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Low-dislocation AlGaN thin films grown using Al;.,Si,N nano-disks (x= 0.07~0.17)
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1. Introduction

Nitride semiconductors are generally grown on sapphire
or SiC substrates heteroepitaxially because GaN bulk
substrates are still expensive and have small areas. Many
cracks and threading dislocations (TDs) form in these
nitride semiconductor films grown on such foreign
substrates because of large mismatches in the lattice
constants and thermal expansion coefficients between
nitride semiconductors and the substrates. Furthermore,
even when a GaN bulk substrate is used, methods for
reducing the threading dislocation density (TDD) are
essential because lattice constants and thermal expansion
coefficients of nitride semiconductors vary widely
depending on their composition. In this paper, we propose
the use of Al SiyN ternary alloys [1] with a Si molar
fraction ranging typically from 0.07 to 0.17 in order to
reduce TDD of AlGaN thin films on SiC. We found that
thin Al SiyN forms nano-sized disks that change
propagation of TDs and diminish them. The AlGaN film
required for this technique is as thin as 1 pum. So, one can
grow crack-free AlGaN films with low TDD.

2. Experimental

Samples were grown on (0001) Si oriented n-type
6H-SiC substrates by metalorganic vapor phase epitaxy
(MOVPE). A sample structure is schematically shown in
Fig. 1. The sample consisted of a Si-doped 400-nm-thick
Aly1GagoN layer, seven pairs of an Al Si,N nano-disk
interlayer and a Si-doped 100-nm-thick Al ;GagoN layer, a
Si-doped 150-nm-thick GaN layer, and a Si-doped
100-nm-thick IngsGaggsN layer. The averaged height of
the Al 4SiyN nano-disks was eight monolayers. The Si
molar fractions of the Al;SixN nano-disk interlayers were
varied from 0 to 0.29. We assumed that the Si molar
fractions were equal to the molar flow rate ratio
[SiH4])/([SiH4] +[TMA]) during the growth of Al ,Si,N.
The TDD was estimated by two methods: observing growth
pits on the surface of the Si-doped 100-nm-thick
Ing15GaggsN with a scanning electron microscope [2], and
measuring the rocking curve of X-ray diffraction (XRD) of
the sample. The symmetrical (0002) and asymmetrical
(10-10) rocking curves of AlGaN were used to estimate the
screw-type and edge-type TDs, respectively [3]. For XRD
measurements, samples without the top GaN and
Ing15GaggsN layers were used in order to obtain the
asymmetrical (10-10) rocking curves of AlGaN. TDs
were also observed by cross-sectional transmission electron
microscopy (X-TEM).

3. Results and discussion

Figure 2 shows the TDD of AlGaN estimated by
observation of growth pits by SEM (a), and by rocking
curves of XRD (b). In Fig. 2(a), the TDD of AlGaN
without the Al;,Si,N nano-disk interlayers is 3x10° cm™.
Then, TDD gradually decreases with increasing Si molar
fraction and reaches the minimum value of 6x10° cm™ at
x=0.17. It can be seen that the edge-type TDD estimated
by XRD [Fig. 2(b)] and its dependence on the Si molar
fraction are almost similar to those by SEM. On the other
hand, the screw-type TDD is one order magnitude lower
than the edge-type TDD and nearly independent of the Si
molar fraction. Thus, most of TDs in AlGaN films are
pure edge dislocations, and they are effectively eliminated
by the Al;SiyN nano-disk interlayers with the optimized Si
molar fraction.

The AFM image shown in Fig. 3 was taken for
Alyg3Sip 7N of eight monolayers deposited on an
Aly1GagoN film. The deposited Alyg;Sip 7N forms
nano-disks whose diameter, height, and density are 30~40
nm, 3~6 nm, and 1.6x10"" cm?, respectively.

Figure 4 shows an X-TEM image near the Aljg3Sig 7N
nano-disk interlayers. Two threading dislocations run
parallel to each other and are terminated at the top
Alyo3Sipp;N nano-disk interlayer. As described above,
TDs eliminated by this technique are pure edge dislocations.
It can be considered in Fig. 4 that two pure edge
dislocations having opposite Burgers vectors bend at an
Alyo3Sipp;N nano-disk and make a half-loop. Large
biaxial strain between the Aly;GagoN and Alyg;Sig /N
nano-disk is probably the reason for the elimination of the
TDs.

4. Conclusions

TDs in AlGaN thin films grown directly on SiC were
successfully eliminated by inserting multiple Al SixN
nano-disk interlayers. The lowest TDD was 6x10° cm™.
The formation of the dislocation half-loops at the Al Si,N
nano-disk reduced the TDD of AlGaN thin films on SiC.
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Fig. 2: TDD in AlGaN thin films plotted as a function of Si molar
6H-SiC(0001) fraction in Al; Si,N nano-disk interlayers estimated by
SEM (a), and XRD (b), respectively. In Fig. 2(b),
closed squares and triangles show the edge-type and
Fig. 1: A schematic illustration of sample structure. screw-type dislocations, respectively.
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Fig. 3: An AFM image shown for Al g;Siy 7N nano-disks
deposited on an Aly;GagoN film Fig. 4: An X-TEM image around the Al 93Sig 7N nano-disk

interlayers.
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