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Abstract: Zinc selenide (ZnSe) is an II-VI semiconductor material with low phonon energy, a wide optical transpar-
ency range, and excellent physicochemical properties, making it highly attractive for infrared window components
and mid-infrared laser host applications. However, during high-temperature melt growth, imbalanced volatilization
of ZnSe components makes it difficult to maintain stoichiometric stability, thereby limiting the growth of high-quality
single crystals. This study focused on the stable growth of ZnSe single crystals and established a preparation route
based on sealed melt growth. Polycrystalline ZnSe purified by a vapor-phase method was used as the starting material.
Component volatilization was suppressed by vacuum sealing in a molybdenum crucible, and ZnSe single crystals
with dimensions of ¢27 mmx100 mm were successfully grown using the vertical Bridgman method. Subsequently,

Cr*": ZnSe elements were prepared via thermal diffusion. X-ray rocking curve (XRC) measurements revealed a full
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width at half maximum (FWHM) of 0.016 ° (57.6 arcsec) for the (110) plane, indicating high crystalline perfection.

Optical transmittance spectra showed near-theoretical high transmittance in the wavelength range of 1-15 um, demon-

strating good optical quality of the crystals. Inductively coupled plasma-mass spectrometry (ICP-MS) analysis

showed a Zn/Se atomic ratio of approximately 0.997, indicating that sealed growth effectively suppressed stoichio-

metric deviation. For the Cr**: ZnSe samples, a characteristic Cr*>" absorption band centered at 1770 nm (‘E—°T,)

was observed, and the Cr** doping concentration was measured to be 1.81x10' cm™. X-ray photoelectron spectros-

copy (XPS) further confirmed that chromium predominantly existed in the divalent state. This study demonstrates

that vacuum sealing using a molybdenum crucible enables the growth of high-quality ZnSe single crystals, and that

thermal diffusion can achieve effective Cr** doping. These results provide a feasible technological pathway for pre-

paring high-melting-point and volatile mid-infrared laser crystals.
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Fig. 1 Schematic diagram of the crystal growth and temperature
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Fig. 2 The diagram equipment of the thermal diffusion experi-
ment
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Fig. 3 Results of PVT purification
(a) Purified ZnSe material; (b) XRD patterns of ZnSe before and after purification
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Table 1 ICP-MS test results for inorganic impurities in

ZnSe polycrystalline
Impurity Commercial/(ug-g!) Purification/(ug-g™")

Cu 0.030 0.01
Ag 0.017 0.01
Mg 0.070 0.06
Ni 0.020 0

Bi 0.050 0.01
In 0.040 0.03
Fe 0.300 0.10
Ca 0.400 0.20
Al 0.230 0.01
Na 0.110 0.10
Pb 0.050 0.02
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0.997, ¥EL B AR Rk g R R U HHT
oy 1 2 A LA 2 VR BRI AU ZnSe fb A
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Fig. 4 ZnSe crystal and its composition analysis

(a) Photograph of the as-grown crystal ingot and crystal element; (b) EDS
spectrum of the crystal sample
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Fig. 5 XRC of (110) plane for ZnSe single crystal
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Fig. 6 Transmittance spectra of ZnSe crystals
(a) Vis-NIR transmittance spectra; (b) IR transmittance spectra
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Fig. 7 Comparative XPS analysis of ZnSe and Cr?>*: ZnSe crystals

(a) Zn2p and (b) Se3d high-resolution spectra of the ZnSe crystal; (¢c) XPS survey spectrum of ZnSe; (d) Zn2p, (e) Se3d, and (f) Cr2p high-resolution
spectra of the Cr?*: ZnSe crystal
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Fig. 8 Transmittance and absorption coefficient spectra of the

Cr**:ZnSe crystal in the wavelength range of 500-2500 nm
(a) Transmittance spectrum; (b) Absorption coefficient spectrum
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