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The temperature dependences of the light refraction index for single crystals of Zn,_
Mg, Se solid solutions grown by the Bridgman method have been measured. It is estab-
lished that within 800-583 K temperature interval, the dn/dT value for Zn,s,Mg, 4gS€
crystals is 9.81-107% at A = 0.63 pm and 5.29-107% at L = 10.6 um. Studied have been the
temperature dependences of the piezoelectric properties of Zn,_,Mg,Se single crystals. It is
found that at 0.34<x<0.48, the electromechanical bond coefficient k, amounts (11£1) %,
and this value remains unchanged at temperatures ranging between 295 and 495 K.

WsMepeHbl TeMIIepaTypPHLIE 3aBUCUMOCTH OKAa3aTeJs IPeJOMJIEHUS CBeTa AJIs MOHOKPIC-
TAJLIOB TBEPABIX pacTBopoB Zn, Mg, Se BripamenHbIx MerogoM Bpuaxmena. YcraHOBIIEHO,
uro B mHTepBase Temmeparyp 800-583 K semmuuna dn/dT xpucrannos Zn,5,Mg, 4gS€ co-
crasasier 9,31-107° opu A = 0,63 MM u 5,29-107° mpu A = 10,6 mxm. MccaexoBanbl TeMme-
paTypHBIEe 3aBUCHMOCTH IIhe30dJIeKTPUYECKHUX CBOMCTB MOHOKpucramros Zn, Mg,Se. Vcra-
Hopieno, uro mpu 0,34<x<0,48 BenrmumHa KO3(PUIMEHTa ITEKTPOMEXaHWJIecKoi cBasu k,
cocrasisier (11+1) % u coxpaHseT cBoe 3HaueHWe B aumamnasoHe temieparyp 295-495 K.

1. Introduction

In [1-6], the structure and lattice pa-
rameters of Zn,_,Mg,Se single crystals de-
pending on the Mg concentration were meas-
ured; the behavior of the mechanical, elec-
trooptical, photoelectric, and dielectric
properties of these crystals was studied
within a wide temperature range in the
samples of different chemical composition.
However, till quite recently, the tempera-
ture dependences of the refractive index for
Zn,_,Mg,Se single crystals and their piezo-
electric properties have not been estab-
lished. It should be noted that the available
literature data on the temperature depend-
ences of the refractive index differ essen-
tially even for the well-known classic erys-
tals such as ZnSe or CdS, and in some cases
are of estimative character. This is ex-
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plained by the fact that the dn/dT values
were determined by different experimental
methods, and the investigated samples of
semiconductor materials were grown by dif-
ferent techniques and had different doping
levels [7].

2. Experimental methods

In this study, the temperature depend-
ences of the refractive index dn/dT (ther-
mooptical coefficient) were measured for
Zng 5oMgg 4gSe samples at different wave-
lengths (0.63 um and 10.6 pm) within the
temperature interval from 300 to 583 K. At
the mentioned magnesium concentrations,
the single-crystal substitution solid solution
Zn,_,Mg,Se has the structure of wurtzite,
and is a uniaxial crystal [3]. For compari-
son, there the thermooptical coefficients for
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ZnSe crystals were also measured. The in-
vestigated ZnSe, CdS, and ZnMgSe single
crystals were grown by the vertical Bridg-
man method. The measurements were car-
ried out using an experimental unit which
operation was based on the refractive prop-
erty of a prism.

The error of the refractive index meas-
urements was +1.5.1078 [6], the relative
error for the thermooptical coefficient de-
termination did not exceed +7 %. The re-
producibility of the measurement results
lay within limits of calculated error and
agreed well with the available literature
data.

In this work, the piezoelectric properties
of Zn,_,Mg,Se single crystals and the tem-
perature dependences of these properties
were investigated for the first time. The
electromechanical bond coefficient k; was
determined from the measurements of the
resonance and antiresonance frequencies for
thin plane-parallel crystal samples with the
planes oriented perpendicular to the [0001]
direction. The measurements were realized
at temperatures ranging between 295 and
495 K.

3. Results

Table 1 and Fig. 1 present the results of
our dn/dT measurements for ZnSe, CdS,

and ZnMgSe single crystals as well as the
data obtained by other authors [7—10]. The
agreement of our results with the literature
data within limits of experimental error
testifies that the results of this research are
reliable. The data reported in our previous
study [11] and those obtained in this work
show that hexagonal Zn,_,Mg,Se single
crystals (0.14<x<0.55) are highly thermally
stable, operable within a wide range of
working temperatures and highly radiation
resistant (Table 2). In particular, at A =
10.6 um, the laser damage threshold of
Zng 5oMgg 4gS€ samples is twice as high in
comparison with that of CdS single crystal
samples. Due to this fact, we have produced
thermally stable half- and quarter-wave
phase plates intended to work with high-in-
tensity CO- and CO,-laser radiation as an
example of the use of hexagonal Zn,_,Mg,Se
single crystals (x ~ 0.2) in practice. The
strong thermally stable antireflection oxide
coatings of these plates have been obtained
by the photo-thermal oxidation [12].

We have measured the piezoelectric
properties of Zn,_,Mg,Se single crystals and
determined the temperature dependences of
the electromechanical bond coefficient
(dk;/dT) for this material (Fig. 2). The hex-
agonal Zn,;_,Mg,Se single crystals were found
to show a rather high electromechanical

Table 1. Thermooptical coefficients of single crystalline A'BY! samples

Material dn/dT, K7l the present study dn/dT, K1 data [7-10]
A =0.63 um A =10.6 um A =0.63 um A =10.6 um
CdS 1.7.1074 1.0.10°4 (2.1...2.4)10°¢ 1.09-10°¢
Zng 5,Mg, 4gS€ 9.31.107° 5.29-107° - -
ZnSe 1.13104 4.9510°° - -

Table 2. Comparative characteristics of single-crystalline A'BY! compounds meant for IR optics

Material ZnSe Zn,_,Mg,Se (0.4<x<0.5) CdS
Structure cubic hexagonal hexagonal
AE, eV 2.7 3.0 2.4
Doy Cem ~1018 1013 1012
B, cm™! at A =10.6 pm < 51073 < 71073 3.1072
Radiation resistance in >60 >50 ~ 925
spot &1.0 mm at A =
10.6 pm, kW/cm?
dn/dT at Ix{_=1 10.6 um, 5.0-10°5 5.29-107°° 10.1-10°°
Toper.max. K 423 423 343
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Fig. 1. Temperature dependences of refrac-
tive index for single-crystal A'BY!' com-
pounds: 1, ZnSe; 2, CdS; 3, Zn, 5,Mg, 4gSe.

bond coefficient: at 0.84<x<0.48, k, = (11+1) %,
which is close to the values typical of well-
known hexagonal A!'BV! compounds and the
solid solutions based thereon [13]. The fre-
quency variation coefficient for a resonator
made from Zng 5oMgg 45S€ single crystal was
equal to 4.3-107% K71, i.e. lower than that
of CdS resonator (6.7-107° K~1). Moreover,
it was established experimentally that the
Q-factor of Zn,_,Mg,Se resonators was al-
most twice as high in comparison with that
of the piezoelectric resonators made from
hexagonal CdS single crystals.

4. Conclusions

The temperature dependences of the re-
fractive index of Zn,_,Mg,Se single crystals
were measured within the temperature
range from 300 to 583 K. It is shown that
for Zng 5,Mgg 4gS€ single crystals grown by
the vertical Bridgman method, the dn/dT
value is 9.81-107® K1 (at A = 0.63 um) and
5.29.10°5 K1 (at A =10.6 pm). The meas-
ured dn/dT  values for hexagonal
Zng 55Mgg 4gSe single crystals differ slightly
from those for cubic ZnSe single crystals
and are essentially lower than the corre-
sponding values for hexagonal CdS crystals
grown by the same method. For the first
time has been measured the electromechani-
cal bond coefficient k, for Zn,_,Mg,Se single
crystals. It is established that hexagonal
Zn,_,Mg,Se single crystals have rather
high electromechanical bond coefficient
k, = (11£1) % which value slightly changes
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Fig. 2. Temperature dependences of piezoelec-
tric properties for single crystals of
Zn, 5oMg, 3gSe substitution solid solution: I,
electromechanical bond coefficient; 2, anti-
resonance frequency; 3, resonance frequency.

within 295-495 K temperature interval and
is close to the values typical of those for the
known hexagonal AlIBV! erystals.
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TemMnmepaTypHi 3aJIe;KHOCTI ONITUYHHUX Ta

I’€30€JIEKTPUYHUX XaPAKTEPHMCTHK MOHOKPMCTAJIB
ZnMgSe

I0.A.3az0pyiixo, H.O.Koeéanenxo, B.M.Ily3ixoe, O.0.Pedopenko

Hocaim:xkeHo TeMIlepaTypHi 3ajeKHOCTI KoedillieHTa 3ajJoMJIEeHHA CBiTJIa ¥ MOHOKpPUCTA-
nax TBepAux posumHiB Zn, Mg, Se, orpumanux sa merosom Bpumxmena. BeranosieHo, mo
y miamasouni remmeparyp 300-583 K Benmumna dn/dT wpucraiis Zn0152M9014BSe CKJIAZAE
9,31-110 ° K npu A = 0,63 um ra 5,29-10° K1 mpu L = 10,6 um. HocrimskeHo Temmepa-
TYPHI 3aJI€KHOCTi II’€30€IeKTPUYHUX BIACTHBOCTeHl MOoHOKpucTanis Zn,_,Mg,Se. Beranosie-
HO, mo mpu 0,34<x<0,48 BenwumHa KoedimieHTa eleKTPOMEXaHIYHOTo 3B’A3KY K, CKIamae
(11+1) % Ta sbepirae cBoe 3HaueHHA y giamasoni Temmeparyp 295-495 K.
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