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Figure 1 (Color online) In-Se binary phase diagram [26].
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Figure 2 (Color online) Alumina tube with components returned by SZ-15 (a), schematic diagram of zone-melting directional solidification furnace
(b), and temperature field distribution curve outside the crucible in the furnace (c).
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Figure 3 (Color online) Contact angles of undoped (a), 0.2 mol% (b),
0.5 mol% (c), and 1.0 mol% (d) Er-doped InSe melts, along with EDS
compositional analysis of the solid/liquid/gas triple junction region in
the solidified 1.0 mol% Er-doped InSe droplet (e)—(g).
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Figure 4 (Color online) Crystal morphology of undoped InSe and Er-doped InSe ((a), (¢)), cleaved flakes and SEM images ((b), (f)), EDS elemental

mapping ((c), (g)), and XRD patterns ((d), (h)).
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Figure 5 (Color online) Raman spectra of the InSe crystals.
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Figure 6 (Color online) Dislocation etch pits of space grown undoped InSe (a), ground grown undoped InSe (b), and Er-doped InSe (c) crystals.

2146



I ERE: FARE 202544 55 E OHE12M

12
® InSe
;-n? ® InSe-Er
?, 10
?
©
g 8 ® o o
& L o ° L
<
o
S 61
=
4 T T T T T
1 2 3 4 5
Point

B 7 (MRS AinSe 5 Brlf A InSe 1411 5 5
Rl E

Figure 7 (Color online) Comparison of microhardness values be-
tween undoped InSe and Er-doped InSe crystals.
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Table 1 Conductivity type, resistivity, carrier concentration, and mobility of intrinsic InSe and Er-doped InSe crystals
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Figure 8 (Color online) Thermal diffusivity (a) and thermal conductivity (b) of undoped InSe and Er-doped InSe crystals.
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Growth and characterization of InSe semiconductor crystals via
zone-melting directional solidification method
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Semiconductors have long been a key research focus in space materials science. Leveraging the unique microgravity and high-
vacuum conditions of space stations for in-depth studies has become a crucial approach to push the performance boundaries of
materials and accelerate the development of novel semiconductor materials. Indium selenide (InSe), an emerging semiconductor
material with remarkable potential, shows great promise for ultrafast optoelectronic/electronic devices. Building upon our previous
success in obtaining high-quality InSe crystals aboard the space station, this study further investigates Er-doped InSe crystals, with
particular emphasis on reporting ground-based research progress in crystal preparation techniques, structural characterization, and
performance evaluation. The findings aim to provide both reliable technical protocols and theoretical foundations for subsequent
microgravity experiments. By observing the solidification morphology of melts on quartz substrates using the droplet method, it was
found that as the Er content gradually increased to 1.0 mol%, the wetting angle between InSe and the quartz substrate significantly
decreased from 111.7° to 76.4°. This indicates that Er doping effectively reduces the surface tension between the InSe melt and
quartz. Such wettability variation provides crucial guidance for the special shaping treatment of space experiment samples,
particularly in achieving a non-contact effect between the melt and quartz tube walls. Using the zone-melting directional solidification
method with a temperature gradient of ~35°C cm’', both intrinsic and 1.0 mol% Er-doped InSe crystals were prepared. Neither
reacted chemically with the quartz crucible, confirming that Er doping at this concentration facilitates detached crystal growth and
enables the successful growth of high-quality crystals. XRD and Raman spectroscopy analyses confirmed that both crystal types
exhibit an y-phase structure. Chemical etching revealed dislocation densities of ~10* cm >, significantly higher than those of InSe
crystals previously grown in space, further demonstrating the necessity of utilizing microgravity conditions for high-quality crystal
growth. Micro-Vickers hardness tests showed that the intrinsic InSe had an H, hardness of 7.3 MPa, lower than the 8.32 MPa of Er-
doped InSe, primarily attributed to Er-induced lattice distortion and elastic strain field strengthening. Both intrinsic and Er-doped InSe
crystals are n-type semiconductors. While Er doping increased carrier concentration, mobility degradation led to reduced electrical
conductivity. Meanwhile, lattice hardening significantly enhanced thermal conductivity across the entire temperature range. In
summary, this study provides essential guidance for the safety, technical feasibility, and optimization of key growth parameters for
future space-based Er-doped InSe crystal growth experiments, thereby maximizing the success rate and scientific value of space
experiments.

InSe semiconductor crystal, zone-melting directional solidification, wetting angle, dislocation, n-type conductivity
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