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Abstract
Statement of the Problem: The n-type aluminum gallium nitride (n-AlGaN) vertical field effect transistors on a Si substrate are promising devices for future super high power devices beyond Si, SiC and GaN devices currently being developed.   The AlN buffer layer is indispensable for the growth of AlGaN epitaxial layer on the Si substrate. However, the AlN is an insulating material and we could not flow current through the buffer layer. We report formation of the conductive AlN buffer layer (hereafter v-AlN) and details of the formation mechanism of the v-AlN. Methodology:  The v-AlN is grown on the Si substrate using metal organic chemical vapor deposition (MOCVD).  Al metal dots are grown on the substrate to form Al-Si alloy dots with successive growth of AlN buffer layer. Spontaneous nano size via-holes (hereafter via-holes) are formed in AlN buffer layer due to the surface energy difference of Si and Si-Al alloy.  The n-AlGaN is grown on it to fill out the via-holes. The conductive AlN buffer layer with via-holes is formed. Findings:  We have converted the insulating AlN buffer layer to conductive one by forming cluster of via-holes in the buffer layer filled with n-AlGaN during the crystal growth. The size of the cluster and the density are controlled and are 0.2~1µmΦ and 107~108/cm2, respectively. The current flows through these clusters filled with n-AlGaN. The mirror like n-AlGaN epitaxial layer was successfully grown on it.   It is confirmed that the vertical resistivity through the conductive AlN buffer layer was 0.2Ω/cm2 which is about 104 times smaller than that of conventional AlN. Conclusion & Significance: We have succeeded in growing the conductive AlN buffer layer on the Si substrate. Our technique and findings open a way to make vertical high power AlGaN FETs, UV-LEDs, UV sensors on the Si substrate and to realize Si-on-chip devices.
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Figure 1 Steps of the formation of spontaneous via-holes.
At the beginning stage of the growth, a small amount of Tri-methyl Aluminum (TMA) is fed on the Si substrate to form small size Al dots (a).  The Al embedded on the Si substrate interacts with the Si substrate to generate Al-Si alloy dots (b) during the Al feeding time and during the increase of temperature. At a Si content of approximately 35% β solid phase Si recrystallization is initiated as understood from the phase diagram of Si-Al alloy(c) and Si is epitaxially grown in the Al-Si alloy dots as shown in (d).  No AIN growth occurs on the Al-Si alloy surface because of the difference of surface energy of Si and Si-Al alloy.  Thus, via-holes of AlN are formed in the area where the Al dots are formed (e). A scanning electron microscope (SEM) image of via-holes is shown underneath of (e). Conductive n-AlGaN is filled in these via-holes by successive growth of n-AlGaN as shown in (f).   Nano cluster via-holes observed by SEM is shown underneath of (f).
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