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Infrared detectors have a variety of applications in the fields of pollution monitoring, industrial process con-
trol, space technology and medical diagnostics. HgCdTe (MCT) is the dominant material system for the semi-
conductor detector in the infrared wavelength range of 5.5~12 um. However, MCT has a drawback of poor
chemical stability due to the weak Hg-Te bond, which is affected by Cd incorporation. The toxic properties of
the component materials Hg, Cd, and Te, also pose problems in the production process. Therefore, it is antici-
pated that long wavelength materials from I[-V compounds may offer an alternative to HgCdTe. Infrared
photo-detectors with cutoff wavelength longer than 5.5 um at the device operating temperature of 77 K are very
attractive because InSb detectors cannot detect the wavelength range longer than 5.5um. However, it is very
difficult to grow the InAsSb materials with cutoff wavelength longer than 5.5 um at 77 K since there are no
suitable substrate materials to lattice-match with the epilayers. Up to now, InAsSb single crystals with cutoff
wavelength longer than 5.5 um have not yet been obtained using conventional liquid phase epitaxy (LPE) or
vapor phase epitaxy (VPE).

The main purpose of this thesis is to develop a new crystal growth method named melt epitaxy (ME), and

grow InAsSb single crystals with cutoff wavelength longer than 5.5 ym by ME. The electrical and optical
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properties of ME materials will be investigated.

Chapter 1 provides the purpose of this thesis. In chapter 2, we describe the mid-infrared InAsSb/InAsPSb
materials and InSbBi epilayers grown by LPE. We mention LPE growth of InAsSb/InAsPSb epilayers with 300
K cutoff wavelength of 3~5 ym. We measured and analyzed the performance of the mid-infrared InAsSb/
InAsPSb detectors and light emitting diodes. InSbBi epilayers were grown from In, Bi and Sn solutions by LPE.
Mirror smooth surfaces of the epilayers were obtained in all the three kinds of solutions. The EPMA measure-
ments showed that the Bi mole fraction in epilayers grown from Sn solution is 1.4%, that in In solution is 1.26%,
and that in Bi solution is 0.85%.

Chapter 3 describes a new growth method named melt epitaxy (ME). We present the growth process of ME,
and discuss the main differences between ME and LPE. At 300 K, the cutoff wavelength of InAsSb single
crystals grown by ME is 8~12 um, and it reaches 7~8 um for InGaSb single crystals. At 300 K, the electron
mobility of InAsSb and InGaSb epilayers is higher than 5 x 10* cm?/Vs, indicating the high quality and potential
applications for infrared detectors. We present the improvement of 77 K mobility of the InAsSb epilayers by
annealing treatment. After an annealing treatment for 11 hours, an electron mobility of 4.83 x 10* cm?/Vs with
a carrier density of 8 x 10" cm™ have been obtained at 77 K. The mechanism of the improvement of the
electrical properties after annealing treatment was studied by observing the etch pits on the surface of the
sample before and after heat treatments. We grew Ge-doped p-type long wavelength InAsSb epilayers by ME.
The Ge distribution, both on the surface and along the growth direction of the epilayer, is rather homogeneous.
A maximum hole mobility of 1.12X 10° cm*Vs with a carrier density of 9.18 x 10'6 cm™ at 77 K was achieved
in a p-InAsSb epilayer. To test the efficiency of ME technology for containing N compounds, we prepared
InNAsSb single crystals with 300 K cutoff wavelength of 13 um by ME. From EPMA measurement results, it
is clear that the nitrogen was incorporated in the InNAsSb epilayers, and the distribution of the composition
elements in the grown layers is very uniform.

In chapter 4, we formed p-n junctions on InSb and InAsSb samples by zinc diffusion. We preliminarily
fabricated the InSb and InAsSb detectors. The standard I-V characteristics indicated that the fine p-n junctions
have been obtained. The cutoff wavelength of fabricated InAsSb photodiodes is 10.5 um at 300 K. The relative
response spectrum of the InAsSb and InSb detectors was evaluated by a mid-infrared device spectroscopic
characteristic measurement system. At 77 K, the initial InAsSb detectors can detect the wavelength range up to
9 um, which is longer than the responding wavelength range of InSb detectors. This is the main merit of InAsSb
detectors.

In chapter 5, we discuss the experimental phenomena that were caused by melt epitaxy. For InAsSb materi-
als, As atoms were incorporated in the InSb lattice, and As atoms possibly substituted some positions of Sb
atoms. However, the arrangement of As atoms may have irregularity in the lattice. Thus we think that InAsSb
single crystals perhaps have microscopic composition in-homogeneity. The band gap narrowing of InAsSb

materials is possibly related to the microscopic composition in-homogeneity of the materials. We calculated the
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300 K transmittance spectra of InAsSb materials and the 77 K photo-response spectra of InAsSb detectors. The
calculated spectra are fundamentally in accordance with the measured spectra.

The summary and conclusion are presented in chapter 6.
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