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CONCENTRATION QUENCHING OF LUMINESCENCE OF NEODYMIUM
IONS IN LayS3x2Ga,S; GLASS
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Institute of Physics of NAS of Azerbaijan
AZ-1143, Baku, H.Javid av.,33

The relaxation processes of neodymium upper laser level *F, in La,S;x2Ga,S; glasses have been investigated. The microparameters of
donor-acceptor (Cpa) and donor-donor (Cpp) interactions, and also minimal distance (Ryin,) have been defined from analysis of experimental
decay curves in total investigated time interval at condition of best coincidence of experimental and calculated data.

Last time the intensive searches of new laser mediums
with high neodymium content for miniature lasers and
elements of integrated optics have been carried out.

The phenomena of concentration quenching of
luminescence is the one from the main difficulties of increase
of neodymium concentration in laser mediums. The presence
of suitable intermediate levels between neodymium main and
excited states provides the effective cross-relaxation that
essentially increases the probability of non-emitting
excitation decay. Such disadvantage in neodymium level
circuit leads to the fact, that its concentration in most active
elements usually doesn’t exceed the several percents.

The present paper is dedicated to investigation of energy
relaxation processes with upper laser neodymium level *Fap
in set of semiconductor glasses (La;Ndy),S;x2Ga,S;
(x=0.004; 0.14; 0.32). Moreover, the analysis method of
decay curves of excited state after “immediate” impulse
excitation [1] by laser radiation on rhodamine base 640
(1=0.591mcm) was used by us. The impulse duration was
~15 ns. The spectral selection of radiation of investigated
samples was carried out with help of monochromator
MDP-2.

It is known, that analysis of curves of non-emitting decay
of excited state leaded to revealing of three stages of non-
emitting energy transfer: static ordered one, static disordered
one and stage of migration-limited relaxation [2]. This
circumstance allows to define the microparameters of donor-
acceptor (Cpa) and donor-donor (Cpp) interactions, and also
minimal distance (Rpin.), that in one’s turn allows to plot the
decay curves of excited state at any promoter concentrations
and consequently, to obtain the concentration dependence of
luminescence quant output from upper laser level and to
define the optimal concentration of working impurity.

The Ryn, value is defined by several methods. The one of
them consists in measurement of velocities of static ordered
quenching
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where np is acceptor concentration. It is need to note, that
non-emitting decay of electron excitation in metastable state
*Fq, takes place in the result of cross-relaxation effect
through intermediate distance of main term ‘I. Moreover,
each neodymium ion can be as quencher, so energy carrier,
1.€. Na=Np, where Np is donor concentration.

Substituting in this formula the microparameter value
Cpa, found on region of static disordered decay, we define
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Rmin.- The other method consists in the following. It is known,
that expression for function of non-emitting losses at static
dipole-dipole energy transfer with taking into consideration
of minimum distance donor-acceptor, which is not equal to
zero, has the form [3]:
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So extrapolating the experiment part /7 (\ﬁ ) till t=0, we
obtain value “a”:
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whence the value Ry, is defined.

The dedication of region of static disordered decay and
definition of Cppa, on this region is the “weak” place at R pp
definition by two above mentioned methods. The unit
establishing process of density stationary profile of donor
excitations round acceptor (moreover it can be said about
non-stationary migration-accelerated quenching) takes place
after sample Jexcitation and it is possible to speak about
extraction of static disorder quenching from this process only
at Rw>>Rmin, when the big enough quantity of seats,
providing the distance dispersal donor-acceptor in different
spheres (in “joint sphere”) is in quenching sphere with Ry
radius. By other words, the ratio
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donor transfer should be correct. This will be expressed in
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strong modulation of decay curve, i.e. it will be strongly
differ from line in semi-logarithmic scale. The

Z'1<<t<< 70
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should be for application of usual analysis methods of static

disorder decay (e ﬁ) . The condition (6) can be “softened”,
if we use expression 71(t), defined by formula (2), but not the
() = ;/\/E . Moreover, the condition (6) becomes
somewhat soft:

O<t<<r. )

The curve analysis of non-emitting decay of neodymium
excitation state *Fg in La,S3x2Ga,S, — Nd** glasses leads to
the fact, that conditions (6) and (7) aren’t correct and because
of this fact it is impossible to dedicate the region of static
disordered decay and to define the Cps microparameter on it.
That’s why in this case the specification of experimental
decay curve in total investigated time interval and definition
of interaction microparameters (Cpa and Cpp) and minimum
distance Rp,. from condition of best coincidence of
experimental and calculated data are the uniquely right ones.

According to theory, developed in paper [4], the kinetics
of migration-accelerated process, given by N(t) function, is
described by integral equation
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describes the kinetics of excitation outflow, and N, = (¢™"")

is kinetics of static quenching excitation by acceptors. Here 7
is life time of excited level, and W is probability of donor-
acceptor interaction. In particular, Ng has the following form
at dipole-dipole interaction:

N, =(e™)y=e7"", (10)

where

y =37 n,Cl

It is need to note, that outflow kinetics R(t) coincides
function (9) even in case of ordered donor position only on
initial stage (t<7), when excitation return on initial center
can be neglected. At dipole-dipole interaction outflow
kinetics [5] at particle taking into consideration return and at
taking into consideration dispersal on distances between
donors has the following form:

R() = eXp(—\/;)

where T is average residence time on initial center.

That’s why in equation (8) R, can be replace by R, after
that instead of formula (8)we will obtain the following kinetic
equation for quenching

an
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N(®) = Ny (DR~ [ N, (t—t)RE~t)N(t)dt'. (12)

The minimum distance donor-acceptor didn’t take into
consideration in equation (12). As it has been more than once
noted, the damping law of donor number with taking into
consideration “forbidden volume” differs from non-
exponential decay (10) and has the form:
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That’s why in order to take into consideration the minimal
distance donor-acceptor Ny should be replaced by N (') in

equation (12). After this replacement we obtain the following
equation:

N(®) = No(OR(®) —jNO(t —t)RE-t)N(t)dt’ - (14)
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Fig.1. The experimental (entire lines) and calculated (points)
of decay curves of metastable state 4F,,Nd*" in
(La;Nd,),S5x2Ga,S;: glasses: 1- x=0.004; 2- x=0.14; 3- x=0.32.

It is impossible to solve this equation in analytic form and
N(t) can be investigated by only numerical methods. Thus,
solving equation (14) numerically, it is possible to obtain
Cop, Cpa and Ry, microparameters from condition of best
coincidence of experimental and calculated curves. The
experimental decay curves are given by entire lines and
calculated decay curves are given by points on the fig.1.
From condition of best coincidence of experimental and
calculated data for neodymium ions in La,S;x2Ga,S; glass on
specification of decay curves in total investigated time
interval the following parameter values have been defined:

0
Rmin. = 5’4 A
Cpop =2,5x10"cm’s™

Cpp =1x107%cm’s™
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LaxS3x2Ga:S3 SUSOLORINDO NEODIM IONLARININ LYUMINESSENSIYASININ KONSENTRASION
SONM®OSI

La2S3x2GaxsS; stisolorinde neodim ionlarinin 4F3»2 yuxari lazer soviyyesinin relaksasiyasi todqiq edilmisdir. Mikroparametrlor
donor-akseptor (Cpa), donor-donor (Cpp) homginin minimal mosafo (Rmin) eksperimental par¢alanma oyrilorinin biitiin todqigat
aparilan zaman intervalinda analiz etmoklo eksperimental vo hesablama ndqtelorinin on yaxst ist-listo dilgmolorino géro toyin
edilmisdir.

I''. Adytaasioos, .. I'yceiinoB, A.A. MamenoB

KOHIHEHTPAIIMOHHOE TYINEHHUE JIOMUHECHEHIIMA NOHOB HEOJIUMA B CTEKJIE La,S53x2Ga,S;3

HccnenoBanbl mpolecchl penakcalMd BEPXHErO JIa3€pHOTO YpPOBHS HEOAMMa 4F3/2 B crexkimax La,S;x2Ga,S;. U3 anamumsa
9KCIEPHUMEHTAIBHBIX KPUBBIX paclaja BO BCEM HCCICAOBAHHOM BPEMCHHOM WHTEPBAJC IPH YCIOBHUHM HAWIYYIIETO COBIAACHUS
9KCIEPHUMEHTAIBHBIX ¥ PACUYCTHBIX JTaHHBIX OBLIH OIpEICICHBl MUKPOIapaMeTphl B3auMmojeicTBuidl qoHOp — akuentop (Cpp), U AOHOD —
noHop (Cpp) a Takke MUHHUMaNBbHOE paccTostHUE (Rpin).
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