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For the first time, laser generation is obtained in Zno_75Mgo_258e:Cr2+ single crystal.

It is established that wavelength tuning in this laser can be realized in 2.2-2.6 um region.
The optical, luminescent and generation characteristics of the new active laser medium are
studied and compared with the corresponding characteristics of ZnSe:Cr2* single crystal.

BroepBrie mosyueHa JiasepHas TeHepallug B MOHOKPUCTAJLIE Zn0 75Mgo 259€: Cr2*. Ilepe-
CTpOiiKa IJIMHBEI BOJHBI TeHePAIMKM MOJKET OCYIIeCTBIATHCA B AuamasoHe 2,2—2,6 MrM. Hay-

YeHBbI OIITUYeCKHue, JIIOMUHECIeHTHbIe "N I'€éHepallMOHHbIe XapaKTEePUCTUKNU HOBOM aKTHUBHOM
JIaSepHOfI cpeapl M IIPOBeJEHO HWX CPpaBHEHHEe C XapaKTepUuCTHKaMHu MOHOKPHCTAJJIOB

ZnSe:Cr?*,

As reported in [1], Zn,_,Mg,Se:Cr2* sin-
gle crystals can be used as a new thermo-
stable material for active elements of tun-
able lasers for middle IR region, with a
generation band shifted towards longer
wavelengths with respect to that of
ZnSe:Cr2* lasers being under active investiga-
tion and development [2-5]. Firstly
ZnMgSe:Cr2* samples were obtained by diffu-
sion doplng of 10x10x1 mm3 Zno7gMgoz1se
single crystal samples with chromium dif-
fusing from vapor phase in evacuated and
sealed quartz ampoules at 1250 K during
120 hours [1].

In this work, the optical, luminescence
and generation properties of Zng75Mgg o55€
crystals activated with chromium ions im-
mediately in the growing process (the chro-
mium concentration is 4-108 em™3) are stud-
ied for the first time. Zn0_75Mgo_2586:Cr2+
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single crystal boules of 20 mm in diameter
and 80 mm length were grown by the verti-
cal Bridgman method in graphite crucibles
under inert gas pressure. The determined
characteristics of these crystals were com-
pared with those of ZnSe:Cr2* crystals
grown by the Bridgman method.

The optical transmission spectra of
Zng 75Mgg 255€:Cr2*  and ZnSe:Cr?* single
crystals measured by a PerkinElmer Spec-
trum One FT-IR Fourier spectrometer and a
Shimadzu spectrophotometer show that the
maximum in the Cr2* ion absorption spectra
of the Zng,5Mgg o55€:Cr2* crystal (1.855 um)
is shifted towards longer wavelengths as
compared to that of the other crystal
(1.770 pym). This fact suggests that
Zn0_75MgO_25Se:Cr2+ is a material of promise
for pumping by lasers with the generation
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Fig. 1. Luminescence spectra of Cr2* ions (a) and luminescence
ZnSe:Cr?* (1) and Zny ,5Mg, ,5S€:Cr?* (2) crystals.

wavelength of 1.9-2.1 um (e.g. by those
based on Tm3* ions with diode pumping).

The luminescence spectrum of Cr2* ions
in ZnMgSe crystal is also shifted towards
longer wavelengths as compared to that of
ZnSe (Fig. 1a). Such a shift in the lumines-
cence and absorption spectra may be caused
by the fact that the crystal field in ZnMgSe
is weaker than in ZnSe. The presented spec-
tra measured under the same conditions
were excited by YAG:Nd3* laser with the
generation wavelength of 1.32 um. As a re-
ceiver, InSb was used cooled down to liquid
nitrogen temperature. Both spectra were not
corrected for the spectral sensitivity of the
measuring system. The luminescence decay
kinetics was also measured under YAG:Nd3*
laser excitation at the same generation wave-
length (Fig. 1b), but in this case the laser
worked in the modulated Q-factor mode, the
generation pulse duration being approxi-
mately 100 ns.

The measured data on the luminescence
decay kinetics of Cr2* in ZnMgSe and ZnSe
(Fig. 1b) testify that the lifetime of Cr2*
ions in the ZnMgSe crystal is shorter than
in ZnSe one (6.3 us and 8.1 us, respec-
tively).

The generation properties were studied
under pumping by a pulsed YAP:Er3* laser
(the generation wavelength 1.66 um) work-
ing in the free generation mode. The output
characteristics of the Cr2* lasers were exam-
ined both in non-selective and selective
resonator. The non-selective resonator was
formed by two plane mirrors with the rear
one having 100 % reflection at the genera-
tion wavelength and about 80 % transmis-
sion at the pumping wavelength, while the
output mirrors had various transmission at
the pumping wavelength. The selective reso-
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Fig. 2. Spectra of Cr®* generation in

ZnSe:Cr2* (1) and ZnMgSe:Cr?* (2) crystals in
non-selective resonator.

nator was obtained by placing a 60° dispers-
ing CaF, prism inside the non-selective
resonator.

The output characteristics of the
Zn, 75Mgg 255€:Cr2* laser were measured de-
pending on the absorbed pumping energy.
For that crystal, the differential generation
efficiency did not exceed 15 %, obviously
due to insufficiently good treatment of the
sample.

In Fig. 2, shown are the spectra of Cr2*
ion generation in the ZnSe:Cr?* and
ZnMgSe:Cr2* crystals. According to the pre-
sented data obtained under the same condi-
tions (pumping, optical resonator configura-
tion, mirrors), the generation spectrum for
ZnMgSe:Cr2* crystal (the generation band
maximum at A= 2.475 um) is shifted to-
wards longer wavelengths as compared to
that of ZnSe:Cré* (the generation band
maximum at A = 2.390 um).

With the dispersion prism placed inside
the optical resonator, there was attained the
tuning of the output generation wavelength
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being used as active media for tunable la-
sers of middle infrared region [6], the new
active material Zng,5Mgg ,55€:Cr2* has the
longest wavelength of the generation band
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Fig. 3. Tuning curves of laser generation in
Zny 75Mgg »55€:Cr2* crystal at different out-
put windows of the optical resonator: I —
R=60 %, 2 — R= 75%.

for Zng 75Mgg 255€:Cré* laser in 2.2-2.6 um

range (Fig. 3).

It should be noted that, in comparison
with all the known A!'BV! type compounds
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ZnMgSe:Cr2* — HoBe aKTHBHE cepeIOBHINE IJ Ja3epiB
cepeanboro 19 miamasony

10.A.3az0pyiixo, H.O.Koeanenko, B.M.Ily3ikoe,
O.A.Dedopenko, T.T.Baciee, M.E./lopowenko, B.B.Ocuxko,
I'.€ninroea, I1.Kopanda

Bnoepmie orpumanHo JiadepHy reHepallilo y MOHOKpPHCTAJL Zn0_75Mgo_25Se:Cr2+. ITepecTpo-
IOBAHHS JOBXMUHN XBWJII reHepaiiil Taxkoro Jasepa MOXKHA sailicHioBaTu vy pgiamasoHi 2,2—
2,6 mxm. [Hocruimkeno omTuuHi, JoMiHecumeHTHI Ta reHepariiini XapakTepHCTUKM HOBOTO
AKTHUBHOI'O JIA3€PHOI'0 CEPEHLOBHUIILA Ta IIPOBELEHO IX IOPIBHAHHS 3 XapPaKTEePUCTUKAMMN MOHO-

kpucraxis ZnSe;Cr2*,

Functional materials, 16, 3, 2009

331



