Invited

Potential, Achievements and Issues of InN and Related Alloys for Device Applications


Y. Nanishi1, D. Muto1, M. Noda1, S. Harui1, T. Yamaguchi2, T. Araki1
1Dept. of Photonics, 2Res. Org. of Sci. & Eng.
Ritsumeikan University

Noji-Higashi 1-1-1, Kusatsu, Shiga, 525-8577, Japan

Corresponding author email: nanishi@se.ritsumei.ac.jp
Six years have passed since narrow band gap of InN was first reported. Now, narrow band gap of around 0.65 eV have widely recognized after several years of discussion. This new finding expanded application field of group III nitrides and those alloy system from 6.2 eV of AlN to 0.65 eV of InN. InN inherently has very high mobility and saturation velocity. These attracted considerable attentions to InN and related alloys. However, many scientific and technical issues hinder applications of these material systems to actual devices. These include very high concentration of residual donors, high density dislocations due to large lattice mismatch, surface accumulation of carriers, p-type doping and formation of high quality hetero-interface.


In this talk, 1) attempts to decrease dislocations, 2) effect of dislocation on optical properties of InN, 3) non-polar growth of InN attempting to suppress surface accumulation of carriers, 4) Mg doping to both polar and non-polar InN and 5) Mg doping to InGaN will be presented.


As attempts to decrease dislocations, (1) re-growth on micro-faceted InN template and (2) growth of position-controlled InN nano-columns will be shown. TEM study on nano- columns demonstrated remarkable effect of this technology to reduce or eliminate threading dislocations in InN.


Effect of dislocations on optical properties of InN was investigated by CL measurements. We found that highly dislocated area corresponds to non-radiative area in CL measurements.


A-plane InN on R-plane sapphire and M-plane InN on LiAlO2 have been successfully grown by RF-MBE. Bulk carriers and accumulated carriers at the surface were estimated by sheet carrier dependence on film thickness. Unfortunately, formation of surface accumulation layer, however, could not be removed by these non-polar growth methods. Non-polar growth with atomically flat surface should be needed, at least, to suppress formation of accumulation layers.


Mg is doped not only to N-polar C-plane InN but also to A-plane and M-plane InN films. InGaN alloys are also doped by Mg. All the samples including InGaN showed Mott-Schottky curves which imply formation of p-type layers under surface accumulation layers. However, p-type conductivity has not been confirmed by Thermopower method. Highest doping level of Mg to keep single crystal InN, minimum Mg-doping level to observe p-type conversion were both compared among C-plane, A-plane and M-plane InN films. These results indicated that A-plane is a favourable plane to dope Mg among other planes with different orientations.
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