MBE growth and mechanical properties of HgCdSe infrared materials 
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[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Recently, mercury cadmium selenide (HgCdSe) has been proposed as an alternative infrared (IR) material to mercury cadmium telluride (HgCdTe) for fabricating next generation IR detectors and imaging focal plane arrays (FPAs) with features of larger array format size and lower production cost. Current high performance IR sensor technology is dominated by HgCdTe detectors grown on lattice-matched CdZnTe substrates which, however, suffer from major challenges due to the limitations of CdZnTe substrates, such as lower crystal quality, smaller wafer size, higher unit cost and limited commercial vendors in comparison to Si, Ge and III-V substrates.  In contrast, HgCdSe, a material with similar infared capabilities to HgCdTe, is closely lattice-matched to GaSb substrates which are readily available as commercial epi-ready substrates with features of lower unit cost, larger wafer size and higher crystal quality [1]. Thus, HgCdSe materials grown on GaSb substrates could provide a solution to address the major challenges confronted by current HgCdTe IR detector technology. Although some preliminary studies have demonstrated the feasibility of MBE (molecular beam epitaxy) growth of HgCdSe epilayers on GaSb substrates, the reported HgCdSe epi-layers present crystal quality much lower than HgCdTe on CdZnTe in terms of full width at half maximum (FWHM) of the X-ray diffraction (XRD) peaks (≥110 arcsec for HgCdSe , while ≤ 60 arcsec for HgCdTe). In this work, we report  high quality MBE growth and a mechanical property study of HgCdSe layers on GaSb (211) substrates. By optimising the substrate surface thermal cleaning and HgCdSe growth conditions, high crystal quality HgCdSe epilayers were achieved with a XRD FWHM of 55 ~ 65 arcsec which is almost comparable to that of HgCdTe grown on CdZnTe. Of particular note, the optimum growth temperature window for the MBE growth of HgCdSe epilayers (~ 20 ) was found to be much wider than that of HgCdTe (~ 5 ). In addition, the mechanical properties of HgCdSe epilayers were studied via nanoindentation, and the Young’s modulus (E), hardness (H), and shear strength (τ)  were measured to be ~51 GPa, ~ 0.93 GPa and ~ 2.25 GPa for HgCdSe epi-layers, which are superior to those of HgCdTe (E ~ 50 GPa, H ~ 0.66 GPa, andτ~ 1.8 GPa) [2]. The wider MBE growth temperature window together with more robust mechanical properties of HgCdSe should improve the fabrication tolerance ofHgCdSe IR materials and detectors, and thus enhance the detector yield and reduce the production cost. This work indicates the great potential of HgCdSe on GaSb as an alternative to HgCdTe on CdZnTe for fabricating next generation IR detectors and FPAs with features of larger array format size and lower production cost.
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