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AlGaN/GaN heterostructures are of high research and industrial interest for the production of
high electron mobility transistors utilizing the two-dimensional electron gas (2DEG) induced
at the interface due to polarization effects. Critical AlGaN thickness is an important practical
parameter which is under the study in this work.
Ultrathin layers of AlGaN (between 2-12 nm thick) are grown on top of GaN in order to
study 2DEG formation. The structures are prepared using the metal organic chemical vapour
deposition method. Combining Rutherford backscattering, X-ray photoelectron spectroscopy
and ion sputtering the composition and thickness of the AlGaN layers are found. The
measured thicknesses agree well with the expected values. For selected samples, TEM
analysis is also performed showing quality of the interfaces. Al/Ga ratio is found to be nearly
constant, 0.26-0.28, in layers thicker than 5-6 nm. In the thinner films, estimation of the
composition is unreliable due to the photoelectrons coming from the underlying GaN film.
Kelvin probe force microscopy (KPFM) is used to study surface potential depending on
AlGaN layer thickness.

Fig. 1. KPFM images of (a) GaN, (b) AlGaN(3.5 nm)/GaN and (c) AlGaN(12 nm)/GaN

Pure GaN samples show homogeneous potential distribution across the surface (see Fig. 1a)
with a mean value of 0.72±0.3 V. This corresponds to an upward band bending of 1.1±0.1 V.
Both values are in good agreement with previous measurements [1]. Overall, the contact
potential difference rises from pure GaN to AlGaN/GaN following the theoretical estimates
for these compound semiconductors. Growth of thin (ca. 2 and 4 nm) layers of AlGaN leads
to a mosaic-like potential distribution indicating that 2DEG is formed at the interface but it is
not continuous because of the low layer thickness and poor stoichiometry (see Fig. 1b).
Homogeneity of the surface potential maps increases for layers thicker than 7-8 nm (Fig. 1c)
allowing to conclude about critical thickness of AlGaN for the formation of continuous

2DEG. Similar findings on critical thickness of a barrier layer for the formation of 2DEG
were reported using KPFM for LaAlO3/SrTiO3 heteroiterfaces [2]. The obtained results are
also in good correlation with earlier data reporting 2DEG observations for AlGaN layers
thicker than 3.5 nm in which the mobility and charge carrier concentration increase reaching
maximal values for the layers at around 10 nm [3, 4]. Thus, the work brings important
insights into registration of 2DEG at AlGaN/GaN interfaces using KPFM.
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