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Oxide broad-band interference coatings are obtained by the method of photothermal
treatment on the surface of active elements of Zn1_XMgXSe:Cr2+-laser. It is established that
such antireflection coatings reduce the optical loss of the active element by 15-20 %
within the whole of the working range of the radiation generation wavelengths, as well as
within the wavelength region of optical pumping of lasers. The active elements with such
coatings are thermally stable and withstand repeated thermal cycling without breaking.
The optical transmittance in the range 20-150°C remains unchanged.

Metogom (ororepmuueckoii 00pabOTKM Ha IIOBEPXHOCTH AKTHUBHBIX 9JIEMEHTOB Zn1_XMgXSe:Cr2+-
JIa3ePOB IOJYUYEeHBl OKCHUIHBIE IIMPOKOIIOJOCHBIE MHTEP(PEPEeHIINOHHBIE MOKPBITUS. ¥ CTAHOB-
JIEHO, UTO TaK’e AHTHUOTPAYKAIOIIUE MOKPBITUS II03BOJISIOT CHUBUTh OINTHYECKUE IIOTEPH HAa
oTpakeHue aKTUBHOTO sjeMeHTa Ha 15—20 % B paboueMm guanasoHe JJUH BOJH I'eHEePalMU
UBJIyYEeHUs, a TaKKe B 00JACTH [JUH BOJIH OITUYECKON HAKAYKM Ja3epOB. AKTHUBHBIE dJie-
MEHTBI C TAKMMHU IMOKPBITUSIMU TE€PMOCTAOMIBHBI W BBIAEPKUBAIOT MHOIMOKPATHBIE TEPMOIUK-
JIUpOBaHUsA 0e3 paspylIeHUsd, a UX ONTHUYecKoe IpomryckaHue B nHTepBase 20—150°C ocraert-
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CA IIPpaKTU4YeCKU HEeU3MEeHHBIM.

1. Introduction

Binary and ternary semiconductor AlBV!
compounds doped with divalent ions of tran-
sition metals (Cr2*, Fe2*, Co2*, etc.), repre-
sent a new class of active media for tunable
mid-IR range [1-3]. Laser radiation of this
wavelength range (2 to 5 um) is required
for diagnostic, therapeutic and surgical ap-
plications in medicine and cosmetology, for
environmental monitoring with LIDAR sys-
tems, for optical communication channels,
infrared countermeasures systems, and for
other purposes. In particular, the efficient
lasing was obtained for ZnSe:Cr2* crystals
[3, 4] with tuning range 1.88-3.10 um [3,
4] and Zn,_,Mg,Se:Cr?* crystals, with tun-

462

ing range, shifted to longer wavelength side
[5 — 7], respectively.

In the present study, to decrease the re-
flection losses of Zn1_XMgXSe:Cr2+-active ele-
ments, we obtained broad-band antireflec-
tion interference oxide coatings on the sur-
face of such active elements, and
investigated their optical characteristics in
a wide temperature range. Such coatings
were obtained on the surface of Zn 1_)(MgXSe:Cr2+
single crystals by the method of photother-
mal oxidation (PTO) of semiconductor crys-
tals of AllBV! group [8] earlier developed at
the Institute for Single Crystals. To main-
tain the optical characteristics of samples
unchanged, the temperature of the PTO
process did not exceed 500°C. The operation
characteristics of the active laser elements
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Fig. 1. Block diagram of the apparatus for
photostimulated treatment of crystalline Al
IBV! compounds: (1) low-intensity controlling
laser, (2) beam splitter, (3) electric furnace,
(4) oxidized sample, (5) photoreceiver for meas-
urement of laser radiation source intensity, (6)
photoreceiver for measurement of the intensity
of laser radiation, reflected from the sample; (7)
photoreceiver for measurement of the intensity
of laser radiation transmitted through the sam-
ple; (8) thermocouple for measurement of the
oxidized sample temperature, (9) MCU for pre-
liminary treatment of analog signals, coupled
with personal computer; (10) computer for visu-
alization and storage of digital data; 11, 12 —
UV-lamps.

Zn1_XMgXSe:Cr2+ with the antireflection
coatings were compared with those of the
active laser elements ZnSe:Cr?* which has
been oxidized in the same conditions.

2. Resultls and discussion

The study was performed on oriented sam-
ples 15x8x10 mm3, cut out of Zn,_Mg,Se:Cr2*
and ZnSe:Cr2* single crystals, grown by the
vertical Bridgman method in graphite cruci-
bles under an excess pressure of argon.
After orientation and cutting, all samples
were subjected to the standard procedure of
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Fig. 2. Interference curves obtained during
the growth of the oxide films on the surface
of ZnSe:Cr?* and Zn,_XMgXSe:Cr2+ substrates.

mechanical treatment, including finish pol-
ishing.

The interference antireflection coatings
on Zn, ,Mg,Se:Cr?* and ZnSe:Cr?* active
elements were obtained by means of a setup
for photostimulated treatment of crystals.
The diagram of this setup is shown in Fig. 1.
Analysis of the interference curves (Fig. 2)
obtained during the growth of the oxide
coatings on two different substrates under
the same conditions of PTO allow to calcu-
late the rate of the growth of ZnMgO films
on Zn 1_XMgXSe:Cr2+ substrate in comparison
with the rate of the growth of ZnO film on
ZnSe:Cr2* substrate. The rate of growth of
the oxide film on the Zn,_,Mg,Se:Cr?* was
found to be approximately by one and a half
times slower than the one for ZnSe:Cr2*.

For the active elements of Zn,_ Mg, Se:Cr2*
with the interference oxide coatings the op-
tical transmission spectra were measured in
the band that match with the tuning range
of lasing. Comparison of the spectra of
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Fig. 8. The spectra of optical transmission of single crystals ZnSe:Cr2 and ZnMgSe:Cr?*: a) 1 —
ZnSe:Cr2* initial; 2 — ZnSe:Cr2* after PTO. b) I — ZnMgSe:Cr?* initial; 2 — ZnMgSe:Cr?* after PTO.
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Fig. 4. Temperature dependences of the optical transmission of ZnSe:Cr?* (a) and Zn,_XMgXSe:Cr2+
(b) samples with antireflection oxide coatings (OC) and without coatings. These dependences were
measured at different wavelengths: a) I — ZnSe:Cr?*, A = 2.8 um; 2 — ZnSe:Cr?* with OC, A =
2.8 um; 8 — ZnSe:Cr?*, A =1.8 um; 4 — ZnSe:Cr?* with OC, A =1.8 um; 5 — ZnSe:Cr*, A =
1.06 um; 6 — ZnSe:Cr?* with OC L = 1.06 um; b) I — Zn,_,Mg,Se:Cr?*, L = 2.46 um; 2 — Zn,_
Mg, Se:Cr?* with OC A = 2.46 pm; 3 — Zn,_ Mg,Se:Cr?*, . = 1.8 um; 4 — Zn,_ Mg, Se:Cr?* with OC
A =1.8 um; 5 — Zn, ,Mg,Se:Cr?*, L = 1.06 um; 6 — Zn, ,Mg,Se:Cr?* with OC A = 1.06 um.

Zn,_,Mg,Se:Cr2* active elements with the
coating and without coating shows that in
the generation band of Zn,_,Mg,Se:Cr2*-
laser the optical transmission of the former
sample is by 17-20 % higher than that for
the latter sample (Fig. 3).

As seen from the data of Fig. 4, in com-
parison with the optical transmission spec-
tra of the samples ZnSe:Cr2*, those of
Zn,_,Mg,Se:Cr?* samples are almost con-
stant in the temperature range from 20 to
150°C. Moreover, in the temperature range
from 20 to 250°C the decrease of the optical
transmission of Zn1_XMgXSe:Cr2+ samples is
lower than the one for ZnSe:Cr2* samples.

It is established that the interference an-
tireflection oxide are characterized by ther-
mal stability and high adhesion to the sur-
face of Zn,_,Mg,Se:Cr2* and withstand mul-
tiple thermal cycling (300 K-525 K—-300 K)
at a changing rate of temperature not less
than 5 K-s71.

3. Conclusion

Thus, the obtained results show both the
reduction of the optical losses in Zn,_
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Mg, Se:Cr?*-lasers with antireflection oxide
coatings and the possibility to use these la-
sers under hard temperature conditions.
The antireflection oxide coatings on the sur-
face of active elements make it possible to
reduce optical losses within the whole of the
lasing range.
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TepMocTadiJIbHI MPOCBITIIOYI MOKPUTTS
AaAA aKkTHBHEUX ejdeMeHnTiB ZnMgSe:Cr2*-na3zepis;
OTPUMAHHA i BJIACTHBOCTI

B.A.Xpucmvan, I0.A.3azopyiiko, H.O.Kosanenko,
II.B.Mameiiuwenxo, [.C.Co¢ppornos

Merogom (oToTepmiunoi oGpoGKH Ha MOBepXHI akTHBHEX erementiB ZnMgSe:Cr2*-ia-
3epiB OTPUMAHO OKCHUAHI NIMPOKOIIOJOCHI iHTep(depenniiini moxkpurra. BceraHoBieHo, oo
Taki aHTHUBiZOUBAaOYI MOKPUTTA HO3BOJAIOTH SHUBUTHU ONTHUUHI BTPATU AKTHUBHOTO €JIEMEHTa
Ha 15-20 % B poGouomy [fianasoHi JOBKWH XBWUJb reHepallil BUNIPOMIHIOBAHHS, & TAKOMK B
00J1acTi JOBKWH XBUJb ONTUYHOI HAKAUKU JiadepiB. AKTUBHI eJleMeHTU 3 TAKUMU HOKPUTT-
MU TepMocTabiNbHI 1 BUTPUMYIOTHL OaraTropasoBi TepMOIUKJIIOBaHHA 0e3 pPyHHYBaHHA, a ix
ontTuyHe nponyckaHHd B iHTepBani 20—150°C sanumraerbca IPAKTUYHO HE3MIiHHNM.
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