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PHOTOLUMINESCENCE OF Mn** IOuNs IN CaGaS;4

~ R.B. JABBAROV .
Institute of Physics of Academy of Sciences of Azerbaycan
370143, Baku, G. Javid ave., 33

The photoluminescence (PL) for CaGa,S,: Mn and its kinetics were investigated in the temperature range 77+300K. The samples were

excited by the mercury line of 365, 313 and 254 nm. -

It is found, that the PL is caused by intracentred transitions of the Mn?* ions namely of “T)(*G) — °A,(°S) and *A, ‘E (‘G) - °A,(°S).
The lifetimes of the excited statés corresponding to maxima at 545 and 650 nm, are 1,3-10°+9-107s and 2,6:10°+ 4-10°° s relatively in

the temperature range 77+300K.

1. Introduction

Investigation of the luminescence of ions of elements
with unfilled 3d and 4 £ shells in new matrices at the present
time has scientific and practical interest. The partial filling
internal 3d and 4f shells creates a possibility for optical
transitions between of energy, levels, having of the same
electronic configuration. Thus in most cases there is no
essential change of interaction of the activator with
surrounding ions (atoms), in bond formation with which the
electrons of intermal shell do not participate. A consequent of
that is the ruled nature of radiation spectra. We investigated
in detail the photoluminescence properties of the compounds
CaGa,S, activated by rare-earth elements and we found that
these compounds are effective photoluminescence materials
with high quant exit [1-3]. In the present paper we investigate
the photoluminescence properties of the compound CaGa,S,
activated by Mn”” ions.

2. Experimental results and discussion

The compound CaGa,S, was synthesized in the evacuated
quartz ampoule and in the medium on the activated coal.
Activation of this compounds by manganese ions was carried
out in synthesize process.
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Fig.1. PL spectra of CaGa,S, activated by Mn at 77K

In the wide temperature range (77+300K) crystals
CaGa,S,: Mn, transform ultraviolet radiation to visible one at
their excitation by the radiation of mercury lines of 365, 313,
254 nm. The results of PL investigations at 77K for CaGa,S,:
Mn (excited by the radiation of mercury line —365nm) are shown

in fig.1. It is seen that bands with maxima at 545 and 650 nm
are observed in the PL spectrum of CaGa,S,: Mn. The ratio
of these maxima values increases from 1,85 at 1% up to 3,3 at
5% Mn with increasing of the Mn concentration. The half —
width of indicated maxima is equal to 0,33 and 0,25 eV for
the samples containing 1% Mn. The increase of an jon
concentration of Mn ions results in extinguishing and
widening of maxima. It is established that the PL is caused by
the intracentred transitions of Mn®" ions “T\(‘G) - *A,(°S)
and “A°E (‘G) - °A,(°S).

Investigation of PL kinetics of CaGa,S,:Mn was the most
interesting in wide temperature range. Measurements were
made using of pulsed —nitrogen —laser LGI-21 (wave length
337 nm, length of impulses 3-10%) for determination of
lifetime of the Mn®" ions excited state as well as the PL
kinetics in these compounds.
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Fig.2. Time dependence of intensity in the PL spectra of
CaGazs,;I Mn at 77K

The time dependence of the intensity for the maximum
545 nm in the spectra PL CaGa,S,:Mn, at 77K is presented in
fig.2. The lifetimes of excited states corresponding to the
maxima 545 and 650 nm in temperature range 77+300K are
equal to 1,3-10%:9.107s and 2,610+ 4-10" relatively. The
linear dependence between 1gI and t shows on the time
decreasing of the maximum intensity in the PL spectra
according to the exponential law:

I, = : (1)

where I, is the luminescence intensity at moment t and I,
is the one at t=0;
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PHOTOLUMINESCENCE OF Mn?* IONS IN CaGa;S,

a= Sexp - — , 2
kT

where S is the frequency factor.
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Fig.3. a) Temperature dependence ratio I./I,forthe
maximum 545 nm in the PL spectra CaGa,S,: Mn, at
different times, t, us: 1-0,50, 2-0,75, 3-1,00, 4-1,25.

Such dependence corresponds to the monomolecular
mechanism of the luminescence. We analyzed the kinetics of
the kinetics of the PL at different temperatures on the basis of
the method, described in [4). Agrees [4], for a case of the
monomolecular mechanism of photoluminescence at different
temperatures the ratio I./I, is obtained. There are maxima
at T=T., on dependence I,/I, from T. If to construct
relation I,/I, from T at different times, the value of a
maximum will be increased with decreasing of time, also its
position shifts in the party of heats.

According to (1), maxima on the I,/I,=f(t)
dependence appear when at,=l. In this case, t, may be
considered as the time that is equal to lifetime of the excited
states of the activator ions, i.e. t,=r. Substituting value o in
(2), we have:

1
— = Sexp t 3)
T max
or
T ! exp Ee
= - 4
s KT, “

From (3) follows, that with increase 7 the value T,
decreases. On the basis experimental data, submitted on fig.3
(a), at different temperatures 7 are determined. The experimental
results in the coordinates 1gr ~ 10%/T,,, lic down on the
straight line very well. From the dependences (1)-(3) we
determined the activation energies of traps which are equal to
0,12 and 0,07 (see fig.3 (b)). The same values we found
earlier from the temperature dependence of the electrical
conductivity and on the basis of measurements of termo-
activated currents in crystals CaGa,S,:Mn.
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Fig.3.b) The dependence of 1g7 from 10%/ Ty for high
(1) and low (2) temperature maxima.

Substituting the experimental data for r and E. into
Eq.(3), we find the value of the frequency factor S = 10"°+10"'s".
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Mn?* IONLARININ CaGa:Ss - DO FOTOLUMINESSENSIYASI

CaGa;S«: Mn kristahmin fotoliiminessensiyast (FL) ve kinetikas: 77+300K temperatur intervahinda tedqiq edilmisdir. Nimune
365, 313 vo 254 nm civa xatleri ile hayecanlandirilmigdir. fonlann heyecanlanmis hallarimn yagama miiddetlerini ta’yin etmak iigiin

impuls azot lazerindon (4=337,1 ve 7=3,108 s) istifade olunmusdur,

CaGasS4: Mn birlesmesinin FL spektrinde 545 ve 650 nm maksimumlar miisahide edilmisdir.
Mieyysn olunmugdur ki, FLMn?* ionlarimin asafidaki merkezdaxili kegidleri ile elagedardir Ti(*G)>5A1(5S) ve
*A1*E(*G)—%A1(6S). 77+300K temperatur intervahnda 545 ve 650 nm maksimumlara uygun gelen hayecanlanmis hallanin yasama

middatleri uygun olaraq 1,3-106+9-10-7s ve 2,6-10-6+1,4-106 s -dir.
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®OTOJIOMHHECLEHIIAA HOHOB Mn** B CaGa,S,

doromomuaectenms (OJI) CaGaSy: Mn u ee KHHETVXA HCCHEI0BaHEl B HHTEpBaJe TEMIIEPATyp 77+300 K. O6pasus! Bo3GyKIANUCh
muEvsME pryTH 365, 313 u 254 M. Jlnst onpenencHus BPEMEHH JKASHH BO3GYXIECHHBIX COCTOAHUA HOHOB Mn*" u xumernku @JI B
CaGa,S,:Mn u3MepeHus TPOBOIMIKCE C IOMOIIBIO HMIYJIECHOTO a30THOTO JIasepa (A=337.1n =3.10% ¢).

B crexrpe ©JI CaGa,Ss: Mn 0BHapyXeHb! TIOIOCH ¢ MAKCHMYMaMH IIpK 545 u 650 HM.

yVcraroBnero, uTo ®JI 06yCIOBNEH BHYTPUIUEHTPOBEIMH TEPEXONaMH HOHOB Mn? “T,(‘G) - *A,(°S) 1 “A, ‘E ('G) - 6A,(°S). Bpems
KHU3HA ?OSGyX(HCHHLIX COCTOSHHM, COOTBETCTBYIOIIES MakcHMyMam 5435 1 650 =M, B vHTepBane Temmeparyp 77+300K cocrasnser 1,310%9107c u
2,6:10°%+1,4-10%. "

Jlama nocmynienus: 14. 03.01 ‘ Pedaxmop: 3.10. Canaes

e



