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Abstract

In this paper, The D, —» 'F, emission transition probability in BaFCI,Br, _ :Sm?* system was studied. The
experimental studies show that, with the increase of Br concentration in the BaFCl Br, _.:Sm?* system, the 4f5d bands
of Sm?* are nearer to the °D, level and the D, — "F, transition probabilities increase. The effect of the *D, - 'F,
transition probability on the hole-burning quantum efficiency is analyzed. The increase of D, — F, transition

probability favours the increase of the hole-burning quantum efficiency.

1. Introduction

Materials of the M,M’;_ FClBr;_,:Sm**
series (M =Mg,Ca,Sr,Ba) have been widely
studied in photon-gated spectral hole-burning
studies since the first observation of the spectral
hole burning in BaFCl:Sm?” at 2K was reported
by Winnaker et al. in 1985 [1]. Then, the hole-
burning in the Sm?* mixed crystals at 77K [2-4]
and room temperature [5-7] has been reported,
respectively. The spectral hole burning of Sm?™ in
fluorohafnate glasses [8,9] at room temperature
has also been reported in recent years. These mater-
ials have potential use in high temperature hole-
burning for optical information storage.

Hole burning in BaFC],Br, _,:Sm?” system can
be performed in the 'Fo—°D,(J=0,12)
transitions (See Fig. 1). Because the "F,— D,
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transition is a 4f °~4f ® electric-dipole-parity forbid-
den transition, it has a small absorption cross
section and low hole-burning quantum efficiency.
So it is important to increase the 'F,— D,
transition probability and thus to increase hole-
burning quantum efficiency which is the main ob-
stacle for these materials to have practical use in
optical information storage.

The increase of D, — 'F,, favours the increase
of the quantum hole-burning efficiency.

2. Experimental

The samples were prepared by the same method
as described in Ref. [2]. The nominal molar con-
centration of Sm;0O; is 0.5%. BaFC1,Br, _,:Sm?*
samples were prepared with different values of
x (x = 1.0, 0.75, 0.5, 0.25, 0).

Excitation spectra of BaFCl,Br; _,:Sm?* were
measured by monitoring the D, —» 'F, emission
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Fig. 1. Schematic diagram of hole-burning in BaFCl,-
Br,_,:Sm?2*.

and scanning the range of the 4f5d bands with
a Hitachi F-4000 spectrometer. In the process of
measuring the fluorescence spectra and the fluores-
cence decays, the samples were pumped by a
nitrogen laser and contained within a helium gas
closed-cycling cryostat or immersed into liquid ni-
trogen. A D330 Monochromater, a Boxcar aver-
ager and a Datemate microcomputer were used to
detect and analyze the fluorescence of
BaFClBr; _,: Sm?* samples.

3. Results and discussion

3.1. The 4f5d bands positions of the samples with
different x

Fig. 2 shows the 4f5d bands in the excitation
spectra of BaFCLBr; _.:Sm?*. We can see that
there are four peaks in each 4f5d bands. The peak
which is nearest to *D, energy level is at about
480nm and there is a shoulder on the low energy
side of the peak. The smaller the value of x, the
lower the energy of the shoulder, the energy separ-
ation between the 480 nm peak and the shoulder is
from several nm to more than 10 nm for the sam-
ples with different x. On the other hand, the posi-
tions of °D, energy level is almost unchanged with
x, therefore Fig. 2 shows that the position of the
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Fig. 2. Excitation spectra of BaFCl,Br, ,:Sm?* measured by
monitoring Dy — "F,, emission and scanning the range of 4{5d
bands. (a) x = 0; (b) x = 0.25;(c) x = 0.5;(d) x = 0.75;(¢) x = 1.0.

4f5d bands is nearer to the D, energy level with
decreasing x.

The f-f transitions of rare earth ions are first
order electric-dipole-parity forbidden transitions.
But it is well known that most of the transitions
of rare earth ion are electric-dipole transitions.
In the light of the Judd-Ofelt theory [10,11],
the reason is that the opposite-parity states are
mixed into 4f" states by odd parity static or dy-
namic crystal field. In BaFCl,Br; _,:Sm?*, the
D, level is very near the 4f5d bands which have
opposite parity, mixing of wave functions becomes
significant.

If |¥'J'J,> is the wave function of the °D, en-
ergy level and |¥ ") is the wave function of the 4f5d
bands, the mixed state |B) of the *D, energy level is
as follows:

|BY = |¥'J'J;)

oy XYL
=BT - B
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where H_ is Hamiltonian of interaction to produce
mixture of wave functions. If <{4|=<(W'J'J,| is
..... PRIy nln.«..n.. ~Af a
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P are as below:

<‘I’JJz|P|‘P"><?’”IHc|‘P’JJ D
E(YJJ)-EY)

CA|P|B) = Z

since |P") is the state of the 4f5d bands,

FF
(¥PJI PP is a parity allowed matrix element.

The smaller the energy separation
[E(JJ,)— E(W")], the larger the value of the
D, - "F, transition probability. So it is expected
that the D, — "F, radiative transition probability
increases with the decrease of x. This is consistent
with the experimental results in Section 3.2.

3.2. Dependence of the °D,—F, electron

transition probability on the value of x

experiments, it is found that the

D, - 'F, fluorescence changed with the approach
of the 4f5d bands to the D, level. Firstly, the
D, » 'F, fluorescence decay time decreased (see
Fig.3). Secondly, the intensity ratio of the
D, - F, to the *D; = 'F, transition at 77K
decreased with the decrease of x (see Fig. 4).

Fig. 3 shows the dependence of the D, » F,
fluorescence decays on temperature. From Fig. 3
we see that, at temperature below 30K, the
D, - "F, emission decay times approach satura-
tion values. With the increase of temperature, the
D, - 'F, decay times are shortened and the
D, —» 'F, intensities become weaker so that at
100 K temperature, the D, — "F, fluorescence is
difficult to be detected. The nonradiative transition
probability decrease with decrease of temperature.
It is well known that decay time © = 1/(R + W ,),
where R and W, are the radiative and non-
radiative transition probability, respectively. At
low temperature, T approaches 1/R, which is
a saturation value of 7. At temperature below 30 K,
the D, - "F, decay times approach saturation
values. This means that the nonradiative transition
probabilities below 30 K are negligible comparing
with the radiative transition probabilities [13]. In
that case, the °D, — ’F, decay times were deter-
mined by the radiative-transition probabilities of
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Fig. 3. Dependence of the D, » 'F, fluorescence decays in
BaFCl,Br; _,: Sm?* series with different values of x on temper-
ature. (a) x = 0; (b) x = 0.25; (¢) x = 0.5; (d) x = 0.75; (¢) x = 1.0.
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Fig. 4. Dependence of the fluorescence intensity ratio of
5D, = "Fy to °D,; = "F, transition on values of x at 77K.

D,. So the °D, »X; 'F; radiative transition
probabilities equal 1/, (7o is the saturation value
of the °D, - "F, decay time. By this method, we
get the dependence of the °D, — X, "F, radiative
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Fig. 5. Dependence of the D, — I, "F; transition probability
in BaFCl, Br, _,:Sm?" series on values of x.

transition probability R on value of x (see Fig. 5).
The °D, — X, "F; radiative transition probability
increases with decrease of x. This result is at-
tributed to increase of each D, — "F; transition.
According to experimental results, the relative
intensity of each °D, — "F, almost does not change
with x. So the °D, — ’F, transition probability is
proportional to the °D,—X;’F, radiative
transition probability. The D, — 'F, transition
probability increases with increase of Br concentra-
tion.

According to the Einstein equation:

R =8nhv3R/c?,

where R’ is the absorption probability. We can
obtain the ’F — °D, absorption probability which
is a important parameter for hole-burning efficiency.

The nonradiative transitions of *D, include the
5D, —» 4f5d electron thermal activation and the
D, —» °D; multi-phonon relaxation. The
D, — 4f5d electron thermal activation is a strong-
coupling interaction and the D, — °D; electron
nonradiative relaxation is a weak-coupling interac-
tion. In the light of the theory of multi-phonon
relaxation [12]:

Wi =Woe *B/KT,

Wy = Wioe *55KT(1 + (nd)?,

where, W, is the D, — 4f5d electron thermal ac-
tivation probability and W, is the *D, - D,
multi-phonon relaxation probability. AE, and AE,
are energy difference between °D, and 4f5d bands
and that between °D, and °D,; respectively.
(ny =e "okT)1 — e~"**T)is the average popula-
tion of phonons.

Based on the above formulation, the smaller the
value of x, the smaller the energy interval of
the °D, level and the 4f5d bands, the larger
the D, — "F, electron thermal activation prob-
ability W,. We know from the experimental results
that change of x has little effect on AE,. We assume
that change of x does not effect W, strongly. Sum
up the above discussion, the increase of the
D, electron radiative and nonradiative transition
probabilities with decrease of x makes the
D, - "D, fluorescence decay times shortened and
the intensity ratio of *D, —»"F, to °D, - 'F,
transition decreased.

3.3. The effect of the D, - 'F, absorption prob-
ability on hole-burning quantum efficiency

For the hole-burning experiment in the
5D, — "F, transition with pulsed laser, an approx-
imate solution was derived as follows [14] in the
light of the dynamical equations of the three energy
level system:

N3y =n31l 000, Noe ™7,
where, N, is the number of electrons captured by
traps in the ath pulse. 5,5 is the probability that
traps capture electrons from conduction band,
there 7,5 is taken as a constant. I and I’ are the
intensities of hole-burning laser and the gating
laser, 6, and ¢, are the 'Fy—°D, and the
D, - 4f5d absorption cross sections respectively,
u is the pulse width of the laser pulse. v is the
electron lifetime of the conduction band, Ny is the
"Fo, electron populations, a=In[(1 — s3Il
a0 ut’ No)/T], n=0, 1,2, ...,T is the interval
of the laser pulses.

The hole-burning quantum efficiency # is defined
as the number of trapped electrons produced by
a hole-burning photon when t approaches 0, so
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there is:
n=Nshw/lp=1n30600,1'T"Ngho.

Since o, is proportional to the absorption prob-
ability R’ of "Fy — °D,, so the hole-burning quan-
tum efficiency # is proportional to R'.

Therefore, in the case of weak excitation pumped
and gated by a pulsed laser, since the "F, — °D,
absorption probability of BaFCL,Br, _,:Sm?** in-
creases with decrease of x, the hole-burning quan-
tum efficiency performed in °D, energy level is
expected to be enhanced with the increase of Br
concentration.

4, Conclusions

In BaFCl,Br, _,:Sm?" system, the higher the
concentration of Br, the nearer the *D, level and
4f5d bands, the larger the 'F, — °D, absorption
probability. In the process of the hole burning
pumped and gated by a puised laser, the hole-burn-
ing quantum efficiency is proportional to the
"F, — °D, absorption probability R’. It is possible
to enhance the 'F, - °D, hole-burning quantum
efficiency with the increase of Br concentration.
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