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n-InP crystal growth for 2 inch wafers and their characterization
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Abstract Indium phosphide (InP) is a direct bandgap III-V semiconductor with the bandgap energy of approximately 1.36
eV, being used as a substrate semiconductor to fabricate optoelectronic devices at the near-infrared wavelengths such as
1,550 nm (telecommunication wavebands). Such optoelectronic devices include LiDAR for autonomous vehicles, semiconductor
lasers, medical semiconductor lasers, photodetectors, infrared seekers for military missiles, military purpose high-power
lasers, and various types of sensors. In this study, n-type InP doped with sulfur (S) was grown using the high-pressure
Vertical Bridgman (VB) method for fabricating 2 inch wafers. We arranged the five specimens from five different positions
on the wafer for characterization of various properties such as crystallographic, electrical, and optical one, via X-ray
diffraction (XRD), transmission electron microscopy (TEM), etch pit density (EPD) estimation, Hall effects measurements,
photoluminescence excitation (PLE) spectroscopy, and time-resolved photoluminescence (TR-PL). Characterization results
indicated that the grown crystals could be approximately estimated as single crystals with Zincblende structure of (100)
orientation and exhibited comparable or relatively good properties of electrical properties in comparison with n-InP single
crystal wafers commercially available from overseas manufacturers. However, defects and crystalline impurity such as EPD
were seen to be considerably higher than those of wafers of overseas manufacturers and needed to be minimized for
improving n-InP single crystals. Given such defects, future works need to include the relevant optimization of growing
conditions.
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Fig. 1. (A) A photo of the high pressure crystal growth system. (B) A thermally treated B,O; ingot. (C) The n-InP ingot.
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Table 1
Summary of XRD results for the n-InP wafer of grown crystals
. Peak 26 d FWHM
Position . [degree]  [A] [degree] hkl
1 30.39362  2.938544  0.0772 200
0 2 63.2548 1.46893 0.234 400
3 103.53 0.9807 0.96 600
1 30.3999 2.93795 0.0776 200
1 2 63.2725 1.46856 0.208 400
3 103.74 0.97926 0.73 600
1 30.4194 2.93611 0.2466 200
2 2 63.259 1.46884 0.506 400
3 103.85 0.9786 0.98 600
1 30.3898 2.93890 0.0757 200
3 2 63.248 1.46908 0.278 400
3 103.77 0.9790 1.03 600
1 30.3989 2.93804 0.0849 200
4 2 63.190 1.47029 0.396 400
3 103.72 0.9794 1.01 600
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Fig. 2. (A) The 2-inch n-InP wafer of grown crystals from which the five numbers denote the positions of specimens taken.
(B) XRD results for the five specimens.
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Fig. 3. (A) A HR-TEM image of the seed (B) A HR-TEM image of the grown crystals. (C)~(D) The selected area electron diffraction
(SAED) images for (A) and (B), respectively.
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Fig. 4. A microscope image of an inverted pyramidal shape of
etch pit (Microscope connected with a CMOS camera offered
about 700 times magnification).
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Fig. 5. The EPD map on 2-inch wafers of n-InP crystals (69 sectors) (A) The InP seed used for growmg (averaged EPD of 126.09/
cm?). (B) The grown n-InP crystals (averaged EPD of 10,098.55/cm”).
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Fig. 6. The electrical properties of the grown n-InP crystals. (A) carrier concentration. (B) electrical conductivity. (C) electronic mobility.
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Fig. 9. Schematic diagrams of temperature distribution and

shape of a solid-liquid interface of a InP inside a crucible. (A)

Conditions in the current setup utilized for growing the InP

crystals (B) Conditions aiming to improve crystal quality in a
future setup.
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