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Temperature dependence of the spectral properties of chromium ions
in Zn;_,Mn,Se solid solution crystals
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The temperature dependence of the spectroscopic properties of Cr*" ions in Zn;_xMnySe solid solution crystals
with varying manganese ion content (X =0, 0.05, and 0.3), was studied over a temperature range from 77 to
380 K. It was found that as the temperature increases, the maxima of the absorption (°T, — °E) and luminescence
(°E — °T,) spectra of Cr*" ions shift to shorter wavelengths almost linearly, at a rate of approximately 0.3 nm/K.
The width of the absorption and luminescence lines increases at a rate of about 0.2 nm/K. For the crystal with
x = 0.05, the lifetime of Cr*" ions remains virtually independent of temperature up to 300K (7 ~ 5.5us) and
decreases to 2.1 us at 380K. In the crystal with manganese content X = 0.3, the lifetime is stable (7 ~ 5.2 us) up
to 250K and then drops to approximately 1.1 us at 380 K.
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Introduction

The current interest in lasers based on ZnSe crys-
tals doped with chromium Cr’* ions stems from their
demonstrated high output parameters in continuous wave
operation (over 140 W [1]) at room temperature, as well
as their ability to generate ultrashort pulses (as short as
43fs [1]) in the mid-infrared (IR) 2—3um wavelength
range. The key benefits of divalent chromium as an active
ion in A"BY! group crystals include high absorption and
fluorescence cross-sections, negligible absorption from the
excited state, and a sufficiently long lifetime at temperatures
up to room temperature. Successful lasing has been
demonstrated in a number of A'BY! group crystals, such
as ZnS, ZnSe, ZnMnSe, CdSe, and CdMnTe. A thorough
investigation of the spectroscopic properties of Cr?* ions in
a wide range of Zn;_xMnySe (X = 0 — 0.4) solid solutions
at room temperature has been carried out recently, and
the possibility of achieving tunable Cr?* lasing in such
crystals under diode pumping has been demonstrated [9,10].
However, to the best of our knowledge, the temperature
dependences of spectroscopic properties of Cr’* ions in
Zn;_yMnySe crystals, such as the position and magnitude
of the maximum and the HWHM values of absorption and
fluorescnece spectra, have not been examined in detail.
Moreover, such studies performed for the ZnSe:Cr?* crystal
within a wide temperature range are also scarce [11,12].
Therefore, the aim of the present study was to investigate
the temperature dependence of spectroscopic parameters of
Cr?* ions in Zn;_,Mn,Se solid solution crystals.

960

Materials and equipment

The spectroscopic properties of Cr>* ions in Zn;_yMnySe
crystals with a manganese ion concentration close to the
minimum (X = 0.05) and maximum (x = 0.3) levels at
which the structure of the solid solution remains cu-
bic [13] were examined within a wide temperature range
of 77 — 380 K. For comparison, measurement data for the
ZnSe:Cr** crystal (manganese concentration X = 0) were
used.

In the studies, crystalls with similar Cr’* ion con-
centrations and approximately the same thickness, were
used. The absorption spectra were measured using a
Cary 5000 spectrophotometer across the 1000 — 2500 nm
range. The samples were placed into a cryostat cooled
with liquid nitrogen, with temperature control within the
range of 77 — 380 K. Fluorescence spectra and fluorescence
decay curves were measured in a similar cryostat under
excitation by nanosecond pulses from a Solar LP 603
parametric oscillator operating at a wavelength of 1700 nm.
The measurements were performed using a single-grating
MDR-2 monochromator (300lines/mm) and a Thorlabs
PbS-based photodetector connected to a Tektronix digital
oscilloscope. The signal from the digital oscilloscope was
fed to a personal computer.

Results and discussion

The examples of the absorption spectra of Zn;_yMnySe
crystals with manganese ion concentration X = 0 (ZnSe),
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Figure 1. Absorption spectra of Cr**
temperatures.

0.05, 0.3 measured at different temperatures are shown in
Fig. 1. It is clear that as temperature increases, all samples
exhibit a noticeable short-wave shift in the maximum of the
absorption spectrum, an increase in the spectrum width,
and a decrease in the maximum absorption coefficient value.
To determine these three parameters (magnitude, half-width
at halfmaximum (HWHM), and spectral position of the
maximum) more accurately, each of the recorded spectra
was approximated with a Gaussian curve (solid lines in
Fig. 1). It can be seen that a single Gaussian curve provides
a fine fit to the absorption spectrum across the entire
examined range of temperatures. The configuration diagram
of Cr?* ions presented in Fig. 2 [14,15] also suggests that a
single line is to be expected in the absorption spectrum,
while two lines should be present in the fluorescence
spectrum.

The parameters obtained as a result of approxima-
tion within the entire studied temperature range for
Zn;_xMnySe solid solutions with manganese ion concen-
tration X =0 (ZnSe), 0.05, 0.3 are presented in Fig. 3.
It is evident that the absorption spectra maxima shift
toward longer wavelengths depending on concentration X
of manganese ions in the crystal, similar to the findings
in [8]. Tt can also be seen that the temperature depen-
dences of the position of the maximum, the half-width
of the spectrum, and the maximum absorption coefficient
of all crystals with different concentrations of manganese
ions X may be approximated fairly well by straight lines
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Figure 2. Configuration diagram of the energy level splitting of
Cr*' ions in a tetrahedral configuration [14,15].

with close slopes. The maximum absorption coefficient
decreases at a rate of approximately 0.0013cm~!/K, the
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Figure 3. Dependences of the maximum absorption coefficient,
the central wavelength, and the HWHM value of the spectra
measured at different temperatures for Cr** in Zn;_xMnySe solid
solutions with varying manganese concentration X.

position of the absorption line maximum shifts toward
shorter wavelengths at a rate of approximately 0.3 nm/K
with an increase in temperature, and HWHM value in-
creases at a rate of approximately 0.2nm/K. It should be
noted that similar linear dependences of the position of
the maximum, the HWHM value of the spectrum, and
the maximum absorption coefficient on temperature for
Cr’* ions in a ZnSe crystal have also been observed
in [11,12].

It can be seen from Fig. 3 that the spectral position of the
absorption line maximum features a different dependence
at temperatures below 140K. The initial region may also
be approximated by a linear function, but the one with
a significantly (approximately 4 times) lower slope of
0.05nm/K. A similar deviation from the linear dependence
in the low-temperature region in ZnSe crystals has also been

observed in [11,12]. It should be noted that the temperature
dependence of the position of the absorption line maximum
in [16] also had two different slopes at the initial stage
8 — 120K and above 140K, which was attributed to the
temperature dependence of the density of phonon states.

Since it was impossible to maintain absolutely identical
conditions in the measurements of temperature depen-
dences of fluorescence spectra, the recorded spectra for all
three studied crystals were normalized to the peak value
of the fluorescence spectrum at each temperature. The
examples of measured and normalized fluorescence spectra
for Zn;_xMnySe solid solutions with manganese ion con-
centration X = 0 (ZnSe), 0.05, 0.3 at different temperatures
are shown in Fig. 4. Since the fluorescence spectra of
Cr?* ions correspond to two transitions (Fig. 2), each
recorded spectrum is expected to contain two lines [15].
Therefore, all the recorded spectra were approximated with
two Gaussian curves (solid lines in Fig. 4) in order to
determine the parameters of each spectrum (magnitude,
HWHM value, and spectral position of the maximum) more
accurately. It can be seen that a sum of two Gaussian curves
provides a fine fit to the fluorescence spectra of all three
studied samples across the entire examined temperature
range. Similar to the previously measured absorption
spectra, both maxima in the fluorescence spectra shift
toward shorter wavelengths with increasing temperature,
and the fluorescence line broadens at higher temperatures.

The parameters for two Gaussian curves obtained as a
result of approximation across the entire studied tempera-
ture range for Zn;_yMnySe solid solutions with manganese
ion concentration X =0 (ZnSe), 0.05, 0.3 are presented
in Fig. 5. The presented results clearly show that, similar
to the absorption spectra and to the reported in [8], both
maxima of the fluorescence spectra shift toward longer
wavelengths depending on manganese ion concentration X.
This shift for both maxima is independent of temperature.
It can also be seen that the temperature dependences of the
maximum position and the HWHM of the spectra for all
the studied crystals may be approximated fairly well by a
linear function, with a slope that does not depend on the
manganese ion concentration. As the temperature increases,
the position of the maximum of both fluorescence lines
shifts toward shorter wavelengths at a rate of approximately
0.3 nm/K, while the HWHM value increases at a rate of
approximately 0.2 nm/K. Notably, the mentioned parameters
are completely consistent with the values obtained above
for the absorption spectra, indicating that the dependences
are similar in nature. It should also be noted that, in
contrast to the absorption spectra, the fluorescence spectra
reveal virtually no difference in the width of the lines
corresponding to different concentrations of manganese
ions X across the entire examined temperature range.

The measured dependences of the lifetime of Cr>* ions in
Zn;_yMnySe solid solution crystals with varying manganese
ion concentration X =0 (ZnSe), 0.05, 0.3 are shown in
Fig. 6. It can be seen that this temperature dependence for
the crystal with a low manganese concentration (X = 0.05)
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Figure 4. Fluorescence spectra of Cr** ions in Zn;_xMnySe solid solutions with varying manganese concentration x measured at different

temperatures.

is close to the one of ZnSe (x =0). The lifetime for
both crystals remains virtually independent of temperature
up to room temperature (300K). The lifetime of Cr**
ions in the crystal with a high concentration of manganese
(x =0.3) starts decreasing earlier, at a temperature of
about 250K. As was proposed in [8], this is attributable
to stronger quenching due to a smaller gap AE,; between
the minimum of the adiabatic curve for level 3T, and the
point of intersection of the adiabatic curves for levels T,
and E in the configuration diagrams (Fig. 2).

Conclusion

Thus, to our knowledge, these are the first detailed tem-
perature studies on the dependence of spectral characteris-
tics of Cr?* ions in Zn;_xMn,Se solid solution crystals with
widely varying manganese ion concentration X = 0 (ZnSe),
0.05, 0.3 to have been carried out. It was demonstrated
that the maxima of absorption and fluorescence spectra
of all the studied crystals shift toward shorter wavelengths
almost linearly at a rate of approximately 0.3 nm/K with
an increase in temperature. The widths of absorption and
fluorescence lines also have a near-linear dependence and
increase in virtually the same manner with temperature
at a rate of 0.2nm/K. The temperature dependence of
the lifetime of Cr?* ions in crystals with low and high
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concentrations of manganese ions remains weak up to room
temperature and to 250K, respectively. The earlier and
faster temperature quenching of the fluorescence decay time
of Cr?* ions at higher concentrations of manganese ions X
may be attributed to a reduction in AE, value (4250 cm™!
for x = 0.05 and 3050 cm for ~!. x = 0.3 [8]).
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Figure 5. Dependences of the central wavelength and the
HWHM values for two Gaussian curves of the fluorescence spectra
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