10, 11]) using a SF-8
spectrophotometer. The orientational luminescence spectra with high accuracy were
recorded on a SDL-1 grating spectrometer, which was energy calibrated by the emis-
sion of a special standard tungsten lJamp with colour temperature of 2850 K. It should
be noted that all possible luminescence excitation cases realized during the pumping
of a crystal in the real lasers, i.e. isotropic cylindrical and anisotropic excitation cases,
were taken into consideration. But, as our investigations show, the relative redistri-
bution of the intermanifold luminescence intensity for crystallographic orientations
a, b, and ¢ of the La,Be,05:Nd3* crystals weakly depends on the luminescence excita-
tion direction and practically is within the experimental accuracy (4:10%). The in-
vestigation of SE temperature behaviour was carried out using experimental tech-
niques described in [12 to 14]. A confocal resonator formed by two external spherical
multilayer mirrors (R = 600 mm) with transparency about 19, at the lasing wave-
length was used in laser experiments. A monochromator ZMR-3 and stroboscopie
lamp of ISSh-100-3 type were used for luminescence decay measurements. The inter-
manifold luminescence branching ratios 835+ were determined from the orientational
luminescence spectra by the method described in [12]. Their values give the spatial
distribution of the anisotropy of intermanifold transition intensities from the meta-
stable *Fgj, state of Nd?* ions in the crystals. The connection of A% and Stark B
with intermanifold luminescence branching ratios S, which were determined using
the parameter X mentioned above, is expressed by the following formula:
Bro=5ZBwr=53% Zhi, (1)
a,b, e ij a,b,e -
where the summation is carried out over all Stark ¢ —> § transitions of a given J - J’
channel and along the three crystallographic axes a, b, and c.
The orientational peak and effective cross-sections of the *Fgjz — 1112, 132 channel
transitions were calculating according to the formulae
or Iy Bi 2% Ay (2)

¢ = -
R 472n% AVium Trad 47*n® AVigm s

and
eff _ or imfmeyOT
S Ge,ij + ] Z .. pizn mae,im]‘m 2 (3)
(Emjm) =+ (43)
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respectively. In this form, ¢’ and o values take into account the initial level ()

population and characterize the real intensity of a luminescent line at a given tem-
perature and along a chosen direction of the luminescence observation. In (2) and (3)
s is the wavelength of the ¢ — j transition, » the refractive index (taken as orienta-
tionally independent, see Table 1), Af the orientational spontaneous emission prob-

Table 1l

Physical properties of La,Be,0; crystal at 300 K [2, 6, 9]

space group CS, — 02/c
lattice constants (A) ay, = 7.5356
by = 7.3476
¢y = 7.4387
angle between crystallographic axes ¢ and ¢ p = 91° 33
number of formula units per unit cell z =4
cation site symmetry La%t — C,
Be3t — C,
number of La®" ions, (cm™2) 1.94 x 1022

interatomic distances (A)

La—0 = 2.415 — 2.999
Be-O = 1.602 — 1.678
La-La = 3.944 — 4.897

(X-ray) density (g ecm™3) 6.061

molecular weight 375.8

hardness (Knoop, 100 g load) (kg mm~2) 890 (|| a)
890 (|| b)
810 (j[ e)

sound velocities (10° cm s71)

ultrasonic attenuation for longitudinal wave propaga-

I| @ axis (6.82);; (3.82)1s; (3.52)ss
| b axis (6.88);; (3.94)z; (2.92)ss
|| ¢ axis (6.55);; (3.70)zs; (3.48)ss

tion along the b-axis at 500 MHz (dB ps™?) 0.5
elastic constants (10'? dyn cm~2) C,, = 2.87
Cy =073
melting point (°C) =~ 1400
thermal conductivity (W em™! K1) 0.46 (]] @)
0.47(|| b)
0.47 (|| ¢)
thermal expansion coefficients (from X-ray lattice
constant measurements) (107¢ K-1) 7.0 (]| @)
7.9 (|| b)
9.5 (] €)
—0.9 (angle g)
refractive indices (at 1 pm) n, = 1.9641
ny, = 1.9974
n, = 2.0348
(at 1.3 pm) ng = 1.9566
n, = 1.9896
n, = 2.0262
angle between the crystallographic axis ¢ and the
indicatrix axis z o = 31° 30’
optical transparency (pm) 0.22 — 54
nonlinear refractive index (1072 e.s.u.) n, =~ 2.1
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300K

Table 2 S
Tntermanifold luminescence branching ratios f.7.7- and By of La,Be,05: Nd3* crystals at

or
ﬁJJ’

crystallographic direction

laser channel®) frj-

|| e I b lle
e
Fgz — Tqy2  0.552 0.496 0.576 0.584
‘Fa0 — 132 0.125

0.118

0.123

*) Bygr = 0.317 for *F3;2 — 1Tg/2 transition and By = 0.006 for 1F32 — *lisp2 transi-
tion.

Table 3

Spectral characteristics and luminescence line intensities in the 4F3j2 — l112 transition
of Nd?* ions in La,Be, O, crystals at 77 and 300 K

I

wavelength ~ luminescence B3 Ajj (57 oerij (10719 cm?)
(A) linewidth - — . -

(cm™?) crystallographic direction

la | a Il b e

77K
10694 5-+03 0.15 990 4.69 5.54 3.22
10740 174+ 1.5 o = = = =
10785 9+ 05 0.117 770 2.06 2.43 2.95
10858 9+ 0.5 0.0526 350 0.95 1.08 1.33
10885 11 4+ 1.0 0.0823 540 1.2 1.43 1.16
10990 16 + 1.5 0.054 360 0.56 0.61 0.76
11080 11 + 1.0 0.04 260 0.6 0.67 1.13
300 K
10465 46 4 4.0 0.0085 200 0.03 0.03 0.03
10553 56 + 4.0 0.0218 520 0.06 0.07 0.09
10617 55 + 4.0 0.024 570 0.07 0.08 0.07
10640 57 4 4.0 0.031 740 0.08 0.1 0.09
10698 30 - 3.0 0.0983 870 0.51 0.6 0.36
10749 75 + 5.0 0.048 1140 0.1 0.11 0.12
10790 38 4 4.0 0.0815 720 0.34 0.39 0.48
10827 55 4+ 4.0 0.028 670 0.08 0.09 0.1
10857 38 4+ 4.0 0.037 330 0.16 0.18 0.21
10880 394 4.0 0.05 450 0.21 0.24 0.21
10995 53 + 5.0 0.039 350 0.12 0.13 0.15
11075 38 4-4.0 0.0284 250 0.12 0.14 0.22
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ability determined as
Adppr=5% X AY,

ij ea,b,c
where A= Bys/|Traa - Here Traq is the emission lifetime of the metastable ‘Fs» state,
Avpum the luminescence line-width, b; the i-th Stark level Boltzmann factor of the *Fsn
state relative to its first level (¢ = 1), p;f;"fm are coefficients characterizing the over-

Japping of the neighbouring lines of the i,, — jm transition with the line of a given
© — § transition.

The relative values of orientationally dependent 75 and 8} luminescence branching
ratios were found according to the luminescence spectra, recorded along the three
crystallographic directions a, b, and ¢ and corrected for the sensibility of photoresistar
and dispersion of SDL-1 spectrometer. Absolute values of 55 and {7 were determined
by (1), according to the determined values ;- and the relative values of the two coetfi-
cients mentioned above.

4. Experimental Results

The luminescence lifetime measured in a sample with low Nd3+ concentration
(=~ 0.3 at%) is equal to (155 + 10) us and constant in a large temperature range (up
to = 700 K). This shows that the luminescence quantum yield from the *Fysp levels

Table 4

Spectral characteristics and luminescence line intensities in the *Fgj2 — 4132 transition
of Nd*+ ions in La,Be,0; crystals at 77 and 300 K

wavelength luminescence ﬂ%-r A(i’; (s71) a‘éfﬁ (10719 em?)
(f&) linewidth - — -

(em™Y) crystallographic direction

ila 1K | Il e

TTK
13503 54-0.3 0.04 265 2.0 2.34 1.96
13647 9403 0.024 155 0.66 0.75 0.79
13763 10 4- 1.0 0.0115 75 0.29 0.31 0.29
13820 10 4+ 1.5 0.0085 55 0.22 0.24 0.24
13980 16 + 2.0 0.011 70 0.18 0.2 | 0.15
14135 16 4 2.0 0.013 85 0.22 0.23 0.22
14240 17 £ 2.0 0.01 65 0.16 0.18 0.18
300 K
13140 54 4- 4.0 0.004 100 0.02 0.025 0.015
13273 56 4- 4.0 0.0095 225 0.04 0.05 0.04
13382 56 + 4.0 0.0118 280 0.05 0.06 0.06
13439 59 1- 4.0 0.0053 125 0.02 0.025 0.02
13510 36 - 3.0 0.027 240 0.19 0.22 0.19
13591 68 - 5.0 0.0063 150 0.02 0.03 0.025
13650 37+ 3.0 0.017 150 0.12 0.14 0.14
13731 71 + 7.0 0.0044 105 0.015 0.02 0.015
13765 39 + 3.0 0.0076 70 0.05 0.05 0.05
13825 38 + 3.0 0.005 45 0.035 0.035 0.035
13985 48 + 5.0 0.0074 65 0.04 0.04 0.03
14137 50 - 5.0 0.0073 65 0.04 0.045 0.04

14243 - 52 4 5.0 0.005 45 0.03 0.03 0.03
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Fig. 1. Orientational luminescence spectra (*Fsjz — 41y1/2) of Nd?* ions in a La,Be,0; crystal at
77 K. The dashed curves show the results of decomposition of the complicated spectral contours.
For explanations see text

Fig. 2. Orientational luminescence spectra (*Fsj2 — 4Ty4j9) of Nd** ions in a T.a,Be,O crystal at
300 K. Notations as in Fig. 1

is near unity, and hence Tim = Traa. The analysis of the absorption spectra in the
g2 — 2Pqje and 4Ly — 150 transitions gives an X parameter value = 0.42. The
determined B, values for the *Fgpn — Ly and 4F3 — 4I;5/2 transitions correspond-
ing to the given X-value are listed in Table 2. Here the 85 coefficients measured by
luminescence spectra are also presented. The values of Avium, B3, Aff, and og; for the
“F32 > Hyq,2 and B30 — g transitions are shown in Tables 3 and 4, respectively.
The values of B were measured by the luminescence spectra shown in Fig. 1 to 4.
To prevent Tables 3 and 4 from being too bulky, values of 8% and Aj; are given only
for one crystallographic direction (|| @). The values of orientational etfective cross-
sections ¢t for the most intense luminescent lines related with laser performance
were calculated by (3) and are given in Table 5. The data of Tables 2 to 5 and the
spectra in Fig. 1 to 4 show that in spite of its low symmetry the La,Be,05: Nd**
crystal luminescence (unpolarized) anisotropy is weaker than that of some other
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Fig. 8. Orientational luminescence spectra (*F3;2 — *L13/2) of Nd3+ ions in a La,Be,O; crystal at
77 K. Notations as in Fig. 1

Fig. 4. Orientational luminescence spectra (4F3j2 — 4113j2) of Nd3* ions in a La,Be,0; crystal at
300 K. Notations as in Fig. 1

crystals (for example, see results on orthorhombic YAIO,; and monoclinic KY(WO,),
and KGd(WOQ,), crystals with Nd*# ions in [12, 15]). This agrees with the other
physical characteristics of the La,Be,0; crystal given in Table 1. In the recent work
[16] the weak anisotropy of the spectra for this crystal was also noted. Our results
on the orientational luminescence investigations (along crystallographic axes a, b,
and ¢) may be added to the data of [2], where polarized luminescence in the directions
corresponding to the indicatrix axes of the La,Be,05:Nd3* crystal was studied. In
the latter case a considerable luminescence line anisotropy for the *Fgjz — 1152 tran-
sition was observed.
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Table 5
Effective cross-sections of some intense luminescence lines of La,Be,0;: Nd3* rerystals
laser channel  line T 0¢f (10719 cm?)
wavelength (K) T :
(&) crystallographic direction
la b IE:
g2 — #1112 10694 77 4.69 5.54 3.22
10785 2.06 2.43 2.95
10698 300 0.57 0.68 0.45
10790 0.47 0.53 0.62
iFgi2 — 132 13503 77 2.0 2.34 1.96
13510 300 0.22 0.25 0.22

In our investigations Stark levels of the Nd3* ion, the absorption transitions to
which from the ground %I, state correspond to the optical transparency band of the
La,Be,O; crystal, were determined at 77 and 300 K. These data are given in Table 6.

In the present laser experiments the main problem was to investigate the tempera-
ture dependence of SKE. The character of the SE temperature behaviour in the 4F3;2 —
— 4l31j> transition lines of Nd3* ions in the La,Be,O5 (F || ~ ¢) crystal is in good
agreement with the luminescence spectra shown in Fig. 1 and 2. At 77 K generation
1s observed only at the short wavelength 1.0694 ym line, but at =~ 80 K already at
both line mentioned above and the longer wavelength 1.0785 pm line (see Fig. 5).
As Fig. 5 shows, with further increase of temperature up to 300 K, generation occurs
only at the longer wavelength, corresponding to the R; — Y, line in the luminescence
spectra (see Fig. 2, case || ¢). The mentioned feature of the SE temperature behaviour
is explained by the presence of two lines = 1.0749 um and A = 1.0827 pum, neigh-
bouring with the R; — Y, line and influencing its intensity in the emission spectrum
of the La,Be,05:Nd** (F || ¢) crystal. These two neighbouring lines (R, — Y; and
R, — Y, see Fig. 1 and 2) belong to the excited component (R,) of the metastable

J Ast T(K)
300
300

150

100

—>

Fig. 5. SE temperature spectra of La,Be,0;: Nd3* crystals. Standard line wavelength As; = 10561 A.
a)Flla,b)F||c

9 physica (a) 59/1
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Table 6
The 4f2 [S, L, J] manifold splitting of Nd®* ions in La,Be,O; crystals at 77 and 300 K
S,L,J level positions (ecm™) component AE
number (cm™Y)
theor.  exper.

77K
Tg/2 0, 110, 225, 350, 495 5 5 495
1y 1961, 2040, 2102, 2125, 2213, 2287 6 6 326
o ST 3906, 3984, 4046, 4076, 4159, 4237, 4290 7 7 384
M52 5820, 5933, 6003, 6090, 6210, 6298, 6395, 8 8 675

6495
1Fs/0 11312, 11525 2 2 213
¥y + 2Hopp 12347, 12450, 12497, 12538, 12578, 12631, 8 8 (439)

12697, 12786
1F7/2 + %8372 13265, 133178, 13507, 13518, 13540, 13610 6 6 (345)
1Fyj2 14565, 14661, 14715, 14801, 14889 5 5 324
*Hi1p2 15869, 15878, 15925, 15960, 16003, 16026 6 6 157
G52 16954, 17034, 17108 3 3 154
(2G, *G) 72 17221, 17261, 17302, 17355 4 4 134
(3G, 1G)7p2 18851, 18911, 18938, 19016 4 4 165
2Kqge + 2Ggz 19143, 19358, 19373, 19415, 19464, 19512, 12 10 (880)*)

19618, 19692, 19800, 20023
1Ggj2 + G112 -+ 20838, 20890, 20912, 20961, 20996, 21024, 21 20 (1189)*)
- 2Ky -+ 2Dgj2 21114, 21227, 21278, 21345, 21373%), 21398%),

21475, 21513, 21596, 21618, 21661, 21742,

21862, 22027
2Py 23126 1 1 —
D52 23496, 23745%), 23954%) 3 3 458%)
P32 25936, 25167%) 2 2 231%)
300 K
g2 0, 110, 225, 350, 495 5 5 493
Ti1p0 1962, 2042, 2100, 2120, 2215, 2282, 6 6 320
132 3908, 3984, 4045, 4077, 4160, 4235, 4290 7 7 382
¥ 11310, 11518 2 2 208

*) These values of energy levels and total splitting of manifolds (AE) require more accurate
definition. The total splitting of manifolds, the level separation of which is difficult, is taken in

parantheses.
Table7
Laser characteristics of La,Be,0,:Nd3* crystals
laser channel crystal T laser Einr
orientation’ (K) wavelength (J)
(4)
g — 12 Flle 77 10785 0.5
85 10785 —
10694 =
300 10790 3.0
Fila 300 10698 1.8
2.5

Fge — g Flla 300 13510
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SN 758 Fig. 6. Simplified scheme of Nd** ion levels in La,Be,Oy crys-
it =117 tals at 300 K. Thick arrows corresponding to laser transitjons.

The level positions are in cm™! and transitions between them
L A in A
g 8 0B
4290
4235
. 4760
Lay 4077
4049
3984
3908
28
7%
210
2100
204

1962

4F,; state and broaden with temperature increase, rising in intensity due to the Ry
component Boltzmann population and hence overlapping with the laser R; — Y, line.
This results in the rise of the effective cross-section of the latter line. The results of
laser measurements of the La,Be,05: Nd3* crystals are listed in Table 7, and the data
of the identification of the registered induced transitions are shown in Fig. 6.

The study of the La,Be,0;:Pr3* crystal absorption and luminescence spectra (see
Fig. 7) was carried out as a first step of its investigations. The analysis of these spectra
permitted us to determine the crystal-field splitting scheme of the Pr®* ion manifolds,
the transitions between the levels of which correspond to the optical transparency
band of the La,Be,O5 crystals. These data are given in Table 8. The experiments on
SE excitation in the 3P, — 3H, and 3P, — 3Hj; transitions which gave negative results
were also carried out at 77 K. The obtained information about the La,Be,05: Pr3t
crystal properties allows us to consider it as a potential lasing medium.

4
S
=
§ 7+ jf/))_JHJ' 3’50’_’3}"/6
5
| M
0 L 1 1 i | l/N I !
054 05 058 a60 067 064 066
Aiuml —

Fig. 7. Luminescence spectra (°P, — *H; and °P, — *Hg) of Pr** ions in La,Be,0; crystal at
77K

g*
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Table 8
The 4£2 [S, L, J] manifold splitting of Pr3* ions in La,Be,0; crystals at 77K
S,L,J level positions (em™) component AR
number (ecm™?)
theor. exper.
SH, 0, 6%), 25, 57, 165, 207, 543, 720, 771 9 9 771
3H, 2111, 2123, 2135%), 2175%), 2288, 2302%), 2456, 11 10 721%)
2576, 2635, 2832
3H, 4181, 4195, 4212, 4361, 4377, 4556, 4589, 4657, 13 13 929
41728, 4782, 4912, 5075, 5110
3F, 5172, 5226, 5239, 5282, 5348 5 5 176
3F, 6489, 6533, 6564, 6590, 6632, 6654, 6729 7 7 240
3K, 6944, 6962, 6989, 7052, 7082, 7103, 7145, 7205 9 8 261%)
1G, 0712, 9798, 9864, 9968, 10020, 10090, 10141, 9 8 650%*)
10362
1D, 16495, 16718, 16934, 17028, 17094, 5 5 599
5P, 20500 1 1 —~
P, 20670, 20697, 20930 3 3 260
T, 20986, 21037, 21109%), 21 250, 21282%), 21314, 13 9 443%)
21 844%), 21371%), 21 429%)
3P, 22106, 22179, 22331%), 22527, 22590 5 5 484

*#) These values of energy levels and total splitting of manifolds (AE) require more accurate
definition.
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