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V-shaped defects connected to inversion domains in AlGaN layers
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Thick AlGaN layers and AlGaN/GaN superlattices have been grown on GaN using metalorganic
chemical vapor deposition. Cross-sectional transmission electron microscopy has been used to show
that V-shaped surface pits on these samples differ from similar features observed in the InGaN
system. Inversion domains and segregated Al are found in the middle of each V pit, and superlattice
layers are observed to follow the pit sidewalls. ©2001 American Institute of Physics.
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Superlattices and thick layers of AlGaN/GaN and InG
are of interest for high power and optoelectronic appli
tions. For example, AlGaN/GaN superlattices may be use
high electron mobility transistors in high temperature, hi
power devices.1 Previous studies have shown that V-shap
surface defects~also known as inverted hexagonal pyramid!
form on InGaN when the In concentration is high.2,3 These
defects contain excess In on their sidewalls3 and are always
connected to dislocations in the InGaN.4 Recently, InGaN
layers have been shown to end abruptly at such defe5

Although similar pits have been observed in AlGaN,6,7 they
have not been studied in detail. Here, we describe the for
tion of regular V-shaped defects in both thick AlGaN laye
and AlGaN/GaN superlattices. Differences are noted
tween the InGaN and AlGaN systems, and inversion
mains are shown to play an important role in defect form
tion in AlGaN. Such inversion domains are often found
GaN layers grown on sapphire, in addition to other defe
such as dislocations and stacking faults.8–11 The polarity of
the GaN is reversed at the domains,12 which are usually nar-
row and traverse from the GaN/sapphire interface to the
surface of the sample. Similar domains have been show
play a fundamental role in the formation of large pyram
that grow from the surface of GaN.13

Thick AlGaN layers and superlattices of AlGaN/Ga
were grown on thick layers of GaN at 1150 °C by metal
ganic chemical vapor deposition.~0001! oriented sapphire
was always used as the substrate. Nitridation of the sapp
was not used. Initially, a thin GaN buffer layer was deposi
at 500 °C, followed by a thick GaN layer grown at elevat
temperature using a two-step growth method.14,15 Layers
were grown with 6 and 8 at. % Al, and the AlGaN/Ga
superlattices had periodicities of 9, 20, and 30 nm. The
crostructure of the layers was investigated by transmiss
electron microscopy~TEM!. Cross sections were prepared
embedding small pieces of the samples face to face in
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mm diameter Ti grid,16 followed by grinding to a thickness
of 50 mm and Ar1 ion milling until perforation. Conven-
tional microscopy was carried out in a Philips CM20 TEM
200 kV, high-resolution images were taken on a JEOL JE
4000EX TEM at 400 kV, and chemical maps were obtain
on a JEOL JEM-3000F at 300 kV.

Thick ~1.2 mm! AlGaN layers showed pits at the samp
surface that were superficially similar to those observed

il:
FIG. 1. Cross section of the sample with a superlattice in the top reg
Arrows mark two inversion domains which originate in the GaN buffer lay
and traverse through the whole layer to the top surface.
9 © 2001 American Institute of Physics
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InGaN.2,3 The layer surface was flat between the pits,17 in
good agreement with the results of Mazuret al.,7 who found
that V-shaped pits in thin AlGaN layers grown on GaN we
associated with threading dislocations. Contrary to their fi
ings for AlGaN, as well as to those for InGaN, the pits e
amined here are connected to inversion domains.17

Figure 1 shows an image of a cross-sectional sampl
an AlGaN/GaN superlattice~SL! that has a periodicity of 9
nm, a total thickness of;1 mm, and an Al content in the
AlGaN layers of 6 at. %. V-shaped pits are present on
surface. Arrows mark two inversion domains~Fig. 1! which
originate in the GaN buffer layer and traverse through
whole layer to the top surface. Figure 2 shows the SL lay
at high magnification, with the AlGaN marked by arrow
Dislocations are present in the SL region, and one of
threading dislocations~visible on the left side of Fig. 2! has
traversed into the SL from the thick GaN. The AlGaN/Ga
interfaces are sharp and parallel to the surface. Hi
resolution images~e.g., Fig. 3! show that the pits are con
nected to inversion domains.~Figure 3 shows two overlap
ping pits instead of the more common discrete pits.! This
configuration was observed in many pits and also in the th
layers. Both energy-selected imaging and energy disper
x-ray mapping~Fig. 4! confirmed the presence of segregat

FIG. 2. High magnification image of AlGaN/GaN superlattice grown
GaN.

FIG. 3. High-resolution image of a pit formed on the surface of an AlGa
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Al within each pit. Bright field images~Fig. 5! show that the
superlattice layers follow the sidewall of each pit, in contra
to the InGaN system in which equivalent layers end sharp5

The pits are most likely to result from the slower growth ra
of the layers above each inversion domain than above
matrix, and this slower growth rate may in turn result fro
the fact that the layers form below the segregated Al~Fig. 4!.
In contrast, inversion domains in GaN can grow faster th
the GaN matrix around them, to form pyramids on t
sample surface.9,11,13 Inverted pyramids are never observe
in GaN.

The present study has shown that in the AlGaN/G
system inversion domains originate from the low tempe
ture GaN buffer layer~adjacent to the sapphire! and traverse
the SL to emerge at the top surface of the sample in

/

FIG. 4. Chemical map showing Al at a pit on the surface of an AlGaN/G
superlattice.

FIG. 5. AlGaN/GaN superlattice~with a periodicity of 30 nm! bent around
a V pit. The image is taken at two beam condition to show the bent lay
clearly, while the walls of the inversion domain are not sharp at this tilt
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middle of a V pit ~see the two inversion domains marked
arrows in Fig. 1!. The results highlight the fact that the su
pression of inversion domains in the GaN layer must be
dressed in order to decrease the defect density in the ov
ing layers. Further work is needed to investiga
systematically the pit formation in the thick layers and in t
superlattices taking into account the built-in strain as we
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16Á. Barna, G. Radno´czi, and B. Pe´cz, in Handbook of Microscopy, edited

by S. Amelinckx, D. van Dyck, J. van Landuyt, and G. van Tende
~VCH, 1997!, Vol. 3, Chap. II/3, p. 751.

17Zs. Makkai, B. Pe´cz, M. A. di Forte-Poisson, and F. Huet, Mater. Sc
Forum353–356, 803 ~2000!.
o AIP copyright, see http://ojps.aip.org/aplo/aplcpyrts.html


