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III-nitride materials are the foundation of modern light emitting diode (LED) technology [1-3]. The 

fabrication of LEDs based on III-nitride alloys has the potential for wavelength emission ranging from 

the near infrared to deep ultraviolet (DUV). Of the III-nitride materials, AlN has the largest band gap of 

6.2 eV [4], giving it the potential to be developed into DUV LEDs and lasers with applications that 

include compact sterilization tools for biomedical purposes. Additionally, the crystalline structure of III-

nitrides provide the unique capability to exploit the chemical differences of the III-polar and N-polar 

crystal faces and develop improved electrical devices such as high electron mobility transistors and 

novel devices such as lateral polar junctions and periodically poled second harmonic generators [5-7]. In 

order to develop these AlN based devices, however, it is required that both Al-polar and N-polar AlN of 

high structural quality are synthesized in an efficient and reproducible manner. 

 

The equilibrium crystal structure of all III-nitrides, including AlN, is that of wurtzite [4]. This crystal 

structure is non-centrosymmetric, and when grown along the c-direction, has an intrinsic polarization 

due to the electronegativity difference in nitrogen and aluminum atoms. These bond arrangements result 

in different chemical properties of the +c (Al-polar) and −c (N-polar) surfaces that effect affect material 

growth, surface quality, and impurity incorporation. Both Al-polar and N-polar AlN films can be grown 

on sapphire substrates by metalorganic chemical vapor deposition (MOCVD) with the appropriate 

sapphire surface treatment [8]. Growth of predominately N-polar AlN is observed on a sapphire surface 

that undergoes a low temperature anneal in an ammonia atmosphere, also called a nitridation step. Either 

the omission of nitridation or the implementation of a low temperature buffer layer before AlN 

deposition consistently results in an Al-polar film. 

 

Verification of polarity is typically achieved indirectly by exploiting the chemical differences of the 

surface through the stark variation between Al-polar and N-polar AlN etch rates in a potassium 

hydroxide solution [9]. While useful as an indirect measurement tool, wet etching offers no information 

about the atomic structure of the interface between the sapphire substrate and the AlN film. Atomic 

resolution imaging of this interface is achieved by Scanning transmission electron microscopy (STEM). 

Additionally, recent advancements in the development of aberration corrected electron microscopes with 

a sub-Angstrom beam size has increased spatial resolution, allowing for the identification of polarity of 

structures with minimal variation in their atomic number, such as Al and N [10, 11]. In this paper, the 

origins at the atomic scale of how sapphire surface treatments result in N-polar and Al-polar AlN films 

are discussed. Aberration-Corrected STEM results suggest the mechanism of polarity control in AlN 

grown directly on nitrided sapphire to be the mimicry of N-polarity from N-polar AlN formed by 

nitridation of the sapphire surface. For the case of Al-polar films grown on AlN buffer layers, 

appropriate annealing conditions promote growth of Al-polar facets in the buffer layer and overgrowth 

of the N-polar AlN initially created on the sapphire surface. 
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Figure 1. The a) process for polarity control of AlN grown on sapphire and b) partial wurtzite unit cell 

indicating Al- and N-polarity and the direction of polarization in AlN. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Aberration-corrected STEM images of a) an Al-polar and b) an N-polar AlN layers grown on 

sapphire substrates. Planes formed in the AlN buffer layer after annealing are indicated white lines in b). 
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