Functional Materials 17, No.3 (2010)

Novel material for active elements
of lasers tunable in 4—5 um range:
Fe2*:Zn,_ Mg, Se single crystals

Yu.A.Zagoruiko, N.O.Kovalenko,
O.A.Fedorenko, A.S.Gerasimenko

Institute for Single Crystals, STC "Institute for Single Crystals”, National
Academy of Sciences of Ukraine, 60 Lenin Ave., 61001 Kharkiv, Ukraine

Received August 19, 2010

As a new laser material for active elements of tunable lasers for mid IR region
(4-5 um), Zn,_ Mg,Se (0.11<x<0.42) single crystals doped with Fe2* ions are proposed.
The optical absorption spectra of Fez":ZnO.BgMgO.HSe and FeZ+:Zn0_69Mgo_31Se samples con-
tain intense absorption bands peaked at 3.212 and 3.374 um, respectively. The absorption
band maximum of the wideband semiconductor laser material FeZ+:Zn1_XMgXSe shifts to-
wards longer wavelengths as the magnesium concentration in the crystal matrix increases.

B kauecTBe HOBOrO Jla3epHOro MaTepuaa IS AKTHBHBIX JJIEMEHTOB II€PeCTParuBaeMBIX
nasepoB cpepHero WK nmamasona (4—5 MKM) IpeijosKeHB MOHOKpmcTaansl Zn,_ Mg, Se
(0,11<x<0,42), meruposanusle moHamu Fe2*. CHeKTpPH ONTHYECKOro IIOTJIO[EHN: 06pPasIloB
Fez":Zno_BgMgo_HSe u Fez":ZnolegMgO.MSe XapaKTepusyloTcA II0J0CAMU CHJIBHOTO IIOTJIOIIE-
HHAS C MaKCUMyMaMu cooTBeTcTBeHHO 3,212 u 3,374 mrm. IlonoskeHue MakKcumMyMa II0JOCHI
IOTJIOIIEHUA IIMPOKO30HHOIO IIOJYIIPOBOAHMKOBOIO JIA3EPHOI'0 MaTepuaJia FeZ+:Zn1_XMgXSe
CMeIaeTcsi B AJMHHOBOJHOBYIO O0JIACTH C yBeJIMUYEHHEM KOHIIEHTPAIIMN MArHUS B KPHUCTAJ-
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JIUYEecKOil mMarpuile.

In modern material science, a great deal
of attention is given to new class of laser
crystals intended for active elements of tun-
able lasers for mid IR range (2-5 pm). Such
materials are obtained by doping the crys-
tals of ABY! binary compounds and the
solid solutions thereof with transition metal
ions (Cr2*, Fe2*, Co?*, etc.) [1, 2]. The
Cr2*:ZnSe and Fe?*:ZnSe crystals are stud-
ied most comprehensively [1-8]. For the 4—
5 pm wavelength range, a laser medium of
promise is the Fe?*:ZnSe crystal with Fe2*
ion concentration of about 1018 cm™3. The
continuous tuning of Fe2*:ZnSe lasers
within the 3.77-4.40 pm spectral range in a
prismatic dispersion resonator has been re-
alized in [2].

In [4], we have first reported the applica-
tion possibility of Cr-doped Zn,_Mg,Se sin-
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gle crystals (being more thermostable and
wider band as compared to ZnSe) for active
elements of the mid-IR tunable lasers. The
generation characteristics and parameters
of such lasers have been studied in [5] tak-
ing Cr2*:Zny,6Mdg 24S€ as an example. It
has been found that the generation band maxi-
mum in the new thermostable wideband semi-
conductor hexagonal material Cr+:Zn 1—Mg,Se
is at 2.47 uym wavelength, thus exceeding
the corresponding parameter of all the
known active media based on AlBV! binary com-
pounds and the solid solutions thereof doped
with Cr2+:ZnS, ZnSe, ZnTe, CdS, CdSe, CdTe,
Cdg gZng 4Te, CdgesMgg3sTe, CdggsMng 15Te,
Cdg 55Mng 45Te. In continuation of studies
[4, 5], Zn,_,Mg,Se (0.11<x<0.42) single
crystals are proposed in this work as a new
active laser meduim.

Functional materials, 17, 3, 2010



Yu.A.Zagoruiko et al. /Novel material for active ...

5 mm
———

Fig. 1. The appearance of a FeZ+:Zn1_XMgXSe
single crystal sample.

The raw blend for the crystal growth
consisted of polycrystalline ZnSe, MgSe,
and FeSe compounds. The Fe?*:Zn,_ Mg,Se
single crystals with iron concentration of
2-1072 wt. % having 28 mm in diameter
and 50 mm height were grown using the
vertical Bridgman technique in graphite
crucibles under excess argon pressure
(Fig. 1). In Fig. 2, presented are the optical
absorption spectra of Fe2*:ZnSe and
Fe2+:Zn1_XMgXSe samples calculated from
their optical transmission spectra taking
into account the corresponding refractive
indices. The transmission spectra were
measured using a Perkin Elmer Spectrum
One FT-IR. The data for the Fe?*:ZnSe sam-
ple are presented for comparison.

As is seen in Fig. 2, the optical absorp-
tion Spectra of F62+:Zn0_89Mgo_11se and
Fe2+:Zn0_69Mgo_31Se crystals are charac-
terized by intense absorption bands with
maxima at at 3.21 and 3.37 um, respectively,
due to the Fe?* ions present in the crystal
matrix. As to Fe2*:ZnSe, the absorption band
maximum is at 3.106 pm. The presence of
those absorption bands evidences a possibility
to use the Fe?*:Zn,_ Mg,Se crystals as a new
thermostable material for active elements
for the mid-IR tunable lasers with the gen-
eration band shifted towards longer wave-
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Fig. 2. Optical absorption spectra of crystals:
Fe?*:ZnSe (1), Fe?":Zn,gMg,1,Se (2) and
Fe?":Zng soMgg 515€ (3).

lengths as compared to that of Fe2*:ZnSe.
The position of the absorption band maxi-
mum of the wideband semiconductor laser
material Fe?*:Zn,  Mg,Se depends on the
magnesium concentration in the matrix,
being shifted towards longer wavelengths at
increasing Mg concentration.

The results obtained are of a practical
interest, because those show a possibility to
shift the generation band of tunable
Fe2+:Zn1_XMgXSe lasers towards longer
wavelengths (by approx. 0.27 um) and to
extend the tuning spectral range thereof,
similarly to the facts observed for the
Cr2*:Zng 76Mgg 24S€ crystal [4—6].

References

. I.T.Sorokina, Opt. Mater., 26, 395 (2004).

2. V.A.Akimov, A.A.Voronov, V.I.Kozlovsky et
al., Kvantovaya Elektronika, 34, 879 (2004).

3. M.E.Doroshenko, P.Koranda, H.Jelinkova et
al., Laser Phys. Lett., 4, 503 (2007).

4. Yu.A.Zagoruiko, N.O.Kovalenko, 0O.A.Fe-
dorenko, et al., Functional Materials, 15, 247
(2008).

5. Yu.A.Zagoruiko, N.O.Kovalenko, V.M.Puz-
ikov et al., Functional Materials, 16, 329
(2009).

6. E.Sorokin, V.K.Komar, V.M.Puzikov et al.,

in: Abstr. 14" Int. Conf. “Laser Optics

2010", St.Petersburg, Russia (2010).

=

405



Yu.A.Zagoruiko et al. /Novel material for active ...

Monoxpucraiau Fe2t*:Zn,_ Mg,Se — momuii maTepian
OJisT AaKTHBHUX €JIEMEHTIB Jia3epiB 3 NMepecTPOIOBAHHAM
y miamazoHi 4—5 MKM

I0.A.3az0pyiixo, H.O.Koeanenko,
0.A.Dedopenko, A.C.I'epacumenko

Sk HOBUIT sasepHUU MaTepias O AKTUBHUX €JEeMEHTIB JiasepiB 3 IepecTPOIOBAHHAM
JOBKUHU XBUWJ BUIPOMiHIOBaHHA y cepexHbomy IY gmiamasoni (4—5 MKM) 3aIIpOHOBAHO MO-
mokpucranu Zn,_ Mg Se (0,11<x<0,42), nerosani iomamu Fe?*. CreKTpy OITMYHOTIO ITOTJIH-
HAHHA 3pasKis Fe2+:Zn0_89Mgo_11Se Ta Fez":ZnolegMgO.mSe XapaKTepHU3yIOTbCA CMyraMu
CHJIBHOTO IIOIVIMHAHHA 3 MakcuMyMamu Bimgmosiguo 3,212 Tta 3,374 mxm. IlosoxeHHs MakK-
CHUMYyMy CMYT'W [OITJIMHAHHSA NIIMPOKO30HHOTO HAIIIBIIPOBIZHMKOBOIO JasepHOro Marepiany
Fe2+:Zn1_XMgXSe 3CYyBAETHCA y MOBrOXBUJIBLOBY 00JIACTH 3 IiABMUINEHHAM KOHIlEHTpaIllil mar-
Hil0o y Kpucraxiuniii Mmarpui.
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